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British Lichen Society Bulletin no. 104
Summer 2009

Welcome to the Summer 2009 Bulletin, with its usual mix of lichens, lichenology and
lichenologists. The number of articles submitted for publication is increasing steadily,
covering a wide range of topics ranging from the sublime to the not-quite-so-sublime.
I’ll leave you to decide which goes in which category!

The big news for 2009 is that the brand-
new successor to the 1992 Lichen Flora of Great
Britain and Ireland has finally arrived. The earlier
work was a milestone in the history of the BLS
and is used over a much larger geographical
area than its title would suggest. The new
volume will be equally significant for the
Society and lichenologists worldwide, and has
been produced with a fraction of the funds
available for the 1992 work, thanks to the
dedication of the editors and dozens of experts
who contributed to their own specialist groups.

327 genera and 1873 species are included
(386 species more than in the previous book).
This demonstrates how far lichenological
exploration (and taxonomic innovation) has
developed in our islands over the past 17 years.
If you consider yourself to be even a slightly
serious lichenologist and can afford the
purchase price (modest if you are a BLS member!) then go ahead and buy it. See the
flyer accompanying this Bulletin, and further information about payment on p. 103.

If you think that you are a completely non-serious lichenologist, you need help!
The BLS has initiated a forward-thinking exercise to develop a new strategy for the
next 10-20 years, and Council is concious that more support is needed for new and
inexperienced members (see p. 75). Tell us what you need and we’ll do our best to
help. If you can help too, then that’s even better. There are many valuable roles that
non-specialists can play in the BLS, you don’t have to be a lichen-nerd able to
distinguish 78 species of Cladonia at twenty paces to qualify!

Paul Cannon, BLS Bulletin editor: email p.cannon@cabi.org

Front cover: What happens when you spend too long on your churchyard
SUI'VEY....... With thanks to Viv Lisewski and the British Lichens website
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Stop press — Lichens of Great Britain and Ireland launch

The literary birth of this new
book after an eight-year
gestation was celebrated at a
short lunch-time event at the
Natural History Museum in
London on 12 May. A fuller
report will appear in the
Winter 2009 Bulletin, but
here is a picture of the six
surviving editors (doubtless
accompanied by the spirit of
Oliver Gilbert). The book
arrived from the printers
only that morning, which
may explain the mixture of
relief and shell-shock on
some faces....

Permanent quadrats for saxicolous lichens in Britain

Having reached retirement it seemed appropriate to summarise some information on
my ‘permanent’ quadrats established in Wales during the 1970’s and also review
similar work in other parts of the country. Long-term or ‘permanent’ quadrats are
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defined here as any study 10 or more years in length. Recording lichen growth
patterns and establishment using this method is by no means a recent development.
Frey (1959) reported on the growth of Cladonia and many crustose lichens for periods
up to 35 years in some Swiss sites and there have been many lichenometric studies
such as those used to estimate growth rates on gravestones and the recording of fault
movements (e.g. Winchester, 1984; Bull, 2004). The list tabulated below is not
intended to be exhaustive and excludes quadrats monitoring lichen development on
trees. The author has several such sites and is aware of at least one other current
British investigation. The main reason for publishing this list is to stimulate further
interest in the dynamics of lichen communities. It will be clear that many types of
rocky habitat have received scant attention, while communities on exposed acid rock
at low altitude are receiving more interest. During my own work over the past forty
years it has become apparent how much change can occur in the immediate
environment. Walls and churchyards are especially prone to overshading by trees,
new buildings and shrubs such as ivy, problems that are not easily predicted and
often irrelevant in short-term investigations.

As an example of the use of permanent quadrats, one quadrat in the ‘Jubilee’ set
from Llanberis Pass, North Wales (see table below) is shown in Figures A-D (above)
spanning the period 1977-2007. This quadrat, numbered 13 in the set is from a
boulder of rhyolite lava and shows considerable change in both lichen cover and
species compostion over this period.

Quadrat 13 contained four lichen taxa in 1977, Aspicilia cinerea (19.7% of
quadrat area), Buellia aethalea (1.0%), Fuscidea lygaea (16.7%) and Rhizocarpon
geographicum agg. (35.3%) giving a total lichen cover of 72.7% (Fig. A). The Aspicilia
occurs as one large dull grey lichen near the centre and most of the Fuscidea is at the
bottom of the photograph. There was a loose rock flake at lower right, plus a clear
area of rock that had been recently exposed by drilling the reference holes. Note the
minute thalli of R. geographicum at centre left. The loose flake was still in place in
1982 and the small islands of R. geographicum had enlarged, with radial growth
ranging from 0.35 and 0.43mm/a., rates that are normal for this species. By 1987
(Fig. B) the rock flake had gone leaving an exposed area of rock at lower right. The
small R. geographicum plants had started to coalesce while retaining their marginal
prothalline lines. The Aspicilia had continued to grow across bare rock and in places,
annual growth rings are apparent at the thallus periphery. These rings, together with
measurements of advance, indicate a radial growth rate of between 0.99 and 1.18
mm/a and it is therefore faster-growing than the RAizocarpon. By 1997 (Fig. C) the R.
geographicum thallus at top right had been receding, presumably due to senescence
and new thalli were growing within the recently created bare surface. At this time the
total lichen cover was 72.7%, close to that in 1977. Many contacts can be seen
between A. cinerea and R. geographicum in the centre of the picture and although the
former appears to be growing more rapidly, there is no evidence of overgrowth. By
2002 a dramatic loss of cover became apparent. Many thalli were completely lost
although they appeared to be healthy five years before and only a few small thalli of
F. lygaea and R. geographicum remained. By 2007 (Fig. D) growth had resumed in
both species but the cover was still low (F. lygaea 2.9% and R. geographicum 5.9%)
giving a total of 8.8%. What caused the dramatic change between 1997 and 2002 is
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not known. It was not repeated in other quadrats and no further rock flaking had
occurred. A full analysis of these quadrats has yet to be made.

The table on the following page has been prepared to provide readers with
information on the location, number and type of study currently in progress in
Britain.
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Evidence that browsing animals can have a significant effect on
epiphytic populations of Sphaerophorus globosus in Scotland

Introduction

The general effect of herbivores on plant population and ecosystem dynamics is
widely acknowledged (Harmer, 2000; Hulme, 1996; Nicholson, 2007). For lichens,
grazing research with a focus other than invertebrates has predominantly concerned
the effect on ground-layer Cladonia species by herds of reindeer and elk in boreal and
sub-arctic environments (e.g. Hansen & Lund, 2003). This study extends herbivore-
lichen interactions to consider the effect of browsing mammals in a British context.
In Britain the predation of epiphytes by large herbivores such as red and roe deer is
assumed (Gilbert, 2000), though there is a scarcity of published evidence with which
to quantify the impact of browsing mammals. To better understand the browsing
impact on epiphytic lichens we carried out a study that compared abundances of
Sphaerophorus globosus between woodland sites with and without protection from deer
fences.

Methods

We compared populations of Sphaerophorus globosus for adjacent sites with and

without deer fence protection, located in two contrasting regions:

1. At Resipole, near Loch Sunart (NM725646), a high deer fence ran through the
centre of a single woodland study site, allowing direct comparison of
populations on either side of the fence.

2. At Loch Rannoch (NN486570) five woodland sites were sampled from the same
area, two protected by deer fences and three unprotected.

All sites were sampled using a random walk technique, avoiding trees at the edge of

the woodland. A central starting point was assigned, and the field-surveyor travelled

along a random bearing until a tree was located. This ‘random walk’ was repeated
from tree to tree. On each tree the sample area was restricted to the lower bole,
encompassing a vertical height range of 0-1.7m. Populations of Sphaerophorus
globosus were quantified first by simple presence/absence, and second by estimated

percent cover. 25-50 trees were surveyed per site depending on the size of the S.

globosus population. A greater number of trees was surveyed from sites where the

species was scarcer, in order to maximise the capture rate and minimise chance-
related skewness in the data.

Abundance data (% cover) were compared between each of the Loch Rannoch
sites using a non-parametric analysis of variance (Kruskall-Wallis test).

Results

Evidence was found for significant contrasts in the occurrence and size of
Sphaerophorus globosus populations at the Loch Sunart and Loch Rannoch woodland
sites. At the Loch Sunart site S. globosus was present more frequently and had larger
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populations per tree when protected by a deer fence (Fig. 1). Approximately 70% of
protected trees had populations of S. globosus compared with 20% of unprotected
trees. At Loch Rannoch, S. globosus populations were more frequent and tended to be
larger when protected by deer fences, compared to trees that were exposed to
browsing (H = 174.5, P < 0.001 with 4 d.f.).

72540
72520 +
72500 +
72480 H

72460 - ‘

72440 - °

Northings

72420 A

72400 - o

72380 -

r T T T 1

64600 64620 64640 64660 64680

Eastings

Figure 1: Map showing positions of trees in relation to the deer fence at the Loch Sunart
study site, and presence/absence of Sphaerophorus globosus. Filled symbols indicate a tree with
S. globosus present, open circles indicate an absence. Filled symbols are size scaled to represent
the % cover of S. globosus (from 20% cover to <1% cover).

Discussion

Sphaerophorus globosus is a common lichen on trees and rocks in the region comprising
our study sites, and provides a suitable species for investigation. The sites we studied
showed strong indirect evidence for predation of S. globosus by browsing mammals
(likely to be deer or sheep). Macro-climate, elevation and tree species were similar
between closely associated sites (mixed Quercus and Betula), and are unlikely to be
confounding explanatory variables. There was a difference in the antiquity of
woodland sites: two sites protected by deer fences were ancient (that is, appearing on
Roy military maps of 1745-47), while one site without a deer fence was ancient
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woodland and two were of long-standing antiquity (appearing on Ordinance survey
1" edition maps of 1856-91). However, between neighbouring sites on ancient
woodland, one with a deer fence, and one without, the mean percent cover of S.
globosus was 9.6% and 0.02%, respectively. Thus, we tentatively discount woodland
continuity as a confounding factor.

Previous studies have utilized differences in terricolous lichen vegetation on
adjacent sides of fences to explore grazing effects (Fryday, 2001). Likewise, we
suggest that the use of deer fences as an ad soc experimental system might be used to
tentatively infer the effect of browsing on epiphyte populations. The occurrence and
size of populations sampled from sites at both Loch Sunart and Loch Rannoch (Figs
1, 2) revealed significant differences in the population structure of Sphaerophorus
globosus between similar and closely associated woodlands, comparing those with
deer fences to those without. Frequently situated towards the base of tree boles,
especially where trees are leaning slightly, S. globosus is often located within easy
reach of our native and domestic browsing mammals. We suggest that these findings
for S. globosus may be relevant to a range of other tree-bole epiphytes, and that
browsing by large mammals is worth considering as a potentially important
ecological factor structuring British epiphyte communities.

701
60 L
501

401 o

301

% cover
2

101

Deer fence Unfenced

Figure 2: Box-plots to indicate the % cover of Sphaerophorus globosus on protected (two sites
with a deer fence) and unprotected sites (three unfenced) at Loch Rannoch. Plots show the
median, 25® and 75" quartiles, the 10™ and 90% percentiles (whiskers) and outliers (symbols).
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Cyanolichens on perennial fungal fruit-bodies

Tom Neily, Frances Anderson and I were doing field work on Erioderma pedicellatum
and Degelia plumbea in Yarmouth County, Southern Nova Scotia, Canada, in
November 2009. On two occasions, in a single day, we came across Protopannaria
pezizoides growing
on the upper
surface of the fruit
bodies of the
perennial bracket
fungus Fomes.

Tom had
previously seen
Leptogium

tenuissimum grow-
ing on this fungus
in nearby Shel-
burne County.
Tom drew my
attention to the
report of the BLS
field meeting in
Scotland, which I
attended many
years ago, and
which was written up in the Lichenologist (James, 1965). Peter James wrote ‘Another
unusual collection was that of Leptogium minutissimum on the upper sides of the
brackets of Fomes conatus; a similar habitat for this plant on another species of Fomes
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was noted by me from West Galway, Ireland, VC H16, in 1962’. In response to
enquiries, Brian Coppins determined that the Scottish material (from Glen Lyon,
duplicate in E) was actually Leptogium subtile and that the Irish record could also be
that species but might be L. feretiusculum. The name L. minutissimum has often been
used for the latter species.

Hakon Holien wrote from Steinkjer, Norway, to tell me that he has seen
Nephroma parile, Parmeliella triptophylla and Protopannaria pezizoides on Fomes growing
on Betula pubescens in Norway. He has also found the crustose lichens Bacidia ignaria
and Lecidea sphaerella on this substratum and notes that these lichens do not grown on
living bark of birch but can be found on the fruit bodies of Fomes and on dead bark.
He hypothesizes that the Fomes and dead bark must have a higher pH than the living
bark of the birch trunks. Perennial fruit bodies of Fomes and related genera might be
an interesting substratum to examine on future field excursions by BLS members.

Reference
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What do lichen families have to offer?

Back in the 1960s, botany students were taught flowering plant identification by
getting to know the larger families, especially those that had distinctive features such
as the Scophulariaceae and Labiatae. Being one of these students, I can remember on
field trips being asked by my lecturer what family a plant belonged to and why, and
what its features were before venturing into what the actual species was. As a result |
still think of plants in families and can still sometimes recognise the family of an
unknown species without knowing the species or genus. For me this has been such a
huge aid in attempting to get to know the names of plants and even in remembering
the few that can be recalled.

So why don’t we use families in lichens for the same reason and purpose today?
Since the 1992 Flora (Purvis et al., 1992), numerous new genera seem to have
appeared from the hard work of taxonomists as if from some “Pierian spring” (Pope,
1711). Some of us have difficulty remembering them all. Therefore I asked the
question of the Education and Promotions Committee: would it be helpful, in order
to identify the right genus and to remember which genus is which, to know how the
genera were placed in families, and what were the distinguishing features of each
family? Being in real danger of “little learning” (Pope, 1711) here, I sought advice
and André Aptroot very kindly sent me the systemic grouping of families which
appears in the new Lichens of Great Britain and Ireland. There seem to be certain
common features of these lichen families:
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a) much of the evidence now comes from molecular work so that genera may be
delimited and then placed in families for invisible reasons (e.g. Opegrapha,
Enterographa and Lecanactis in the Roccellaceae, and Bacidia and Toninia in the
Ramalinaceae, and Thelotrema in the Graphidaceae)

b) quite a few families also include non-lichenized genera and so the systematic
arrangement of orders and families may not seem very meaningful when just
looking at lichens

¢) there is quite a bit of uncertainty with some genera

d) the family characteristics may not be helpful in the process of identification of
genera and species within a flora of a limited geographical region

Alexander Zahlbruckner’s classification was used by lichenologists for much of the
twentieth century, but latterly it was realized that his scheme was quite artificial and
so more recently we have got used to having lichen genera just listed in alphabetical
order for want of any better arrangement. This is really good if you can remember a
name and spell it but hopeless if you know the features and want help in recalling the
name. What would old Alexander Z have made of the current synopsis of lichen
families? Looking at his scheme (in Annie Lorraine Smith’s Lichens (Smith, 1921))
and André’s for the new “Flora”, it is amazing, considering all the changes in
lichenology, that we still have some old familiar family names even if the constituent
genera are very different. For example we still have (genera in bold included by
Alexander 7):
Roccellaceae: Bactrospora, Cresponea, Dirina, Enterographa, Lecanactis,
Lecanographa, Opegrapha, Peterjamesia, Roccella, Schismatomma,
Syncesia
Verrucariaceae: Agonimia, Atla, Catapyrenium, Dermatocarpon,
Involucropyrenium, Leucocarpia, Merismatium, Normandina, Phylloblastia,
Placidiopsis, Placidium, Polyblastia, Psoroglaena, ?Sarcopyrenia,
Staurothele, Thelidium, Trimmatothele, Verrucaria
Acarosporaceae: Acarospora, 1 Myriospora, Pleopsidium, Polysporina, Sarcogyne
Graphidaceae: Diploschistes, Graphina, Graphis, Phaeographis, Thelotrema,
Topeliopsis
Parmeliaceae: Alectoria, Allantoparmelia, Arctoparmelia, Brodoa, Bryoria,
Cavernularia, Cetraria, Cetrariella, Cetrelia, Cornicularia, Evernia,
Flavocetraria, Flavoparmelia, Hypogymnia, Hypotrachyna, Imshaugia,
Melanelia, Melanelixia, Melanohalea, Menegazzia, Parmelia, Parmelina,
Parmelinopsis, Parmeliopsis, Parmotrema, Platismatia, Pleurosticta,
Protoparmelia, Pseudephebe, Pseudevernia, Punctelia, Tuckermanopsis,
Usnea, Vulpicida, Xanthoparmelia
Pannariaceae: Degelia, Fuscopannaria, Moelleropsis, Pannaria, Parmeliella,
Protopannaria, Psoroma, Vahliella
Physciaceae: Amandinea, Anaptychia, Buellia, Calicium, Cyphelium, Diploicia,
Diplotomma, Heterodermia, Hyperphyscia, Phaeophyscia, Physcia,
Physconia, Rinodina, ? Thelomma, Tornabea
Teloschistaceae: Caloplaca, Fulgensia, Teloschistes, Xanthoria
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Lichinaceae: Cryptothele, Ephebe, Euopsis, Lemmopsis, Lempholemma, Lichina,
Lichinodium, Metamelanea, Phylliscum, Porocyphus, Psorotichia,
Pterygiopsis, Pyrenocarpon, Pyrenopsis, Synalissa, Thermutis

The genera and species they contain may be rather different but at least they are
familiar family names. The Parmeliaceae has changed amazingly little. The genera in
Zahlbruckner’s Usneaceae with simple spores have been added and the generic split-up
of the old Parmelia genus (underlined above) account for almost all of today’s genera
in the family. The Verrucariaceae (if the old Dermatocarpaceae is included) looks as
though it has changed little as recognized in the new volume, though recent
molecular evidence indicates that its genera will have to be radically rethought with
several new generic delimitations and many species of Verrucaria being placed in
unfamiliar genera (Gueidan et al., 2009; Savic et al., 2008). As an example of the
problem just note, apart from the spore sepatation, the close similarity between
Verrucaria hochstetteri and Thelidium decipiens. Despite the genera being radically
stirred around, it still remains a recognizable and coherent family (at the moment!).
The Teloschistaceae (including the old Caloplacaceae) does have recognisable
characteristics such as polarilocular spores and presence of anthraquinone pigments,
even if there are exceptions. We also discover that those genera with larger thick-
walled spores (A4spicilia, Megaspora, Ochrolechia, Pertusaria) are grouped at least in the
same order (Pertusariales). There are many new families too in the new “Flora” and
some of the families are quite restricted, containing only one or two genera.

In conclusion, we can say that apothecial morphology, spore septation and
thallus type, which are really important for species identification, are not always
much value for telling which family the genus belongs to. We may find it helpful to
keep in mind some “natural” families (such as the Parmeliaceae), but knowing the
definitions and boundaries of others may help us remember their genera. By taking
note, they should keep us interested in trying to spot the similarities and then
understanding how on earth they evolved. So personally I am still in bit a quandary
as to whether it is helpful to know what families the genera belong to, but I am going
to try and see if it helps and so keep taking Alexander P’s Pierean water.
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Pope’s essay was written at the age of 21 and published when he was 23 years old!
Lines 215-232 run:
“A little learning is a dang'rous thing;
Drink deep, or taste not the Pierian spring:
There shallow draughts intoxicate the brain,
And drinking largely sobers us again.
Fir'd at first sight with what the Muse imparts,
In fearless youth we tempt the heights of arts,
‘While from the bounded level of our mind,
Short views we take, nor see the lengths behind,
But more advanc'd, behold with strange surprise
New, distant scenes of endless science rise!
So pleas'd at first, the tow'ring Alps we try,
Mount o'er the vales, and seem to tread the sky;
Th' eternal snows appear already past,
And the first clouds and mountains seem the last;
But those attain'd, we tremble to survey
The growing labours of the lengthen'd way,
Th' increasing prospect tires our wand'ring eyes,
Hills peep o'er hills, and Alps on Alps arise!”

David Hill
d.j. hill@bris.ac.uk

Large genera, small genera, and lichen taxonomy

The 19th century German mathematician Leopold Kronecker remarked that: God
made the integers, all else is the work of man. Lichenologists might say something
similar: God made the species; the higher taxonomic categories are purely human creations.
Mathematics has been a very successful endeavour, but one can not say the same
about these creations of lichenologists. About half of all the genera that
lichenologists have named in the past are not accepted by any modern botanist. The
history of generic concepts in lichenology is a rather sad story. Matters are not a lot
better even today. Many genera are accepted by some contemporary lichenologists
but not by others. Other genera are accepted for reasons of practicality, even though
we all know that they are artificial or unsatisfactory in some way. Even some of
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those that we all think are good are sure to fall apart in the future. Much has been
written on how, when and why to define genera, but the issues have rarely been
investigated in a quantitative way. I present here some quantitative results that have
a bearing on the topic.

Most genera have been recognised on morphological grounds. More recently,
DNA sequences have been used to provide some insight. All of these methods are
subjective. Use of DNA sequences is less so, but subjectivity creeps in even here
since there is no unique mathematical way of defining how close two DNA
sequences are: one must make a choice between many possible algorithms. One
must also make a choice about how to reconcile conflicting characters. (Letting a
cladistics program make these choices is not objectivity; it merely puts the subjective
judgments somewhere else, where they are less apparent.)

There is only one objective way to define genera. It goes as follows. Choose
some date in the past - for purposes of illustration let us say 10 million years ago.
Two species belong to the same genus if they have a common ancestor species that
existed more recently than that date. Otherwise they belong to different genera. This
can be rephrased in terms of individuals rather than species, if you have
philosophical scruples. Two species belong to the same genus if all members of both
species have a common ancestor that existed more recently than 10 million years
ago. Otherwise they belong to different genera. Provided that our species concepts
are good, then the two definitions come to more or less the same thing.

There is nothing special about the choice of 10 million years. If we choose an
older date we will get fewer, but larger, genera; a more recent date gives smaller but
more genera. At the extremes, if we use "yesterday" then every genus will have
exactly one species. It we use "5 billion years ago" then all lichens go into a single
genus, along with all other life on earth. The choice of date is arbitrary, but the
method is completely objective in the sense that once a date has been chosen there is
no doubt what the genera are; there is no scope at all for different choices.

Obviously, a practising taxonomist can not apply the definition above. She can,
however, have some regard to the conclusions - quantitative conclusions - that follow
from it. Let us now make some assumptions. First, assume that, over the timescale
of interest, the rate of extinction of species has always matched the rate at which new
species appear. This is equivalent to assuming that the number of lichen species has
always been the same as it is now. (This seems a reasonable approximation, except
perhaps at times of mass extinction, and provided that we do not go too far back in
time, to the early days of ascomycetes.) Second, assume that each species has exactly
the same probability of extinction as any other species, and the same probability of
speciation as any other species. (This is the most appropriate assumption to make in
a simple theoretical model, but it is here that we are most likely to see a gap opening
up between model results and biological reality.) These are not the only possible
assumptions that one might make, but they are the simplest and so probably the best
ones to start with.

The consequences of these assumptions are easy to simulate. At some time in
the past, assume that there are S species of lichen. At each step forward in time, one
of the species existing at that time becomes extinct, and another species splits into
two daughter species. The choice of which species becomes extinct and which splits
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is made randomly. Repeat for a large number of timesteps. At the end of the
simulation, many of the initial S species will have left no descendants. If only G of
the initial species have left descendants, then we have G genera, each genus
consisting of the descendants of one of the original species.

(For simplicity, the paragraph above was phrased as though lichenisation is a
fixed character. In fact, it may come and go. It turns out that this does not change
the conclusions at all. A full discussion would be quite lengthy, so I will omit it.)

To do anything useful with these ideas, we must link them to some real data
about lichens, and the most helpful form of real data is a word checklist.
Unfortunately, there isn't one - or, at any rate, no really satisfactory one - so I have
had to compile one myself from multiple, and often conflicting, sources. Considering
only lichenised ascomycetes, and ignoring infra-specific taxa, this list contains 16,824
species in 828 genera. (For those few genera with both lichenized and non-lichenised
species, all the species in the genus are included.) The list is far from perfect: some

good species have probably been overlooked, some probably appear more than once
under different names, and the placement of some species into genera will not meet
with everyone's approval. The data is least satisfactory for tropical species. (I can
provide a copy of this list on request, and I can re-run the analysis with a different list
if anyone would like to supply a better one.)

Returning to the simulation concepts, we can now imagine that, long ago, there
were 16,824 species of lichens - the same number as now, since we are assuming that
the number of species is approximately constant. As time passed, species became
extinct, and species split, as described above, until only 828 of the original species
had left any descendants. The key idea is that we can compare the simulation with the
real data by looking at the distribution of genus sizes. 1f the simulation predicts roughly as
many small genera, as many medium-sized genera, and as many large genera as we

see in the real-world dataset, we can relax. If it doesn't, we need to do some
explaining.

Figure 1. Results of simulation
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Because each simulation incorporates randomness, it is best to run many such
simulations and take averages. Figure 1 shows the mean result from 10,000
simulations. Each simulation started with 16,824 species and continued to iterate
until only 828 of them had surviving descendants. (For clarity, I do not show
standard deviations or other measures of spread; the statistical variation between
different simulations is too small to affect materially the conclusions drawn below.)
Figure 1 does not display the results for large genera very clearly, so Figure 2 (see
below) shows the same results on a logarithmic scale. The "fractions of a genus" that
Figure 2 shows are a mathematical fiction, of course, but their meaning is simple. If
we obtained a genus with, say, 120 species in 1,000 of the 10,000 simulations, then
the mean number of genera with 120 species is 0.1. A more biological way of saying
almost the same thing, is that in the real world we would expect to find about 1 genus
with between 115 and 124 species. There must be some underlying mathematical
reason for what is obviously a straight line in the second figure, but I have not been
able to show algebraically that a straight line is to be expected. (Do we have any
experts in combinatorics who might like to take a look at this? Stripped of its
biology, the underlying mathematical problem can be posed in a simple way,
involving sums of integers.) The result is unlikely to be new, though I have not seen
it before. Does anyone know whether this is this a well-known result in theoretical
biology?

Figure 2. Results of simulation (logarithmic scale)
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Genus sizes from the simulation results can now be compared with the genus sizes in
the real list of species. Because of the wide ranges of the numbers, it is convenient to
discuss small and large genera separately. Figure 3 (below, again) compares the real
data with the simulation results for genera with fewer than 30 species. The
conclusion is striking. In the real dataset there is a substantial excess of genera with
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1, 2, 3 and perhaps 4 species. This discrepancy requires explanation.

The rather poor quality of the real-world dataset may be part of the explanation,
but another possibility is that taxonomists may have given too much weight to small
differences in characters (or to larger differences in too few characters), and have
been too prone to elevate small groups of species to generic rank. The results suggest
that taxonomists who wish to define lichen genera with just one or two species might
do well to weigh the evidence for their new genera even more carefully than usual.

Figure 3. Simulation and actual data (for small genera)
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Because the real-world dataset has only a few really large genera, the comparison
with simulation results is best tabulated using ranges of genus sizes:

Number of species in | Number of genera - Number of genera -

genus Real Dataset Simulation
50-74 24 50
75-99 12 14

100 - 199 13 5.5

200 - 299 0.03

300 - 399 0.0002

400 or more < 0.0001

The difference between real and simulated results is even more dramatic than for
small genera. The real dataset has far too many large genera. Not all of this
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discrepancy is cause for concern. We all know that genera like Caloplaca (559 species
in my list), Lecanora (722 species) or Verrucaria (430 species) are artificial and need to
be split up. A few genera, notably Verrucaria, are overloaded with names, and
though I have tried to clean up the dataset, some of Verrucaria names included in the
list are probably not good species.

However, some large genera in the real list appear to be "good" genera. If we
have classified lichenized ascomycetes into about 800 genera, then good genera with
more than about 200 species can only occur if the assumptions underlying the
simulation did not apply in that particular case. In other words, if a large (more than
200 species) genus of lichens is not obviously artificial, then its