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« Qrganism or ecosystem?
« Mycobiont (fungus)
— Ascomycota ~95% lichens
— Bacidiomycota ~5% lichens
« Photobiont (photosynthetic partner)
— Green alga (Chlorophyta)
— Cyanobacterium (“blue-green alga”)
— Both
« Endolichenic fungal and bacterial colonies

« Systematic classification based on the
mycobiont




Lichens look very different
from their individual
components and
produce unique
morphological and
anatomical structures

Xanthoria parietina thallus
and mycobiont in culture



Pioneer organisms in the
succession of ecosystems

Indispensable elements in the
water and nutrient cycle:
lichens store water up to

800% of their dry weight and
cyanobacterial lichens fix

atmospheric nitrogen

Chemical properties that are
useful in the pharmaceutical
and perfume industry

We can eat lichens...
(although they don't taste so good)

Bioindicators of environmental
pollution and ecological continuity



What do lichens look like?

crustose foliose
(Arthonia) (Leptogium)
squamulose ’ fruticose
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Where do lichens live?

soll bark
= terricolous = corticolous
(Dibaeis) (Haematomma)
rock MOoSsS
= saxicolous = muscicolous
(Porpidia) (Gomphillus)
wood leaf
= lignicolous = foliicolous

(Canoparmelia) (Mazosia)




Lichen diversity!

* 5400 species in the US and Canada (Esslinger 2014)

« 1000 taxa reported in North Carolina

« 470 taxa reported in NC Piedmont

« 15 counties adequately sampled — tally could be much higher

A Cumulative Checklist for the Lichen-forming, Lichenicolous and

Allied Fungi of the Continental United States and Canada

Vers. 20

The count for this current online version (#20) is 5,388 total species in 720 genera, with an additional 43 subspecies, 47 varieties,
and 3 forms. The total species number includes 586 lichenicolous fungi (*), 79 saprophytic fungi related to lichens/lichenicolous
fungi (+), and another 55 species of varying and/or uncertain biological status (#).

http://www.ndsu.edu/pubweb/~esslinge/chcklst/chcklst7.htm
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Receive nutrients from air,
susceptible to air pollutants:
SO,, NO,, metals

Lichen health been linked to
air pollution >100 yrs

Affects include element
bioaccumulation, tissue
damage, and reduction in
populations & communities




Lichens as Bioindicators

 Many reports worldwide
document correlation of air
guality with lichen health,
species richness and abundance
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« Urban and industrial surveys e 0
conducted in Europe, Asia and ——
the Americas
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Lung lichen (Lobaria pulmonaria)



Lichen Biomonitoring Methods

e Lichen community mapping —
assessment of an area’s air
guality

e Tissue analysis — evidence of
bioaccumulation of pollutants

— In situ
— Transplant studies

* Long term studies (repeat at 5-8
yr intervals)




Lichen biodiversity index Lung cancer mortality
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Example: Southeast USA (McCune et al.1997)

Part of USFS Forest Health
Monitoring (FHM) Program

Epiphytic macrolichens (no
crusts) sampled in 203
circular plots across
Southeast (VA, NC, SC, TN
& GA) conducted in 1992-
1993

Species diversity analyzed
against air quality (SO, &
NO,) categorized broadly as
— 1) urban/industrial
— 2) rural

Results: Pollutant-tolerant
spp. and lower species
richness in urban/industrial
areas




Industrial emissions
and waste decimated
local environment

Transect study In
western NC

Greater macrolichen
abundance & diversity
further away from
copper mine & smelter
(SO, source)

Beard lichens (Usnea) L
best indicator. S e
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Copper mine and sulfuric acid plant, 1939

Scale 1:250.000



Example: N pollution impact - UK (Leith et al. 2005)

Lichen floras on oak trunks &
twigs sampled along transects
from N point sources

Mixed deciduous woodland
adjacent to poultry farm (ag
source)

Mixed conifer-deciduous
woodland abutting major
highway (vehicle source)

Categorized lichens as
acidophytes, nitrophytes per van
Herk in Netherlands (1999, 2002)

North Sea
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UK study — lichen categories

Acidophytes (acid-
loving lichens)

Nitrophytes
(N-loving lichens)

e RS, B ot
Candelaria Xanthomendoza



¢ .7 UK study - Results

« Twig communities more strongly correlated with [NH;] than trunk
communities

* Loss of acidophyte communities at lower [NH;] than invasion of
nitrophytes
« Application of macrolichens as [NH;] indicators is appropriate

among acid-bark trees of same species in areas of habitat
homogeneity

— Negative bark pH (acidity) correlates with [NH,]

* Negative correlation of acidophytes on twigs with all forms of N
deposition (NH;, NO, & Total N) suggest combined effect of N
pollution



Coal-fired powerplant study, Wyoming (Gouch & Erdman
1977)

« 35 elements analyzed in thalli
of soil lichen Xanthoparmelia
chlorochroa along upwind &
downwind transects from

powerplant

Pollutant Coeff. of Determin.
Ash yield® 0.58**

Ca* 0.77**
F 0.56**
Li 0.61**
Se 0.61**
Sr 0.91**
U 0.52**

®percent dry wt

Significance: *P <0.05; **P <0.01



Junin

. Ty
g i x> el 5% i
Umblhcana afncana Punctelia stictica Umblllcana cylmdnca

‘ﬂw o) .‘.t gy

Liquenes tipicos
y comunes ®c-1s
del area minera

.0:0" e @c-n
® ®cus

Lecldea immersa
®cu o ®c»

<9

Liquenes tipicos ; & @c:
y comunes 3 3 3 - i cas ® ‘G‘s
indiferentes .

Liquenes tipicos
y comunes

del area de control onn of n2s on-
% ® gou
cr @ mas BN
m-24

® ®g
®css @css N4 @ .u 23
n2 ‘ Ll 1 15
n-16

d nas
@®cs1 c-13 y M-11
® ®nss
7 MY O
c;‘ @C @ @ns2 ..n:j:‘?
®cs2 ca  ca2 ® n-1s

c21

Lichen community composition

@cs:
®na @®no

correlated with heavy metal
pollution in the Peruvian Andes

S ns?
® na @ nss

on-

m-13

®ona _n3
®



% 3 -
o1 St
2 o, B

Temporal Studies: Washington DC area

(Lawrey 1993)

Long term study of elements S, N and 7
metals (Al, Cd, Cr, Cu, Ni, Pb, Zn) In
Flavoparmelia baltimorensis in three sites

(MD & VA)

Demonstrates limited signs of

Improvement in air quality

1131.00

418.30
18800.00
1497.00
1.49
20.00
25.90
16.44
106.00

136.80
17200.00
2782.50
<0.20
20.00
31.80
7.36
102.50




Epithytic macrolichens
examined in 7 urban & 4 non-
urban sites in the metropolitan
area for effects of NOy, NH,
SO, & O,

RESULTS

NOy, NH; & O5 but not SO, were
found to impact lichen
abundance.

SO, effects appear to be
overwhelmed by those of the
other pollutants.
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Bioassessing air pollution effects with epiphytic lichens in

Raleigh, North Carolina, U.S.A. NET e \ ;
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Awpsmact, Lichen diversity and coverage on willow oaks were measured in 16 parks in the Raleigh

for a potental statewide lichen biomonitoring project. This study’s objectives were to assess the air
ts of the Raleigh urban airshed on these lichen communities, and determine what
methods are best for this bio: ment. Thirty-one macrolichens and 24 crustose lichens were
detected with average trunk floras of 4-20 taxa per site. Lichen communities
§ riella reflex X
beimerea and Punctelia rudecta, of which the macrolichen species a
ed, which is here desaibed as such. Th
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Preference of lichens for shady
habitats is correlated with
Intolerance to high nitrogen levels
(Hauck & Wirth 2010, Lichenologist
42(4). 475-484)

+ “We tested this hypothesis using
published ecological indicator
values (estimates of eutrophication
tolerance and light preferences on
an ordinal scale) for more than 500
central European lichen species.
Our results show that shade-
adapted lichens are indeed at the
same time intolerant to
eutrophication.”
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Highway Pollution Effects

* Transects from [-40
(polluted) and Harris Lake — {riee ¢
(control) ST

« Are lichen communities
different by site?

« Do communities change ona
across gradient with distance
from road? {

2015 Google

 What environmental factors 2
are related? i 8
| . ,;I,' l:._.s;w\

R e 2 :ff FLUhS T il




Results

Full Set (All Trees)
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4 .7 Results

Lichen diversity as a response to ambient NO, concentration

Lichen Diversity Ambient Alr N0 Linear relationships:

NO, vs. lichens
(this study)
r-=0.786, p = 0.0002

Whole Trunk Traffic vs. lichens
T (Perlmutter 2010)
r2=0.260, p = 0.036

R*=0.8288

p = 0.00001
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Nitrophilous, Pollution tolerant, Pollution sensitive,

exposed urban shaded forest shaded forest

Lot Al

' Brigantiaea leucoxantha
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Leptogium corticola




Consortium of
NORTH AMERICAN LICHEN HERBARIA

Home > Morth and Seuth Caraling = North Carolina

North Carolina . Games
Authors: Gary B. Perimutter

Publication: Perimutter, G.B. 2005. Lichen checklistfor North Caralina, USA. Evansia 22(2): 51-77

Hore Details

Families: 87

Genera: 270

Species: 976 (species rank)

Total Taxa: 977 (including ssp. and var.}

Pagelor2:1]2

Family Incertae Sedis
Abrothallus hypotrachynae

ACAROSPORACEAE
‘Acarospora chrysops
Acarospora dispersa
Acarospora fuscata
Acarospora janae
Acarospora obpallens
Acarospora tuckerae
Polysporina simplex
Polysporina subfuscescens
Sarcogyne privigna
sarcogyne similis

AMPHISPHAERIACEAE
Amphisphaeria bufonia

ARTHONIAGEAE
Arthonia sp.
Arthonia albovirescens
Arthonia anglica
Arthonia bisepta
Arthonia diffusa
Arthonia kermesina
Arthonia quintaria

Options

Search:
@l Synonyms

Filter:
Original Checklist v
Display as Images
Notes & Vouchers
Taxon Authors

Rebuild List
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Consortinm of
NORTH AMERICAN LICHEN HERBARIA

Candelaria fibrosa (Fr.) Mull. Arg. »

Goto

Encyclopedia of Life...

Family: Candelariaceae

Stephen Sharnoff

Greater Sonoran Desert Lichen Flora

Nash, T.H., Ryan, B.D., Gries, C., Bugartz, F., (eds.) 2001. Lichen
Flora of the Greater Sonoran Desert Region. Vol 1. Tempe, AZ

Thallus: small foliose, up to 4 cm wide, adnate, lobate lobes:
dorsiventral, imbricate, c. 0.5-2 mm wide, often with secondary
lobes, margin £ crenulate upper surface: lemon yellow to mustard
yellow, smooth to somewhat wrinkled; soredia and isidia: absent
upper cortex: c. 5-20 pm thick medulla: white, thin lower cortex:
c. 10-35 pm thick lower surface: white to pinkish, white; rhizines:
abundant, simple Apothecia: common, laminal, sessile, up 2 mm
diam.; margin: smooth, often with white or yellow cilia; disc: darker
yellow than the thallus; epithecium: c. 10 pm thick; hymenium: c.
60-90 pm tall; paraphyses: simple or branched near the tips,
cylindrical to submoniliform with up to 5 um wide tips; hypothecium:
30-45 pm thick asci: clavate, »30-spored ascospores: uni- ar
biguttulate, colorless, 7-11 x 4-6 pm Pycnidia: common, immersed,
concolorous with upper surface or slightly darker conidia: ellipsoid,
to narrowlv ellipsoid 2-3.5 x 1.5 um Spot tests: uooer surface K- (or
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Thank you!
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