HISTORY

NATURAL
MUSEUM

1S

William Purv



Lichens

William Purvis

PUBLISHED BY
THE NATURAL HISTORY MUSEUM, LONDON




Dedicated to Peter James who has done so
much to stimulate lichenology worldwide

First published by the Natural History Museum,
Cromwell Road, London SW7 5BD

© Natural History Museum, London, 2000
Reprinted 2007

ISBN 978-0-565-09153-8

All rights reserved. No part of this publication may
be transmitted in any form or by any means without
prior permission from the British publisher.

A catalogue record for this book is available from the
British Library.

Edited by Jacqui Morris

Interior designed by David Robinson

Image front and back cover by William Purvis
Cover designed by Hugh Adams

Reproduction and printing by Craft Print, Singapore




Contents

Preface

What is a lichen?

How lichens grow, multiply and disperse
Lichen biodiversity

Evolution, classification and naming
Ecological role

Lichens in forests

Lichens in extreme environments
Biomonitoring

Prospecting and dating

Economic uses

Practical projects

Glossary

Index

Further information

Acknowledgements

19
33
46
49
56
62
76
88
92
g2
108
109
111
112




Preface

This book explores the fascinating world

of lichens. Lichens oceur almost everywhere
and the lichen symbiosis is one of the most
successful examples of two or more
organisms living together. How lichens are
formed is one of the greatest puzzles in
biology. Just as salt is dissimilar to sodium
and chlorine, so is a lichen dissimilar to the
organisms that create it. Lichen morphology,
physiology and biochemistry are very
different to that of the isolated fungus and
alga in culture. Lichens occur in some of the
most extreme environments on Earth — arctic
tundra, hot deserts, rain forests, rocky coasts
and toxic spoil heaps. Many of these
environmerts are also among the most

sensitive to destruction and pollution. Our

The author

William Purvis graduated in botany from the
University of Sheffield in 1981 and was
awarded a Natural History Museum (NHM)
Centenary studentship funded by British
Petroleum at the Royal School of Mines,
Imperial College and Botany Department, -
The Natural History Museum, London. He
took up his post as a lichenologist at The
Natural History Museum in 1988. He is

rich and varied lichen heritage is incredibly
useful in allowing us to assess what we are
doing to out environment.

Lichenology is at an exciting stage
of development, attracting great interest
from biologists, chemists, geologists,
environmental scientists and consultants,
and industry. Lichens are used successfully
as bioindicators of air quality by school
children and students throughout the
world. The rewards of understanding
lichen biodiversity are great and in the
future may lead to important technological
developments, with the discovery of new
medicines and the clean-up of contaminated
sites, as well as monitoring the health of

our environment.

principal author of the Lichen Flora of

Great Britain and Ireland and has carried
out pioneering research into why different
lichen species accumulate mertals, and

the implications for biomonitoring and
classification. He is actively involved in using
lichens as bioindicators of environmental
health and is carrying out taxonomic research

on critical groups.




What is a lichen?

Many people think that lichens are simple
organisms rather like mosses. In fact, they
are mini-ecosystems, consisting of at least
two organisms: a fungus (mycobiont) and a
photosynthetic partner (photobiont). The
photobiont, which contains chlorophyll, may
be either a green alga or belong to an entirely
different kingdom — a cyanobacterium

(a bacterium that contains a blue-green
photosynthetic pigment). Even where only
two partners are present, the association or

symbiosis is not usually a simple mixture.

Instead, it results in a distinct lichen body

LErT Lichen-covered fence ABove Boulders with

pos;t, with leafy orange lichens (Stereocaulon
Xanthoria sp., shrubby spp. and reindeer lichens,
Usnea sp. (green thalli) Cladonia spp.), mosses
and Hypogymnia sp. (Rhacomitrium, Andreaea
(pale-grey, left) and a and Polytrichum spp.)
crust-like Thelomma sp. and shrub. Parc Grandes
(black-and-white, top). Jardins, Laurentides,
Coastal hills of Northern Quebec.

California.




What is a lichen?

RIGHT Section through
Heppia adglutinata
showing algal cells (from
Schwendener 1869).

(thallus) being formed. It looks very different
from the individual partners when they are
separated and grown in laboratory cultures.
The names we call lichens refer to the fungal
partner because every lichen has a unique
fungus. The algae and cyanobacteria have
their own names and most of them occur in
many different lichens.

Fungi, and algae and/or cyanobacteria
associate in many different ways in lichens.
At one end of the scale fungal filaments and
algae coexist, as in the tropical lichen genus
Coenogonium (see p. 45). At the other end of
the scale are the majority of lichens, which
are highly organized and, without detailed
examination, appear to be a single entity. The
International Association of Lichenology in
1982 defined a lichen as an “association of a
fungus and a photosynthetic symbiont

resulting in a stable thallus of specific
scructure”. However, where several partners
occur in the same thallus, the precise role
played by each individual partner is by no
means clear.

An intriguing question is whether the
mycobiont and the photobiont benefit from
the association. Many biologists consider
lichens to be one of the finest examples of
symbiosis (two or more organisms living
together) because lichens are widespread and
the algal cells appear to be healthy inside the
lichens, Others believe that the lichen
relationship is one of controlled parasitism,
that the photobiont cells are victims rather

than partners of the mycobiont. Simon

Schwendener, a German, was the first to
discover the dual nature of lichens, In 1869,

he wrote:




As the result of my researches, the lichens
are not simple plants, not ordinary
individuals in the ordinary sense of the
word; they are, rather, colonies, which
consist of hundreds of thousands of
individuals, of which, however, one alone
plays the master, while the rest, forever
imprisoned, prepare the nutriment for
themselves and their master. This fungus
is a fungus of the class Ascomycetes, a
parasite which is accustomed to live
upon others’ work. Its slaves are green
algae, which it has sought out, or indeed
caught hold of, and compelled into its
service. It surrounds them, as a spider
its prey, with a fibrous net of narrow
meshes, which is gradually converted
into an impenetrable covering, but while
the spider sucks its prey and leaves it
dead, the fungus incites the algae found
in its net to more rapid activity, even to

more vigorous increase.

Schwendener’s views were quite revolutionary
for the time, and his dual hypothesis, as it
was called, was not accepted universally.

Indeed, it was rejected with scorn by some

of the most prominent lichenologists of the

LEFT Is the lichen thallus
a controlled form of
parasitism?

M, mycobiont;

B photobiont.

What is a lichen?

day. One of these, the Scottish Reverend

James Crombie, described it as “a romance
of lichenology, or the unnatural union
between a captive algal damsel and tyrant
fungal master”. It is easy to see how the
lichen fungus benefits from the association —
the photobionts photosynthesize and provide
it with carbohydrate. This is in the form

of sugar alcohols in the case of lichens

_ containing green algae and glucose in lichens

containing cyanobacteria. The mycobiont
may also obtain nitrogen compounds when
the photobiont is a cyanobacterium because
cyanobacteria can capture and fix nitrogen
from the atmosphere.

We do not have any evidence that the
fungus passes any nutrients to the photobiont,
but it does modify the algae and cyanobacteria
that it contains, The photobionts lose their
cell walls and do not reproduce sexually.
However, both partners share one benefit.
Together they are able to colonize many
habitats that would otherwise be out of their
reach. The fungus can live in places lacking
the organic matter that they would normally
need as a source of nutrients. Algae and
cyanobacteria, which usually live in aquatic
or moist habitats, can live in drier places.
They can also be affected adversely by high
light intensity and, given the protection of the
fungus, they can expand into environments
where light intensity is high.

Symbiosis is a very successful way of
living, but it is not unique to lichens.

Other examples are:

® Mycorrhizas — associations of fungi with
higher plants, in which the fungus lives on
the plant roots.




What is a lichen?

e Actinorrhizas — where bacteria are .
associated with the roots of leguminous
plants.

s Freshwater and marine invertebrates —
Hydra and some other coelenterates include
algae in their bodies, as do some flatworms.

Lichen fungi

Fungi, unlike green plants, contain no
chlorophyll and cannot produce their own
carbohydrates. They have developed various
ways of obtaining organic carbon compounds
from both living and dead sources
(heterotrophy). Fungi form many different
symbiotic relationships with vascular plants
(mycorrhizas). For instance, fungi may be
associated with forest trees, where they assist
in the nutrition of their host. The process of

lichenization, involving obtaining carbon
from photobiont cells, is a common mode of
fungal nutrition; around 20% of all fungi are

lichenized. Many lichen fungi produce special. .

microscopic branches (haustoria), which
penetrate the photobiont. The lichen-forming
fungi are a very mixed group. Some belong to
taxonomic groups in which all the members
are lichenized, while other groups may
contain non-lichenized relatives. By far the
largest proportion of lichen-forming fungi
(over 40%) belong to the ascomycetes, which
produce spores in a sac-shaped cell (ascus).

In nature lichen partners exist only in
symbiosis, apart from as a reproductive
spore. In laboratory conditions, however, it is
possible to take the lichen apart and grow the

two partners separately. Scientists in Europe,

e T

LEFT Orange-peel fungus,
Aleuria aurantia — a non-
lichenized ascomycete
fungus. Epping Forest,
London, UK.




Japan and North America have made
significant progress in culturing the fungus
from spores or extracts of fungal cells. In
pure culture, lichen mycobionts form slow-
growing amorphous colonies, which are quite
different in appearance from the whole
(lichenized) thallus. It is also possible to
culture some lichens and to synthesize

new ones by inoculating spores with algae,
but they are difficult to maintain for long
periods. Success depends partly on avoiding

contaminant organisms killing the lichen and

also on creating the right conditions, which

What is a lichen?

do not favour one or other of the symbionts.
Solid (agar) culture media are better for
growing lichens than liquid media.

Lichen algae

Only a few types of algae occur within
lichens. Algae can be the dominant partner,
e.g. in the ‘elly lichens’, Collerna spp. and
Leptogium 5P but this is rare. The algae
found most frequently are the unicellular
green algae of the genus Trebouxia. Other

common species belong to the orange-

pigmented genus Trentepohlia and the

LEFT Xanthoria parietina: ABove The fungus of

the orange, disc-like Xanthoria parietina in
fruiting bodies of this culture. It is amorphous
lichen are superficially and looks quite unlike the
similar to those of the intact lichen. Lichen fungi
fungus Aleuria aurantia. are not known to produce

fruiting bodies in culture.




What is a lichen?

RIGHT Trebouxia sp., a

unicellular green alga.

The algae found most
frequently in lichens
belong to the genus
Trebouxia.

10

cyanobacterium (formerly called blue-green
alga) genus Nostoc. Lichen photobionts look
rather different when they are inside rather
than outside lichens. Sexual reproduction and
the formation of filaments is suppressed and
we usually need to isolate and culture lichen
algae to identify them to species level. This
has been achieved successfully for less than
2% of all lichen photobionts. Around 100
green algae (occurring in about 23 genera)
and many fewer cyanobacterial species in
about 15 genera may be involved as
symbionts. Most lichen fungi are highly
selective, forming associations only with
compatible photobiont species. Some

notable exceptions include:

® The same lichen in different geograg
locations may contain different photo
® Some lichen species contain differen|
photobionts during different stages of
life cycles.
e Another fungus growing on a lichen
share the alga of its host and later sw:
another species (e.g. Diploschistes mu|
growing on Cladonia spp.). |
Some lichens contain both algae ar
cyanobacteria within the thallus. The |
photobiont is normally the green algaj
cyanobacteria are localized in distinct.
structures (cephalodia). This has give
one of the greatest enigmas in lichen
that the same lichen can exist in severs
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LEFT Trentepohlia sp.
Green algae of this
genus contain an orange
carotenoid pigment,
which masks the green
colour of chlorophyll.
Many lichens in shaded
habitats and most lichens
in lowland tropical rain
forests contain
Trentepohlia.

gELow Chains of
Nostoc sp. -

a cyanobacterium.
Members of this genus
occur frequently in
lichens, especially in
those of wet habitats.

11
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RIGHT Sticta canariensis —
leaf-like form containing
green algae, with large
red-brown, disc-like
fruiting bodies.
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different forms, depending on the photobiont
it contains. These different forms of the same

lichen are called photomorphs.

Photomorphs

One of the most important lichenological

* discoveries in the 20th century was that
lichen algae play a major part in determining
what a lichen looks like, how it functions and
where it grows. Pioneering research was
carried out by the Englishman, Peter James,
and colleagues abroad. James discovered
strange thalli in sheltered gorges in New
Zealand and Scotland in which different
lobes belonged to different species. For
instance, in New Zealand he found the leafy
lichen Sticta felix (containing green algae)
growing out of the shrubby Dendriscocaulon
species (containing cyanobacteria). He also
found separate individuals of both lichens
and realized that environmental factors (light,
humidity) are, intriguingly, very important in
determining which photobiont is present in
the lichen. Because all lichen names are based
on'the fungus alone, a single name has to be
used for what were previously considered to
be two lichens. Many examples are now
known, especially within the leaf-like lichens
of the genera Nephroma, Sticta and Lobaria.
In these groups, the same fungus may be
associated with either a green alga and
appear leaf-like or with a cyanobacterium,
when it usually looks very different, often
appearing shrub-like or as tiny granules.

The different photobionts can either occur
together in the same thallus or separately.
Such an example is the lichen, Sticta

canariensis. The variations are shown on

pp.12-15; the lichen contains the same fungus
but different photobionts. This particular
example is from the cloud forest, Azores.
The differences in morphology, ecology,
distribution and chemistry of the two
independent lichens (photomorphs) can be
so striking that at times they have been
placed mistakenly in different genera when
discovered unattached to each other. How
do we know they are the same fungus? Early
microscopical studies suggested this was
the case because hyphae were observed to

grow from one partner into the other.

What is a lichen?

geLow Zonation of
photomorphs of Sticta
felix, Lake Te Anau,
South Island, New
Zealand.

green-algal morph (green)

prefers higher light levels

and drier conditions

northwest facing

N

combined
thalli (blue
and green)
occur at
intermediate
light and
humidity levels

- 17m —

cyancbacteria-containing
form (blue) thrives in
low-light, constantly
humid environments

13
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LEFT Sticta canariensjs.
joined thalli. The smal|
lobes (a) growing gut
the thallus (b) contajy
green algae and the
main thallus containg
cyanobacteria,

14
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This observation was later confirmed by
experiments to resynthesize new lichens when
the same fungus was inoculated with either

a green alga or a cyanobacterium. More
recently, molecular studies investigating
DNA sequences have also confirmed that the
same fungus is involved. An important and
intriguing question is why do they look so
different? We do not know the answer yet.
In some ways the process of lichen formation
appears to be similar to the formation of
plant galls resulting from attack by insects or
other small organisms. Different gall-causing
organisms cause their host plants to form
distinctive galls that are characteristic of

the association.

Structure

When we think about fungi we usually
have a picture in our.minds of mushrooms,
toadstools, puffballs and other fungi that
have conspicuous fruiting bodies, which
usually occur only at certain times of the
year and which, if edible, we can eat. But
the fruiting body is only a small part of the
whole fungus. A diffuse mycelium (a mass
of feeding filaments called hyphae) spreads
below ground, often for several metres or
yards. Lichens are very different from non-
lichenized fungi. The bulk of the lichen lies

Top Sticta canariensis — -
leaf-like form containing
cyanobacteria.

BoTTOM Sticta canariensis
— shrub-like form
containing cyanobacteria.

15




What is a lichen?

RIGHT Section of
layered leaf-like lichen
(Parmelia caperata):
(a) outer cortex,

(b) photobiont layer,
(c) medulla and

(d) melanized lower
cortex.







What is a lichen?

Lichen surfaces are often extraordinarily Cyphellae are neater, round, cup-like pg
beautiful when studied with either a x10 lined with globular cells restricted to th
magnifying lens or dissecting binocular genus Sticta. Not all lichens possess cyp
microscope. Scanning electron microscopy or pseudocyphellae but where they arel
reveals yet more detail. There is a wide range ' present these hydrophobic structures ag
of structures and surface features, which help thought to act as pathways for gas dif j.

the lichen grow and reproduce. They are also
useful in helping us identify and classify

lichens. Both the upper and lower surfaces Amazing but true!

regularly have pores or cracks to allow gases Some lichens have incredible powars to
to enter and leave the thallus. Pseudocyphellae reorganize themselves and regenerate new
are pores in the cortex where the loosely tissues, for example when a lobe becomes
packed medulla bursts through to the surface. turned over. The pioneering experimental St
Pseudocyphellae occur in many different lichenologist Professor Rosmarie Honegger
lichens but vary greatly in their shape. ! carried out a simple, yet elegant experime

Sh d a very strong glue to fix sa 1
LerT Pores on the lower . Y e MPIE

surface of Sticta sp. Xanthoria parietina upside down to terraca
(cyphellag) (top), and bricks, which were laid out on the flat roof
Psedocyphelfaria sp.
(pseudocyphellae)
(bottom).

her institute. Honegger found that after 18
months in the field tiny new lobes develope
at the edges of the fragments with the top

surface correctly oriented in its nermal posi

Honegger suggested that the Xanthoria
mycobiont can therefore sense and correct
upside down to enable the photobiont cells
receive adequate illumination. She also stu
gold-coated samples under low vacuum
conditions in a scanning electron microsco
(SEM). Most researchers having completed
experiment would simply throw the sample
away. But Honegger re-glued the now gold
coated samples on to the original bricks.
She found to her surprise, that, provided tf

original samples were air-dried before she

carried out her SEM study, they were capal
of withstanding this harsh treatment and c

continue growing.

18




How lichens grow, multiply and disperse

Reproduction and dispersal
Like other non-lichenized ascomycete fungi,
most lichens produce sexual fruiting bodies
containing spores. Unlike those of their free-
living relatives the fruiting bodies are
normally perennial, occur throughout the
year and may be long-lived (eg. over 50 years
in the Swiss Alps). Fruiting bodies in other
lichens are seasonal and may be seen only at
the cooler and moister times of the year.
Hard to the touch and often difficult to cut
without previous moistening, fruiting

bodies may be flattened or semi-globose

discs (apothecia)}, flask-shaped structures
(perithecia), have stalks or resemble
hieroglyphics. How sexual reproduction
occurs in lichens is a mystery because it has
never been observed directly under a

ABOVE Section through
apothecium (Xanthoria
parietina). Algae are
present in the margin of
the fruiting body and
beneath the spore-bearing
layer. The upper surface
of the apothecium is
bright yellow due to the
pigment parietin.

LEFT Section through an
apothecium. There are
two basic types, those
lacking algae in the
margin (left), and those
containing algae in a
thallus-like margin (far
left). Eight ascospores
are formed within the
sac-like asci.
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