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ABSTRACT
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The paper enumerates a total of 68 species of lichens belonging to 31 genera and 19 families from the state of Punjab, of these Chaenotheca
brunneola and Phaeophyscia insignis are new records for Indian lichen biota. The study utilizes visual aids such as a heatmap with
dendrogram, depicting the presence or absence of lichen species and families across different districts of Punjab. A polar heatmap with
dendrogram illustrates the distribution of lichen taxa across these districts, while a pie chart with distinct radius spokes showcases the
presence of lichen taxa within different elevation ranges. In the present study an attempt has been made to provide a comprehensive
checklist of lichens from Punjab along with the identification key and detailed description of new records.
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INTRODUCTION

unjab is one of the prominent northern agrarian states of India.

The state recognized as the“land of five rivers,’stands as a border
state in northwest India, positioned between latitudes 29°30’'N and
32°32'N and longitudes 73°55’E and 76°50'E. The state shares its
boundaries with Pakistan to the west and the neighboring regions
of Jammu and Kashmir, Himachal Pradesh, Haryana and Rajasthan
(Fig. 1).The Punjab State is divided into three regions: Majha, Doaba
and Malwa. The state encompasses a mere 6.49% of forested land,
including 2.98% of tree cover outside of forests and 3.56% of actual
forest cover (Singh et al., 2014). Geographically, the state can be
categorized into four landform types such as Shivalik hills, Kandi,
Alluvial Plain, and South-Western Sand Dune Studded Region (Gosal,
2004).The major forested areas of Punjab include the Shivalik forest,
comprising sub-mountainous zones and undulating land beneath
the hills in various districts. The Shivalik hills boast remarkable
biodiversity, forming a broad natural green belt along the state’s
northeastern border adjacent to the Himalayan foothills (Gajarmal
etal.,2020).This area accounts for about 77% of the total forest area
in the state, along with the Bir Forest in Patiala and Sangrur districts
and the Mand Forest, primarily surrounding wetlands in districts like
Kapurthala, Rupnagar and Tarn Taran (Singh et al., 2014).

Lichens are renowned for their pivotal role as ecosystem
pioneers and their contribution to several significant ecosystem
services, such as pollution monitoring. However, lichens face
threats due to habitat loss, increasing air pollution, shifting
microclimates, and uncontrolled harvesting. These factors have
contributed to the dearth of prior lichen diversity records in
Punjab. According to Champion and Seth (1968), major regions
of Himachal Pradesh (Dalhousie, Dharamshala, Chinniand Kilba
Bashahr division, Kullu division, Shimla and Tosnal Parbatti valley)
and Haryana (Ambala, Hisar and Karnal) were historically part
of the Punjab state. Early research from the state documented
only three lichen species - Endocarpon pusillum Hedw., Peltigera
membranacea (Ach.) Nyl.and Ramalina sinensis Jatta (Singh and
Sinha, 2010). Later on, 21 lichen species were reported from the
Shivalik region of the state by Jerath et al. (2006, 2012).

Despite Punjab’s limited forest cover, it sustains a rich
variety of plant life, encompassing 397 algae, 948 fungi, 34
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bryophytes, 48 pteridophytes and 1897 angiosperms species
as documented by Edake (2015). The Punjab State Council for
Science and Technology, Chandigarh (PSCST), Biodiversity
Strategy Action Plan (BSAP), Punjab Biodiversity Board and
Department of Forestry & Wildlife Preservation of Punjab, along
with other bodies, diligently collected biodiversity data (floral
and faunal) from the state during their respective tenures.
However, there were no consolidated data on lower cryptogams
like lichens from the state (Jerath et al., 2002, 2006, 2012). To
establish baseline data for future lichenological research, this
study provides a comprehensive checklist of lichen species from
Punjab, with the key of their identification.

MATERIAL & METHODS

The present study is based on the fresh collections from
the different localities of Punjab state during 2021-2023 and
published literature. The specimens were collected from
the Shivalik hill region ranging in elevation from 180 m to
600 m. The specimens were examined morphologically,
anatomically and chemically. The morphological examination
was done under a stereo zoom microscope (Leica SSAPO) and
the anatomical study was done by thin hand-cut sections
observed under a compound microscope (Leica DM500). For
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Fig. 1: A map of Punjab state showing different collection sites.

the chemical study, spot tests were performed using routine
reagents K, C and P. For K test, 10% KOH solution was used.
For the C test, calcium hypochlorite and for P test, Para-
phenylenediamine were used. The thin layer chromatography
(TLC) was performed in solvent system A (Toluene: 1,
4-dioxane: acetic acid: 180: 60: 8), following the techniques
of Orange et al., (2001). The specimens were identified up
to the species level with the help of publications of Awasthi
(1991, 2007) and followed by Wijayawardene et al., (2022)
for classification. All the identified specimens are housed at
herbarium LWG of CSIR-National Botanical Research Institute,
Lucknow. The distribution map for the species was obtained
using Google Earth Map and Arc GIS 10.8 software.

Statistical Analysis

The statistical analysis was done using Origin Pro Graphing and
Analysis software. The information regarding lichen families and
species across various districts was encoded into binary format
(0 or 1; 0 depicts absence while 1 depicts presence), subjected to
Pearson correlation analysis and visualized through heatmaps
and Polar heatmaps with dendrograms. Furthermore, pie charts
were utilized to illustrate lichen taxa across different elevation
ranges, where each spoke’s length represents the elevation and
the color indicates the respective taxa present.

ResuLt & Discussions

Atotal of 68 lichen species belonging to 31 genera and 19 families
(Table 1), were documented across the 23 districts of Punjab.
This study also includes two species (Chaenotheca brunneola
(Ach.) Mall. Arg. and Phaeophyscia insignis (Mereschk.) Moberg
as new distributional records for India lichen biota (Fig. 5).
The presence of different lichen taxa across different districts of

98

the Punjab region was analyzed using a Polar heat map featuring
a dendrogram. In this polar heat map, the presence or absence
of different lichen taxa can be seen in districts. The district with
an absence of a particular lichen taxon is colored white and the
presence is represented by red color (Fig. 2). The districts such
as Pathankot (50 spp.), Hoshiarpur (34 spp.) and Gurdaspur (12
spp.) of Majha and Doaba regions exhibit higher species count
and represented by red color in the polar heat map, attributed
to their elevated altitudes and minimal pollution exposure.
These districts are situated near the Himalayan foothills and the
biodiverse Shivalik hills benefit from heavy rainfall, fostering
favorable conditions for lichen growth.

Fig. 2: A polar heatmap featuring a dendrogram displays the
presence or absence of different lichen taxa across different districts
of the Punjab region.

International Journal of Plant and Environment, Volume 10 Issue 4 (2024)



Lichen Flora of Punjab

(0107) eyuis pue ybuis

(0107) eyuIS pue ybUIS

(5102)

“ID32 1A2Q ‘(€10¢) 121dn pue
eyeAeN ‘(010Z) eyuls pue ybuis
(£107) na1dn pue exedeN

(5107) ewuieys pue

1U0D ‘(9107) “/p 12 3ekeN ‘(S L0T)
“Ip312 A8 ‘(€107) B21dn pue
exeAeN ‘(0L0Z) eYulS pue ybuis

(L661) lyisemy

(¥207) “Ip 32 RAYSIN

(Lzog) “Ip 12
aAIpuRY B (010T) BYUIS pue ybuis

(¥T0T) “Ip 12 _AYSIN

(€107) n21dn pue exeleN

(£107) 121dn pue exedeN

(9107) “Ip 32
eIYsIA 78 (L LOZ) 24dn pue tedfeg

(¥T0T) “Ip 12 _AYSIN

(9107) “/p 12 KeAypeddn
pue (9107) “/p 12 _AYSIN

(#20?) “Ip 12 AoureN

dH

NN NS ‘YY

M dN ‘NL'NW ‘WX

dn

dN’'NL
NS YO ‘N "M8r

M NW ‘D1 SV

dn

VD ‘PUBISIN B Y

A

dn

dn

AN HW

AN dN VY TD

AN NLTY dW

ad

619/9€-CC

6789¢-CC

€89/9¢-CC

¥0789¢-€C
'968.£9€-€T

V1LL9€-€C

V1LL9€-€C

L£89¢€-€C

0£789¢-€C

6£//9€-TT '68789¢-€C

6/L/9¢-€C

EY89€-EC

69¢89¢-€C

S€LL9¢-CC

0LLL9€-1T
'€18/9¢€-€T

L/ /19€-€C
'0€££9€-€T'06789€-€C

seadeulewey

seadeuljewey

seadeuljewey

Sesdeuljewey

seadeuljewey

seadejuoyUy

okadel1se|qouoiy

9B3DeI)Se|OUO

okadellse|qouoiy

oeadelise|qouoiy

okgdellse|qouoiy

okadel1se|qouoiy

oeadel1se|qouoiy

seadepije)

okadel1se|qouoiy

"JON 9( ('s12d) pjjasoi g

Jqlyez

(Bay "IN posnjoubiu g

Iqpyez (Mns) suanibuosus g

13qJ20Y 1Isnbyy1aq g

Jqlyez

(-dwia1y|) badpinip pipIOLY

‘ds pluoyy

SuIeH 'Y

(sudey *'Y) wnupuiapnb 'y

suleH DY (JAN) wnxaugns 'y

suley

“>'Y (1AN) winpuapauqns 'y

suley

DY (Bay IR supinpiu Y

exeAen 1 naidn pjodpd Y

suieH *>'Y (IAN) wnpasigip v

stueH DY (Bay “[InA)

WiNXaupp WnIpLIaWosIuy

YoegIel (‘ufep)

p3p21]dNpgns pauipubwy

qJoy| ('14) bapiouod bipi030.1doY

€l

k4’

hy

SYipwiay

pipuj uj uoNqLsIq

siaquinp
pioi4

21D)s ay3 ul s3SI

ans 45

saljiwpg

DXD] Uay3l| JO aWDN

ON S

‘eIpU| Ul UOIINQIASIP J12Y) yim Buoje a3els gefund ayj ui exel susaydl| Jo isl| v ;L d|qel

929

International Journal of Plant and Environment, Volume 10 Issue 4 (2024)



Lichen Flora of Punjab

(S107) “/p 12 1A3Q ‘(S 10T) BUIIRYS
pue 1uoD ‘(0107) eyuls pue ybuis

(€207) “Ip 12 eXRARN

(Lzog) “Ip
12 3AIpURY ‘(0L0T) BYUIS pue ybuis

(0102) eyuis pue ybuis

(6107) “/p 32 eLWIRYS “(9107) “IP
12xeAeN ‘(0102) eyuls pue ybuis

Jadeq 1uasaid uj

(0107) eyuis pue ybuis

(9102) “Ip
32 3ekeN ‘(0107) eyuls pue ybuis

(0207) “Ip 12 _AYSIN

(0102) eYuIS pue ybuis

(0107) YuIS pue ybuis

(5107) ewieys
pue 1uoD ‘(0107) eYuls pue ybuis

(0107) eyuIs pue ybuis

(0107) eyuis pue ybuis

(9107) “Ip 12 ekeN
‘(S10T) ewJeys pue 1Uo0D (5107)
“ID 12 1A2@ ‘(010T) eyuls pue ybuis

(5107)
“Ip321A3@ ‘(0107) BYUIS pue ybuis

amyn

NL'NW ‘W) ‘W8 dv

dn

dn N
dN "M8( dH VD

dndw

M NL
4O dN T M8l

‘DD 'YV ‘Pue|s| NBY

ad

HW

AN NS

“IN NN WX W8r dH

NN dH

NL

am
dN'NLI dH '4vY

M NL

40 ‘a1 ™ W8l dH

AN

dNMNdw
amdn

‘NLHO ‘NW ‘HW
W) WM 'Y v

NL‘NW dW

9TLL9€E-€T

L6¢89¢-€C

CEVBOE-EC
'99789¢-€T

96789¢-€C

£69/9¢-€C

6£9/9€-CC

€59/9¢-€¢C

6€8/9¢-€C

619/9¢€-CC

90¢89¢-CC

8/9/9¢-CC
€68/9¢-CC
'€0T89¢-€T
‘006£9¢€-TC
S6T89€-€T '0TLLIE-ET
CLLL9E -TC

'£6789¢€-€T
'G€T89¢€-€T

£68L9¢-€C

6C¥89€-€C
'vTr89€-€T

D

1D

D

D

o4

n

D

o4

D

D

D

1D

D

D

1D

D

seadepiydeln

2eaDRLIEINLIDA

oeadelIedNLISA

oeadkeliedNnLIsA

deadepIe)

aeadeqAd01uo)

oeadelIedNLIsA

Jeadele|puR)

CLERAN (Vo] IS] )

9e38)SIYDS0|3].

seadeuljewey

seadeuljewey

seadeu|jewey

Sesdeuljewey

seadeuljewey

oeadeuljewey

"oy pjoauyj siydpin

quie W wnipaIAIAs ‘3

na1dng
ybuis'y wnyasoigns '3

na1dnrg ybuis
Kely wnyjasos uodipdopul

3100 g Y2V
X3 '|924Y) b3I|p16ap bLLULI]

*Bay [ (ydv)
bjoauuniq b>ayjouavyd

‘oY ('S19d)
wnaJauid wnjuaiAdpip)

plouy
('s3}21@) 10]02U0D DLID]IPUDD)

JBINO 'H (14'YL) sauibniay >

}°0d 7B 19U |°4eH
("dwiaay]) bacoud popjdojp>

qlex
('JAN) buniosd viosdoipiobg

‘[D 32 Yo1usIy
(1AN x3>jon]) sijpipawi g

epzaA (44) bIopuUnUl g

EPZaA R YHIM
‘A ('940Y|) bupipjouIp pUIPIDDY

uq|yez (1AN) sijpipawaqns g

qlyez
(*Bay ") Suadsayni g

‘Le

[z

9T

'S¢

x4

6l

8l

International Journal of Plant and Environment, Volume 10 Issue 4 (2024)

100



Lichen Flora of Punjab

(8107) a4dn
19 ledfeg ‘(0L07) eYuIS pue ybuIs

(8107) n21dn 13 1edfeg

(8107) 1a1dn 73 tedfeg

(5102) “|p321A9Q '(SLOT) BWiRYS
pue 1uoD ‘(0107) eYulS pue ybuis

(0L07) eYUIS PUR YBUIS

(5107) ewieys
pue 1u0D (0107) BYUIS PuUE YBUIS

(€107) na1dn pue
exeAeN ‘(0102) eyuls pue ybuis

(0107) eYUIS pue yHUIS

(0L07) BYUIS PUR YBUIS

(S107) ewiRYyS
pUE 1uOD ‘(010Z) _YUIS pue ybuIs

(5107) ewueys
pue 1uoD ‘(0107) eYuls pue ybuis

(0102) eyuIs pue ybuis

(€1027) n21dn pue exeleN

(0107) eyuis pue ybuis

(9107) “1p
12 _IYSIAl “(0LOT) _YUIS pue ybuis

0102 eyuis pue ybuis

N NL'TY "40 "HIW
dIN "V W dH

N NL'H ‘Y3 dH
N ry

ZN S8 dW dH 'V
am

N 4N ‘NL YO ‘NW
dIN 'V W dH

N dn

'NL'TY "0 dIN “TH
W31 'S8T 'SV "4V
NL'HIN dW
“DIWBI dH VD 'SV
am

N 4N ‘NL'TY “IN
NINHIN ‘Y3 ‘8
MmN

40 ‘N "HIN '>¥58¢
dv ‘puels| NBY

HW dH

AN dN M-M dH ‘YY
MNdn

NS ‘NW e dH
dN ‘HW dIN dH

dn

dH

dNMN°NL

NN WM dH

£0C89¢-€C

£C9L9¢-CC
'068£9¢-€T

9/8/9¢-€C

919/9¢-cC

6CC89¢-CC
'vTT89¢€-€T

9¢9/9¢-tC
'91£19¢€-€T
'97T89¢-€T

8EVBIE-ET

LEVBIE-EC

clLe8ot-€C

80789¢-¢¢C

94789¢-€¢C

95789¢-€¢

§/789¢-€C

¥08/£9¢€-CC

¥6/L9€-CC

¥09/9€-€C
'999£9¢-€T
'75T89¢-€T
'S1819¢€-€T

D

D

n

D

D

D

D

1D

D

1D

1D

o4

o4

o4

o4

o4

okade|Ned0.I3lS

okade|Ned0alslS

oe3De|Ned>03.31S

okodelouedoT

oksdelouedoT

oksdeiouedoT

oeadelouedaT

geadelouedaT

oksdeiouedoT

seadeiourdd

oeadelouedaT

aeadedsAyd

aeadedsAyd

aeadedsAyd

aeadedsAyd

aeadedsAyd

AN supdy1qo; 7

qi1ex B XiI3 b3pqo| -7

‘beeg
(eppaz) bubiriaxoN3| bLPIdaT

Iqyez poidody 7

opoug pxajdiad ]

‘quazIlS DAjaY T

"IAN pi230IDJYD *T

‘1963 ('Yavy) bipiuabip 7

uauesey buipup 7

yasquin bgip 7

‘|AN pouy2p IoUDIFT]

qlex
(‘JAN X3 2Nn]) DjjOdUAS "H

(yasemy ‘Q'q (994) Jouiw H

Biaqow pavipisi'H

IyIsemy ‘a'd
(Bay “IRIN) ipapd0IyIIAd
DA 3DUNINIBPD "H

1190d 18 1ajoylkely
"H (¥40}4) p1pUIINbpD IDA
pipunnibpo bisAydiadAH

VA4

o

14

474

€

w

‘v

6€

8¢

9¢

13

Ve

€e

e

101

International Journal of Plant and Environment, Volume 10 Issue 4 (2024)



Lichen Flora of Punjab

(#2oz) “Ip 32 AOuleN

(0102) eyuis pue ybuis

(0107) eyuis pue ybuis

(0107) eYuIS pue ybuis

(€£107) 121dn pue exeden

(0102) eyuis pue ybuis

(#20T) “Ip 12 _AINEY

Jaded juasaid uj

(¥zoQ) “Ip
12 eAiney “(010T) eyuis pue ybuis

(£107) 1=adn pue
eyeAeN ‘(0L0T) _YulS pue ybuis

(0107) eYuIS pue ybuis

(0107) eyuIS pue YbUIS

(0T02) “|p 12 RAYSIN

(€£107) n24dn pue exeleN

(€107) 321dn pue exedeN

ad

dH

NLMS “IN
‘NW ‘HW dW dH 4

rd

dn

dN dIN“W8r

ad

ad

amdn N

NLMS T4 “IN ZW
‘NW ‘HN dW “TX
WY WM dH 'SY "4V

dN MN MM dH

GM‘ON ‘NW

amdn

MN'NLYS ‘rd "d0
“IN'NW "HN dW “TH
W) WM dH 'SY dV
dNMN°NL

S ‘T4 "HO dN "Hr
WBM ‘dH 49 'SV 4V

dn

dn

50¢89¢-€C

€6¢89¢-€C

6/,//9€-CC

VCLL9¢E-€C

988/9¢-¢C

SEY89E-€C
'209£9¢-€T

8€¢89¢-C¢C
'6TLL9€-€T
'7€8.9¢€-€T

0€v89¢-€¢

6GC89€-€C
'€9789¢-€T

69//9¢€-CC
"[TL19¢€-€T

88/9¢-CC

869/9¢-CC

§C9/9¢-€C
'08789¢-€T
'08789¢-€T

99//9€-€C

69/9¢-€C

1D

T5)

o4

o4

o4

D

o4

o4

o4

04

D

o4

1D

D

1D

seadeliesnyiag

aeadelpy1adAil

aeadedsAyd

aeadedsAyd

oeade|nyjad

seadeulydr

aeadedsAyd

aeadedsAyd

aeadedsAyd

aeadedsAyd

oksdelnesnlsd

seade|jawieq

CLEERANVRCIET]

seadeydesbadp

aeadeydesbadQ

epeseH ‘H 13 Aynedd
‘IN'd bID121D0D bULIOd

suleH ")y (dway)

wiNaJaup0q|p wnipLawAjod

"IAN sap1oooqii d

ybuis y'sm

1yisemy ‘'@ sisuanqp pidsAyd

‘qley (es 4y

19png) bjos1340 pjnyjadoyAyd

naidn wnaipur wndsiiAyd

‘Iss311yspU o

Biaqon

("jydsasa) stubisui +d

B1aqow (yay) pinpidsiy o

Biaqo (1AN)

pipdizsuod pidsAYdoavyd

2d

(‘yov) bopjdola) bLPSN}IA]

3leH (1AN)

winsolpaiosapid pwaijowipd

InH 13 21dn “Jpuoy

"A'S (‘YY) abisspq sisdoLiauxQ

'Z}43 bUD2AIp|PW "0

2N | babisp bydpibado

9

‘09

'6S

SS

€S

¢S

‘LS

International Journal of Plant and Environment, Volume 10 Issue 4 (2024)

102



Lichen Flora of Punjab

Singh and Sinha (2010)

AS, GA, KA, KL, MP,
MH, MN, OR, TN,
UP, WB

23-368236,
22-367798

Fo

Caliciaceae

Pyxine cocoes (Sw.) Nyl.

Singh and Sinha (2010)

MN, UP

23-368207

+

Cr

Physciaceae

Rinodina exigua (Ach.) Gray

64.

Kumar et al., (2021)

up

23-368237,
23-367870

Cr

R. indica Vishal Kumar, R.
Ngangom & Nayaka

Physciaceae

23-368234,
23-368433,
22-367635

Singh and Sinha (2010), Goni and

Sharma (2015)

AP, HP, J&K, MP, SK,

UP, WB

+

+

Cr

Physciaceae

R. sophodes (Ach.) A. Massal

In present paper

KA, TN

23-367622

+

Stictidaceae

Stictis sp.

67.

Singh and Sinha (2010), Nayaka

and Upreti (2013), Goni and

Sharma (2015)

J&K, MN, UP

23-367764

+

Cr

Verrucaria margacea

Verrucariaceae

(Wahlenb.) Wahlenb

Abbreviations: G.F: Growth form, SUB: Substratum, Cr: Crustose, Fo: Foliose, C: Corticolous, S: Saxicolous

1. Amritsar 2. Ferozepur 3. Gurdaspur 4. Hoshiarpur 5. Ludhiana 6. Pathankot 7. Sahibzada Ajit Singh Nagar
A&N Island: Andaman & Nicobar Island, AP: Andhra Pradesh, AR: Arunachal Pradesh, AS: Assam, BR: Bihar, CG: Chhattisgarh, GA: Goa, GJ: Gujrat, HP: Himachal Pradesh, J&K: Jammu &

Kashmir, JH: Jharkhand, KA: Karnataka, KL: Kerela, KT: Kolkata, LD: Lakshadweep, MP: Madhya Pradesh, MH: Maharashtra, MN: Manipur, MZ: Mizoram, NL: Nagaland, OR: Orissa, PB: Punjab, RJ:

Rajasthan, SK: Sikkim, TN: Tamil Nadu, UK: Uttarakhand, UP: Uttar Pradesh, WB: West Bengal

H
i
3
H

Fig. 3: A heatmap featuring a dendrogram displays the presence
or absence of lichen families across different districts of the Punjab
region.

Conversely, districts like Amritsar, Ludhiana, Ferozepur and
Sahibzada Ajit Singh Nagar reported the lowest species count,
each with only a single species represented by red color. The
sparse lichen presence in these areas is likely due to heavy
urbanization, limited rainfall, high temperature, and extensive
agricultural activity, which disrupts suitable substratum for
lichen colonization. In districts such as Jalandhar and Kapurthala,
only a few lichen species were observed and photographed,
while the remaining districts of the Malwa region completely
lack lichens and are represented by white colorin the polar heat
map. The probable reason for the poor or absence of lichens
in this region may be due to lower elevation ranges, lack of
a suitable host, harsh environmental conditions and higher
anthropogenic activities such as intensive agriculture, stubble
burning, excessive fertilizer use, industrial waste, heavy vehicular
emissions and pollution from brick kilns (Kaur and Singh, 2022).

A heat map with a dendrogram was prepared to show the
presence or absence of lichen families across different districts of
the Punjab region. In which the blue color depicts the presence
and the red color depicts the absence of families (Fig. 3). Among
the 20 lichen families documented in the state, the Physciaceae
demonstrates its dominance with 14 species, followed by
Ramalinaceae (10 spp.), Monoblastiaceae (8 spp.), Lecanoraceae
(8 spp.) and Verrucariaceae (6 spp.) are represented by blue
color region in the heat map. The families Arthoniaceae,
Candelariaceae, Coniocybaceae, Graphidaceae, Lichinaceae,
Parmeliaceae, Pertusariaceae, Peltulaceae, Stictidaceae,
Trypetheliaceae are each represented by a single species. Within
Physciaceae, four genera are present. Verrucariaceae, Caliciaceae
and Ramalinaceae each contain two genera. Most of the Malwa
region districts show complete absence of lichen families which
are represented by the red color region in the heat map.

The availability of suitable substrate primarily influences
lichen distribution. In the present study, the most lichen (57
spp.) were corticolous, followed by saxicolous (11 spp.). The
Shivalik Hill's green belt, characterized by diverse phorophytes,
harbors a significant number of corticolous lichens. These are
predominantly found in the state due to the favorable conditions
in this region. Conversely, the absence of appropriate substrata in
other districts is attributed to extensive anthropogenic activities
and intensive agricultural practices, which hinder lichen growth.
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Fig. 4: A pie diagram with different radius spokes represents the presence of lichen taxa across different elevation range.

Lichen growth forms serve as significant indicators of the
surrounding environmental conditions. The Variations in growth
forms across different districts of the state can be attributed to
the varying rainfall patterns, with higher precipitation near the
Shivalik hills and lower rainfall in the western desert regions.
This study indicates that crustose (50 spp.), are predominant in
the area, followed by foliose (15 spp.) and leprose (3 spp.). The
state experiences a tropical, semi-arid climate, with a subtropical
monsoon season characterized by cold winters and scorching
summers, and total rainfall ranges between 250 to 1000 mm,
which contributes to the dominance of crustose lichens. The
lichens are known to endure high humidity conditions and
simultaneously exhibit mechanisms to prevent over-saturation
(Lakatos et al., 2006). The prevalent foliose growth forms in the
region are primarily represented by Hyperphyscia (5 spp.) and
Phaeophyscia (4 spp.). The genera Bacidia (9 spp.), Lecanora
(8 spp.), and Anisomeridium (7 spp.) also exhibit a significant
presence. Lepraria (3 spp.) is the sole genus representing
the leprose growth type. Fruticose lichens are absent due to
inadequate conditions in the lower elevation regions of the state.

The variations in the distribution of growth forms indicate
the dynamic nature of the area’s ecosystem. The elevation
ranges provide insight into the growth forms of lichen species.
The state is surrounded by the Shivalik hill region, ranging in
elevation from 180 to 600 m. To showcase the presence of lichen
taxa within different elevation ranges a pie chart with distinct
radius spokes was made. The length of the spoke represents
the elevation range and the color indicates the different lichen
species. The longer the spoke, the higher the elevation range,
representing the presence of lichen species across different
elevations in the pie chart (Fig. 4).

The present exploration of the state is the first attempt
after years of research gap, to get a clear picture of lichen
diversity. Therefore, the present findings are valuable in context
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to the availability of lichens and their distribution within the
state. Future exploration in the major Shivalik hill ranges and
phorophyte-diverse regions of the state will undoubtedly
increase the known lichen diversity. This study also provides
a baseline date for future environmental pollution monitoring
studies in Punjab.

Despite a long history of lichenological studies in India,
few reports of lichen species from Punjab were known. This
study addresses this research gap by providing an updated and
comprehensive checklist of lichens from the state. Additionally,
this study provides consolidated reports on lichens from the
state to the Department of Forest and Wildlife Preservation
and the State Biodiversity Board of the Government of Punjab

=
3]

.
°

Scale: (a-c) =2 mm and (b) = 10 um (d) = Tmm.
Fig. 5: (a, b) Chaenotheca brunneola (c,d ) Phaeophyscia insignis
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Taxonomic Accounts

Table 2: Key to the lichens of Punjab state

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Thallus fOliOSE OF SQUAMUIOSE. ... .u ittt ettt et et ee et et et et e et e b et et e te e ee e ee e aeaae b ee s eesee e e e ean e aeaneaneaeaerevn s s

oL 1T el U 1 (o R T 1= o T 1T 17
Thallus squamulose and photobiont blue green alga.............cccccoeviiiiiiiiiiiieiiieeeeeveeneenee. . Phyllopeltula corticola
—Thallus foliose and PhotobioNt Gre@N Alga. . ......vuniiniiii it et 3
Upper surface of thallus YelloW COION. .....i.iin i et e e e e e e e e Candelaria concolor
—Upper surface of thallus OtNEIWISE. .........ueiiitii e e e e e e e et e e ere e e e e eeeeeane s e s
Hypothecium brown tO dark DIrOWN. ... ... e et et et e et et e et e e ee et e ae e 5
— Hypothecium hyalin@to Pale YeIIOW. . ......evniiii it e e e e e e e st e e e e e a s 6

Thallus adnate to the substratum, rhizines lacking..........cccccceiiiiiiiiiii i Dirinaria aegialita
—Thallus loosely attached to the substratum, rhizines present............ccooooiiiiiiiiiii Pyxine cocoes

Lobes larger, lower surface black in center and rhizinate, brown towards margin and lacking rhizines
e ...Parmotrema praesorediosum
- Lobes smaII Iower surface black rh|2|nes present thought out the surface ........................................................... 7
Lower cortex of thallus paraplectenchymatous or prosoplectenchymatous. ...........cccoeuiviviiiiiiiiivcnin e .8
—Lower cortex of thallus prosoplectenchymatous or absent. ... .......oiiiiiiiiiiiiiii e e e e ve e e e 3
Thallus containing atranorin, upper CoOrteX Kt YellOW. ... .c.viuiitiriiii e e e e 0D

—Thallus lacking atranorin, UPPEr COTEX Kn. ...ttt ettt e et e et e e e e e eeaeeaaes 10
Lobes 1-2 mm wide, upper surface whitish grey, soredia marginalto laminal...................................Physcia abuensis
- Lobes 3-10 mm wide, upper surface grey, soredia marginal only............cooviiiiiiiiiiinininnieeieeens Physcia tribacoides
Thallus having soredia, lower surface whitish to pale browntobrown...................ocoii e .
—Thallus lacking soredia, lower side pale brown.. .......................Phaeophyscraconstlpata
Lobes broader more than 2 mm wide, soredia granular and bIack Iong rhlzme veereennennene.... Phaeophyscia hispidula
- Lobes narrower less than 2 mm wide, soredia otherwise and rhizines shorter..........c..coocoiiiiiiiiiiiiiiiien 12
Lobes 0.5-1.5 mm wide, upper side greenish grey, lower side white.. veevernerennn.. Phaeophyscia nashii
—-Lobes 0.1-0.5 mm wide, upper side grey to grey brown, lower side whlteto paIe brown ................ Phaeophysciainsignis
Thalluslacking sorediaand isidia. ............eueviirieiininiiniri e e e e e e ee e e e HYPEIDAYSCIG SYNCOllO
—Thallus having SOredia OF ISIIA. . ... ...ttt e ettt et e e et et e it e e et e e se et e e se e et esen e eeee e 14
Thallus having isidia, isidiacyIindricaI...................................................................................Hyperphysciaisidiata
—Thallus NaViNg SOMEAIA. ... et et ittt et et e e et et e et et e e ee it et e e eenaa e e .15
Prothalluspresentatlobesmargln Hyperphyscramlnor
— Prothallus absent at [0S Margin.........u i e e et e e et et e e e et et eet e e e e e et eenaaes 16
MedullaWhite .....cooviiniiiiiiii v e e e ee e HYpEEDRYSCIG adglutinata var. adglutinata
—Medullaorange orred....... oot e Hyperphyscia adglutinata var. pyrithrocardia
LI = 1 T LT T YT PSPPI -
= THAIIUS CIUSTOSE. ... ettt ettt e et e e e e e e et e ettt et et ee e ee e se e ee e sne e bn e aa e bneanes 20
Thallus containingatranorin............ crrnl19
- Thallus lacking atranorin, contalnlng usinic acrd and zeorin, atranorln absent Leprar/a leukertiana
Thallus containg atranorinand zeorin............ ........................................................Lepranalobata
—Thallus containing atranorin, constictic, stlctlcaads and ZEONIN . ¢t ee ittt ettt e e ea e Lepraria lobificans
Thallus with blue-greenalga.........cceceuviiiiiiiii et ee e e e e e s e e s PRYIlISCUM indlicum
—Thallus With Gre@N alga. . ....o. e e e e e ee ettt et e et ee it eeeeae e en e eeaeeneenaesanennennseesennn 2]
Ascomataapotheaaorllrellae USSP
— Ascomata sunken in verrucae orperltheaa ................................................................................................. 53
Thallus havingapOtheCia. ... .e. ettt e e et ettt et eees e et e e aeee e s e e e e ae s ee s s 23
—ThalluS haVING IIrEIIAE. .. e e e et et et e et et eea e e ee e e sstea e e ae e e e aa e s 51
Y o Yo} g Y=Yl =Y [=T e 1 o 1o =SSP
— APOTNECIA [ACIABINE. ...t e e e e et e e e e et e et et e e et e e eetee e ee e b e et e e ee e bn e e ee e 34
Thallus containing atranorin, K+ YEIOW. .....c.viuiiuire it ae e 25
—Thallus lacking atranorin, K-........ et e e et e e ee et e e ee e Rlnodlna indica
Ascospores hyaling, SImple ellipSOid. . ........eueiiii e ettt ee e et et re s ere e eeee e en e en e 00 20
— ASCOSPOTreS DroOWN @nd T- SEPTATE. ... e et ettt et et ettt e e et et e e e e et et e e e tete et e eaaans 33
Thallus coNtaiNiNG USNICACIT. ... .euueniet et ettt ettt et et ettt te et et et ee e e e et e ee et e e s ae s aenee s ee s e eene s i 27
—Thallus [aCKiNG USNICACI. . .e.ee ettt e e e et e et et e et e et et e b et e e naet e et e e ae et e e eaees 28
Thallus containing 2'-O-methylperlatolic acid, apothecia pale browntoorange...............................Lecanora achroa
- Thallus lacking 2'-O- methylperlatolic acid, apothecia disc red-brown to brown..............ccooviiinnane. Lecanora alba
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28. Thallus containing 2'-O-methylperlatolic acid, apothecia disc pale brown toorange..............................Lecanora helva

- Thallus lacking 2’- O-methylperlatolic acid, apothecia Otherwise ............ouviiiiiiiiiii e 29
29. Thallus containing chloroatranorin (PD+ yellowish orange), apothecia sessile...................................Lecanora andina
—Thallus lacking chloroatranorin (PD-)........ccu ittt ettt e e ee e 30
30. Epihymenial pigment dissolvVing in K..........ouiitiini e e Lecanorachlarotera
- Epihymenial pigment notdissolvinginK.................. .31
31. Thallus containing gangleodin, apothecra dISC paleto dark reddlsh brown .................................. Lecanora argentata
- Thallus lacking gangleodin, apothecia disc pale to dark reddish brown...............ooiiiiiiiiiiii e 32

32. Apothecia smaller (0.3-1.0 mmin diam.) and large crystals presentin amphithecium ......................Lecanora perplexa
- Apothecia larger (1.3-3.2 mm in diam.) and small and large crystal present.............c..c..c..cuue...........Lecanora tropica

33. Ascospore locules simple wall uniformly thickened............coooiiiiin e Rinodina sophodes
— Ascospore locules mischobastimorphic, wallirregularly thickened............c.oooeiiiiiiiiiii Rinodina exigua
34, Apothecia with stalk.. B PSP PPUPPPRPPRPRRNIN @ oI« [=J lo11 g [-Iate Rel (V[ g1y L=le) 2]
—ApotheC|aW|thoutstaIk PP OURPPRP: 1.1
35. Ascospore pale brown to dark brown 1 septate to submurlform cieeiteiieieteeieeneee e Amandinea subduplicata
— Ascospore hyaling, SEPtate OF OTNEIWISE. ...... ..ttt e e e e e e e et et et et ee e ae e ae e een e 36
36. Thallus containing parietin, ascospores polaribilocular to trilocular...... ..o 37

—Thallus lacking parietin, asCOSPOres OthEIWISE. ... ..ciuiieiiie et ee et e e ee et e et eetee e eeeae e e e e ee s eee s aenees 3O
37. Thallusisidiate, yellow orange toyellowish grey...........cccooiiiiiiiiiiiiiicni i e e ene e OXnERIOPSIS bassiae

- Thallus lacking isidia, whitish grey... . PO RPPPUPPRIPRORPRRL: 1=
38. Thallus UV+orange, ascosporestrllocularthalllnemargrn persrstent rrttett e e snesneeeeeeeeen e Caloplaca crocea
—Thallus UV-, ascospores polaribilocular, thalline margin absent............ccoovviiiiii . Caloplaca ferrugines

39. Thallus non-lichenized fungus, ascomata urceolate, rounded, chroodiscoid...........cccccoevieniinieieiiniine e, StCES SP.
—Thallus lichenized fungus, ascomata Otherwise. ..........ooeuuiitiiiiii e e e a2 A0
40. ThaIIusecorticatedascocarps,sunkeninthethallus....................................................................... .Arthonia sp.
—Thallus corticated, ascocarps notsunkeninthethallus.............ccoiiiiiiiiiiiii e A1
41. Thallus growing on rock, ascospores 30-46 X 0.8—1.6 UM IONG.........ccvuiiuiiiiiiiini e, Bacrd/naarnold/ana
—Thallus growing on bark, ascospores different SIZe..........o.eier i e e e e e e e eee e 42
42. Ascospore rod shape to fusiform, transversely 2 -5 septate.....................................................Bacidiaincongruens
- Ascospore otherwise... S PP PPP PRI &
43. Thallus granulose, furfuraceous ascospore 3 5transverse|y septate et et e ee e e e Bacidina medialis
—Thallus otherwise, ascospore more than 3—- septate44
44, [ o4 [=Tal U001 G oA Vo] [ S OO PP PP PP
el = o118 =Tl 11 o 1 S 46
45. Hypothecium paleyellow,ascospores 9—15septate. .........euviueiuiniiniinieiieieeienieeie et e e e e e e Bacidia alutacea
— Hypothecium hyaline, ascospores 3 — 7 septate..........c.ceueiiviiiiiiiiiiiieieneeiceeeee e ee e oe e Bacidia beckhausii

46. Hypothecium hyaline... B PPN ¥4
—Hypothecium paleyellowtopalebrown e 48
47. Thallus yellowish green, ascospores3septate 27 45 ><1 6—24um Iong ....................................... Bacrd/na/nundata
— Thallus grey, ascospores 10-15 septate, 54-80 X 3.2=4 UM [ONG. ... euiueiieniriieeiteiei e et Bacidia rosella
48. Hypothecium Pale YelloW. .....c.coniinie e e e et ee e e ettt et e e e e er e eeteveae s ae s een s seen4O)
—Hypothecium pale brown............ PN 1
49. Thallus greyish, ascospores fusrform 5 7septate 25 32><30 35um Iong teeerieeneeneeneene.Bacidia nigrofusca
—Thallus greenish grey, ascospores acicular, 6 —12 septate, 40-64 X 2—6 UM ONG.......oeenvenienieneinenneen. Bacidiospora psorina
50. Apothecial disc yellow brown to reddish brown, ascospores red shaped, 20-25 x 3-3.5 um..................Bacidia rufescens
- Apothecial disc pale brown, ascospores acicular, 31 =40 X 3 -4 pm.. e errtee et e e eeee e e Bacidia submedialis
51. Lirellae partially or completely covered by thallus, hymenium with orlglobules ................................. Graphis lineola
- Lirellae completely naked, hymenium otherwise .. PPN, ¥
52. Lirellae white pruinose, ascospores aC|cuIartoqu|form 4 55eptate 12 15><4 Sumlong .........Opegraphaastracea
—Lirellae epruinose, ascospore acicular, 3 septate, 16-20 X6 -7 UM IONG.......ccovveriiiiiiiineieeninnn, Opegrapha maldiveana
53. Thallus verrucose, ascomata SUNKEN INVEIMTUCAE. ... ...uuiutiiiiieteeiieeeiienit et e e et e e ee e ee e e e PEIEUSarTA leiOplaca
— THAllUS OtNEIWISE. ... ettt ettt e e et ettt e et et et e e e e e e e et s ae s ae s ae e ae s ae e an e ae e 54
54, Thalluscorticolous.. OO PO 11
—Thallussaxrcolousorcalacolous OO O PP PP PPN o -
55. Ascospore brown and murlform ................................................................................Endocarponsylicalum
—Ascospore hyalineand 1-11 septate PRI 1
56. Ascospore 7 - 11 septate, 30-64 X 6— 12um|ong ettt e e se s sne s ee e e e e e e e e e o1 o POlymMEridium albocinerum

—Ascospore 1 -3 septate, 9-52 x 4— 24um|ongS7
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57. Both cells of ascospores equal in size, ascospores with warted epispore..................cceevvverenee..... JACrocordia conoidea
- Both cells of ascospores unequal in size and ascospores without warted epispore ..........ccoeceeveieeieeieeiieiese e e .58
58. AscoSpore SMall 9 — 15X 4 =5 M. ...ttt e e ettt e et et ee e ee s eeae e e e e e eeee - JANISOMETiDiUM albisedum
— ASCOSPOIE |Arger 15 =52 X 524 UM ...ttt ettt et ettt et et et et et et et et et et e e e e e e e e e e ee e e e 59
59. ASCOSPOIE 3= SEPLALE. . v etienite ittt ettt et e et et et e eeee e e e e e e e e ARISOMErSAiuM quaternarium
e Vo k] o Yo T f I B Y=Y o - | < PN 60
60. Ascospores ornamented and oval to pyriform................................................................Anisomeridiumadnexum
—Ascosporesotherwise. .. . vt .01
61. Ascospores biseriate by arranged inascus.. . TN veeeen62
— Ascospores uniseriate by arranged in ascus, ascospore 20 30 X 7 12 MM e Anlsomerldlum subnectendum
62. Ascospores broadly ovoid, 42-52 X 20-24 [M.......eiitiriiriineieieee e siree it et e vte s ee e ee v eeee e ee - e s LANISOMeridium nidulans
— Ascospores fusiform, 26-34 x 8-11 um..........................................................................Anisomeridiumsubnexum
63. Ascosporestransversely 1- 3 septate... o064
- Ascospores simple or muriform... . vereee .05
64. Ascospores 1-septate, spindle shape 15 19><5 8um ...................................................... An/somer/d/umcalacola
- Ascospores 3-septate, fusiform to fusiform cyllndrlcal, 1519 X 3=5 UM..uctiiriiniieiieeieeeeeee e i e e e eeen s s POTING COartata
65. Ascosporesbrownandmuriform... . B RN o
—Ascospores hyaline, simple, 18— 32><9 12 um.. . ...Verrucariamargacea
66. Squamules upto 7 mm across, lower side ofthallus pale ascospores oblong . ...Endocarpon rosettum
-Squamules upto 2.5 mm across, lower side of thallus black, ascospores globose to eII|p50|daI ...... Endocarpon subrosettum

1. Chaenotheca brunneola (Ach.) Mull. Arg., Mém. Soc.

Hist. Geneve 16(2): 360 (1862) (Coniocybace) (Fig. 5a-b)

= Calicium brunneolum Ach., Kongl. Vetensk.— Acad. Nya HandlI.
4:279 (1816).

+ Description

Thallus corticolous, immersed, rarely episubstratic, grey to
greenish-grey and granular; ascomata apothecia stalked, stalk
black shiny, sometimes branched and carrying 2- 5 capitula,
capitulum spherical to obconical, mazaedium brown; asci
8-spored, variable shape, estipitate, with uni- to biseriately
arranged spores, produced in chains with hooks or cylindrical,
well-stalked with uniseriate spores; ascospores spherical-
ellipsoidal- cylindrical, smooth or with irregular fissures, spore
wall pale brown to brown 11-13 x 2-3.5 pm.

« Chemistry

Thallus K+ yellow-red, C -, KC -, P —; UV+; Baeomycesic acid and
squamatic acid present in TLC.

« Representative material examined

India: Punjab: Pathankot district, village Phangtoli, elev. 515 - 540
m, on bark, 26.02.2022, Naincy, 22-367679 (LWG).

- Distribution and ecology

The species was collected from the Pathankot district of Punjab
state and found growing on bark at an elevation of 515 -540 m.
Chaenotheca brunneola was first reported from Japan after that
it is widely reported from both temperate and cool temperate
areas of both hemispheres such as Africa, Australia, Eurasia,
North America, Central and South America (Tibell et al., 1982). It
is now reported as a new record for Indian lichen biota.

o Remark

Chaenotheca brunneola is a quite variable species characterized
by its small spores, medium-sized ascomata, the association
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with a trebouxioid photobiont, and the usually P + yellowish to
yellowish red thallus. The thallus may be immersed or superficial
and granular to farinaceous. Chaenotheca ferruginea differs in
having a grey thallus which frequently is provided with yellow
to red spots and by having larger spores whereas Chaenotheca
trichialis differs in having a P — thallus and Stichococcus as
photobiont (Tibell, 1996).

2. Phaeophyscia insignis (Mereschk.) Moberg, Bot. Not.

131(2): 261 (1978).

(Physciaceae) (Figs. 5¢-d)
= Physcia insignis Mereschk., Annuaire Conserv. Jard. Bot. Geneve
21:191 (1919).

+ Description

Thallus corticolous, foliose; lobes loosely attached to the
substratum, 0.1-0.5 mm wide; upper surface whitish grey
to pale grey-brown, epruinose; sorediate, soralia laminal to
submarginal; ascomata apothecia rare, lecanorine, upto 1.5 mm
across, thalline margin sometimes with a corona of rhizines; asci
8-spored; ascospores brown, 1- septate, ellipsoid, 17- 24 x 8- 9
pm, Physcia- type. Pycnidia not observed.

«  Chemistry
Medulla K-, C-, KC—, P-; UV—; No lichen substance presentsin TLC.

+ Representative materials examined

India, Punjab: Punjab, Pathankot district, village Phangtoli, elev.
514 - 522 m, on bark, 08.10.2022, Naincy, 23-368430, 23-368431
(LWQG).

« Distribution and ecology

The species was collected from Pathankot district of Punjab
state and found growing on bark at an elevation of 514-522 m.
Earlier, this species was known from North America and Europe
(Moberg, 1995). It is now reported as a new record for Indian
lichen biota.
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«  Remark

Phaeophysciainsignis is closely resemblance to Phaeophyscia nashii
Essl.,in having white lower surface but the former species differs in
having minute lobes of size 0.1- 0.5 mm. Phaeophyscia constipata
(Nyl.) Moberg, is also close with the present species with white
lower surface but the P. constipata lacks vegetative propagules.

CONCLUSION

As per previous records, there were only 24 species of lichens
were known from punjab state .The present study further
added 64 species to the lichen biota of Punjab which includes
Chaenotheca brunneola (Ach.) Mill. Arg. and supports total
88 species of lichen diversity from the punjab state and
Phaeophyscia insignis (Mereschk.) Moberg as new records for
India lichen biota. The occurrence of 68 species with in the
state clearly indicates the topography of the area. The extensive
survey of lichens in the adjoining areas will definitely contribute
more taxa to the lichen flora of the region and definitely explore
more endemic lichens from the areas. The present enumeration
of lichens will act as a baseline data will be helpful in carrying
out future lichen resource survey in the area.
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