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Summary

Factors influencing lichen distribution, principally climate and geology, are discussed.
The extreme oceanicity of the British climate is identified as the most influential factor in the
development of a distinctive lichen vegetation in the area.

Twenty-four species of lichen are recorded for the first time from the British Isles along
with, approximately, 50 unidentified taxa. Draft descriptions are providel.for 18 undescribed
taxa. Keys are provided to difficult groups and genera, i.e. sterile crustose saxicolous and
terricolous lichens, Lecidea, Porpidia, Rimularia and Rhizocarpon subgenus Phaeothallus.

Lichens having the centre of their British distribution in montane areas are listed and
assigned to a montane sub-zone. Using this list, a comparison is made between the lichen
vegetation of three oceanic areas of the British Isles. The importance of the saxicolous lichen
vegetation of the oceanic mountains of western Scotland is emphasised and shown to be
important in its own right rather than a species-poor outlier of the Scandinavian flora.

The lichen vegetation of those National Vegetation Classification communities in which
lichens form a significant part is described. In general, terricolous macro-lichens are shown to
correspond with NVC communities but terricolous micro-lichens and saxicolous species do
not and need to be treated separately from NVC.

Lichen data from areas of prolonged snow-lie are analysed by TWINSPAN and three
un-named, apparently endemic, lichen communities identified. One is restricted to areas of
prolonged snow-lie throughout the Scottish Highlands whereas the other two are more
widespread in the western mountains but confined to snow-beds in drier, eastem parts of the
country. Their composition and affinities are discussed.

Grazing animals are shown to have a devastating effect on upland/montane lichen

vegetation, although this is less pronounced at higher altitudes. Grazing is shown to have a
qualitative, as well as a quantitative, effect.
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1-1 REASONS FOR THIS STUDY

The resurgence of interest in lichenology which has occurred in the British Isles over
the past few decades has concentrated mainly on epiphytic species and communities with
the result that these are now widely used as bio-indicators of pollution levels (Hawksworth &
Rose 1976) and the ecological continuity of woodlands (Rose 1976, 1992). Saxicolous
(epilithic - growing on rocks) and terricolous (epigaeic - growing on the ground) lichens have
received less attention - the only major work on the phytosociology of British lichens (James
et al. 1977) is very weak when dealing with non-epiphytic communities. More recently
additional habitats have been focused on by individual lichenologists (e.g. maritime rocks,
church-yards, etc.) but montane areas, although receiving some attention, remain a
severely neglected habitat, being the reserve of a few dedicated workers (Coppins 1978,
1979; Gilbert (and co-workers) 1982 onwards; Fryday 1989 onwards). This can be
attributed to a number of factors, the most important of which are:-

a) the remote and difficult working conditions. Many workers have commented upon the
problems which arise from working in inhospitable and remote areas (McVean &
Ratcliffe 1962; Gilbert 1986; Rothero 1991b; Fryday 1995) as these can have a serious
effect on the completeness and accuracy of the data collected. Inhospitable weather is
a major consideration often making meaningful recording impossible either through
persistent rain, low clouds (Fig 1+1) or strong winds, all of which are frequent
occurrences in the Scottish mountains during the summer months.

b) the relatively high proportion of undescribed taxa. Many recent publications on British
montane lichens either list a number of problematic collections or describe new species
(Gilbert et al. 1988; Gilbert & Coppins 1992).

¢) the specialized nature of the flora. The many rare species, along with the morphological
variation and superficial similarity of some of the more frequent ones, means that a high
degree of specialized knowledge is required before any useful work can be carried out.

d) many species are difficult, or impossible, to identify in the field with any degree of

certainty, even by an experienced worker.

e) the ecology and variability of many species is still poorly understood.
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To some extent these problems are self-perpetuating; the montane lichen vegetation
remains poorly studied because it is difficult but it is only difficult because it is poorly

studied.

Figure 1*1. Goat Fell, Isle of Arran, in poor weather. In such conditions, survival takes

precedence over collecting data.

Montane lichens are worthy of study for both academic and applied reasons.
Academic Reasons Over 700 lichen taxa have been recorded from montane regions of the
British Isles (393 specialists) compared with 121 vascular plants (Ratcliffe 1991). Lichens
are particularly well adapted to the harsh montane environment for a number of reasons:-

a) lower cell specialization renders them less likely to fatal damage

b) they inhabit the area closest to the ground where conditions are most stable

c) they are better able to cope with rapid fluctuations in water availability due to their
poikilohydric nature (i.e. they do not maintain a constant water level but dehydrate in

drought conditions and quickly rehydrate when moisture becomes available).



Fifty-two species of montane lichens are included in the Red Data Book for Lichens
(Church et al. 1997). This is approximately 13% of the specialist montane lichen flora and
29% of the total Red Data List of 177 species. There are two possible interpretations of this
apparent richness of the montane zone for rare lichens:-

a) the lichen vegetation of the montane zone is poorly understood and many of the species
considered rare are, in fact, more widespread.

b) the montane zone does support a far greater number of rare species proportionate to its
size than other habitats.

Either case is sufficient justification for further study but it is most probable that there is
some truth in both propositions. Certainly some species considered rare until very recently
are now known to be fairly widespread or locally frequent in the montane zone, e.g.
Miriquidica complanata, Rimularia mullensis, Stereocaulon tomense but, equally, others
have remained rare in spite of there being apparently suitable habitat available e.g.
Catolechia wahlenbergii, Lecanora achariana, Nephroma arcticum. It is, however, true that
most species are rare because the habitat they require is scarce; either because they have
very precise ecological requirements or because that particular habitat is genuinely rare. In
particular, a high percentage of rare montane lichens are calcicoles and their rarity is due
largely to the very limited extent of high-level calcareous rocks and soils in the British Isles.
This also extends to some usually calcifuge species which are on the extreme edge of their

range in the British Isles as these appear to require a higher pH substratum here than
| elsewhere in their range, e.g. Caloplaca nivalis, Micarea crassipes, Nephroma arcticum.
Even among montane calcicoles there are widespread species, e.g. Collema glebulentum,
Koerberiella wimmeriana while others are extremely rare, e.g. Buellia papillata and Rinodina
mniarea - both fairly distinctive species but recorded in the British Isles only from the summit -
heath on Beinn Eighe. Itis possible that the more widespread montane calcicoles only
require basic flushing (many grow on damp seepage rocks) whereas the rarer ones occur in
drier habitats, growing directly on basic rocks or overgrowing bryophytes,

Applied Reasons. Montane eco-systems are extremely fragile and take a long time to

recover from any disturbance. However, they are under threat from four main sources,
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global warming, increased recreational use, over-grazing by red deer and sheep and, at

least in the case of snow-bed vegetation, air-bome pollution. Lichens are often confined to

very specialiied micro-habitats and will be even more susceptible to these disturbances

than other plants and, being notoriously slow-growing, will take even longer to recover.
Initiatives to date have identified a number of areas in need of attention:-

a) General Survey of the Resource It is a pre-requisite of any ecological research or
conservation action that the nature and extent of the resource is well understood. The -
inadequacy of lichen data in seminal works such as 'A Nature Conservation Review'
(Ratcliffe 1977) is now recognised as a serious weakness as, in many montane
habitats, lichens are major contributors to the bio-diversity of the eco-system. A more
extensive knowledge of this group would greatly improve the assessment of sites for
the importance of their vegetation. However, the number of montane lichen taxa which
have been discovered in recent years, and which are either new to the British Isles or
new to science, clearly indicates that the montane lichen vegetation of the British Isles
is far from perfectly understood. ,

Despite their importance to the bio-diversity of montane vegetation lichens are usually
omitted from plant community studies as the surveyors are unfamiliar \gith the group.
The recently published Naﬁonal Vegetation Classification (Rodwel|£1{.9591l, 1992, 1883)
contains very limited lichen data and where these are included the taxonomy and
nomenclature are seriously out of date. A better understanding of montane lichen
communities will lead to a more thorough appreciation of rﬁontane vegetation in general.

b) Areas of Prolonged Snow-lie In contrast to vascular plants and bryophytes the lichen
vegetation associated with areas of prolonged snow-lie is poorly understood. This
habitat is expected to be one of the first affected by global warming and a
comprehensive understanding of the distinctive assemblages of lichens associated with
this habitat will facilitate the monitoring of future changes in the vegetation.

c) Effects of Grazing - There is anecdotal evidence that over-grazing by sheep and red
deer is having a detrimental effect on the lichen vegetation of montane areas but there

has been no attempt to assess the extent to which this might be occurring.
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1-2 AIMS OF THIS STUDY

Recent work in the mountains of the British isles (see section 1+3) has provided us with
a great deal of descriptive ecological information but little quantitative data. The present
thesis is an attempt to address this as well as attempting to deal with some of the problems
outlined above. | ‘

For the purpose of this study, ‘montane’ is taken to include all the land in the British Isles
above the potential tree-line. However, as the majority of high ground is in Scotland (98% of
ground ovef 915m - see section 1+4), work has been concentrated on this area. 'Montane'
is used in preference to 'Alpine’ as the former portrays a much more accurate picure of the
British mountains. Some areas, particularly in the west of the country, which clearly fall
within the study area, attain only relatively modest altitudes and are generally snow-free due
to the effects of the hyperoceanic climate.

In addition to a general study of the resource it deals with some of the problems of
identification by including a key to sterile, crustose, saxi_c;olous and terricolous lichens
occurring in the study area; these are regarded as a notoriously difficult group. It also gives
brief descriptions of all montane specnes recorded from the Bntlsh Isles since the publlcauon ~
- of The Lichen Flora of Great Britain and Ireland (Purvis et al. 1992) along wuth notes on the ’
numerous collections which have eluded satnefactory ldentiﬁcatlon. The most well-known of
these are described in detail as a prelude to their formei descﬁption as new taxa. New keys
are included to genera where the number of montane taxa recogmsed has mcreesed
significantly since 1992 | | ; | |

The areas of prolonged snow-lie have been studied u;eing transects and quadrats. .This
has allowed their lichen vegetation and the changes inthe commumty composition whtch |
occur as the snow- -bed is approached to be descnbed . ,

Releves have been collected from the major montane NVC communmes in all parts of
the Scottish Highlands. From thess it will be possnble to ascertain whether itis necessary to
descnbe any new communities (or sub- communmes) based on hchen data. | |

The effect of grazing has been studied by collecting lichen data from inside and ouiSide

exclosures in upland and sub-montane areas of Northem England and Scotland. Lichen bio-
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mass and species composition and diversity were recorded.

1-3 HISTORY OF LICHEN RECORDING

It is outside the scope of this thesis to provide a comprehensive review of the
investigation of the montane lichen vegetation of the British Isles. Although this would be a
fascinating study and much of the literature has been reviewed, it would also require an
extensive herbarium search as much work is undocumented and known only trom
preserved herbarium Specimens. The outline given hero is intended only as an introduction
to the present study, to provide it with a starting place. A general review of the history of
lichenology in the British Isles is given in Hawksworth & Seéward (1977) and to individual
rrtontane areas by Gilbert and co-workers in a series of paperc dealing with those areas
(e.g. Coire Cheap, Ben Alder - Gilbert et al. 1982; The Caimgorms - Gilbert &v Fox 1985; Ben
Lawers, Gilbert et al. 1988; Ben Nevis range - Gilbert et al. 1992; Caenlochan - Gilbort &
Coppins 1992; Tho Lake District - Gilbert & Giavarini 1992; The West of Ireland - Gilbert &

- Fryday 1996 and to North Walec by Pentecost 1987). The tolIOWing accoUnt is bas‘ed on
these sources. | | L ,

~ North Wales appears to have been the first montane area ln the Bntrsh Isles from whrch‘
lichens were recorded. Cladonia furcata was reported by Ray (1696) as having been
collected trom Camedd Llewelyn by Edward lhuyd Other records made by Lhuyd, who
died in 1709, were reported by Dillenius (1742) and by Gibson (Camden 1789). Dillenius
vusnted North Wales in 1725 and collected on Snowdon and Cadanr \dris in the company of
Brewer a Iocal man who had prevrously sent Dsllenrus Ilchens from the area. An account of
this vrsrt is is gwen in Brewer's dlary (BM Druoe & Vlnes 1907) Ughtfoot made a snmllar \
joumey in 1773 (Rlddelsdell 1905) but added httle tothe flora. | | |

Lightfoot is the first name to appear in connectnon wnth hchen recordang inthe Scottish
mountalns He mentlons the Breadalbane Mountains on several occasrons ln hts Flora
Scotica (1777 1789) but it was Drckson (1790-93) who first dlscovered the richness of Beo
Lawers recordmg, among other spemes Brigantiaea tuscolutea and Cetraria nlvails The

earty 10th century saw actwtty in the mountalns of both Scotland and Wales. Borrer and
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AT A T S T N S e

Hooker were active in Scotland (Hooker 1821) visiting Ben Lawers, the Caimgorms and,
probably, Ben Nevis while the main workers in Wales weré Griffiths and Tumer who visited
Snowdon and the Cameddau respectively (Turner & Dillwyn 1805). Tumer, with Dillwyn,
also visited the Lake District and recorded several lichens (including Corniculana
normoerica and Thamnolia vermicularis) from ‘the summits of the mountalns' (Turner &
Dillwyn 1805) Towards the middle of the century Gardiner recorded from Ben Lawers and
Caenlochanin Scotland and we obtain the f rst gllmpse of the Irish montane lichen flora with
the work of Moore who recorded a number of species from Brandon Mountain in Kerry.
These included Solorina crocea, Umbilicaria arctica and U. hyperborea - although the last
two are now generally discounted. |

The second nalf of tne 19th century was the mosl intense period of llcnenologlcal activity
seen in the British Isles. All the mainvmontane areas wére visited although the Lake District
and lreland wére less well served than Scotland and Wales. Johnson (l 881) and Martindale
(1886-90) were active in the Lake District and Larbalestier in Connemara in the West of
Ireland but they mostly confined their efforts to low ground and rarely ventu‘red into the
mountains. ln North Wales, between 1856 and 1879, Leighton undertook the ﬁrsl delailed ‘
systematic curvey of the mountalnous arear. He concentraled on the crustosc; caxlcolou's
lichens and recorded numerous species for the first time from tha British Isles and descnbed
several as new to science. ln Scotland the newly constructed rallway network made the
prevrously remote mountalnous areas more accesslble wrth_the result that, from around
1860, a number of llchenologists \rlsited thc area, mainly thé Breédalbano and Calrngorm
mountains. The mostimportant of these were Holl (who also visited Wales), Jones &
Carroll, Crombie (many of whose records are now considered extremely dubious), Lindsay,

Stirton and, in Angus, Ferguson Between them tl\ese workers added numerous specles 1o

| the British flora and described many new specues amassing a comprehensrve knowledga of

,the lichen vegelatron of the Scottish nghlands whlch has cnly recently been equalled

This period of intense activity lasted for around 30 years after which there was a general |

decline in rnterost in lichenology with only occasional work being carried out. Wheldon &

| Wilson_(191 5) visited Scotland and North Wales, and in Ireland Knowles (1929) and Praeger |

R



(1934) carried out some work. The most important figure, however, was Watson who
worked in Scotland, Wales and Ireland and was the first person to attempt to describe the
ecology of montane lichens (Watson 1825).

Interest in lichens revived in the early 1960's and the mountains of Scotland were
occasionally visited by James, Swinscow, Duncan, Tepham and Coppins among others.
Unfortunately, although some of this work was published (e.g. James 1965), much of it
remained undocumented or orly appeared as unpublished reports (James 1976; Coppins
1978 & 1979). James and Coppins also visited North Walee but the main worker in that
area in recent times was Clayden whose records from acidic montane rocks are included in
Pentecost (1987). |

The first persen in recent times to pay particular attention to montenelichens was Dr
Oliver Gilbert Wtwo, with various co-workers, visited and pubtished accounts of many of the
most important sites in Scotland, i.e. Caire Cheap in the Ben Alder range (Gilbert et al.
1982), e Caimgorms (Gilbert & Fox 1985), N-W Suthertand (Gilbert & Fox 1986), Ben
~ Lawers (Gilbert et al. 1988) Ben Nevns (Gslbert ot al 1992) and Caenlochan (Gllbert &
Coppcns 1992) as welt as the Lake District (thbert & Gtavanm 1993) and the West of Ireland |
(Gilbert & Fryday 1996) descnbmg the lichen vegetetton and makmg numerous ecotogtea! .
observahons | SO NN S

Gilbert concentrated on the potenttatty most rewardmg sates, m pamcular those with -
base-nch rocks It was then necessary to put this tntormatton into a context of the overall
Scottnsh montane Itchen vegetatton The present author jomed Gxtbert on hts tast two
surveys and subsequentty undertook |ntenstve mvesngattons wht!e carrymg out short—term ‘

contracts for SNH's predecessors NCC and NCCS (T rottemtsh Bemn Elghe Breadalbane)
the NTS (Glen Coe, Klntatt Ardmeanach, Tomdon etc.) and pnvately (Knoydart Southem |
h Catmgorms, Suthertand Creag Meagaidh, etc ) |




1-4 FACTORS AFFECTING THE BRITISH MONTANE

LICHEN VEGETATION
1-4+1 General nature of the British Mountains

Judged purely on height and extent the montane areas of Britain are, on a world or even
European scale, fairly inconsequential. However, they possess certain characters which
give them a significance in excess of their height or extent. The most importance of these is
the oceanic climate (Ratcliffe & Thompson 1988) which produces a number of plant
communities which are either found nowhere else in the world or reach their best
development in the British Isles. Al:though thesa plant communities, Calluna vulgaris and
Racomitrium lanuginosum heaths and blanket bogs, ere of only limited interest for their
lichen flora this is, nevertheless, circumstantial evidence that unique or rare lichen
communities can be expedted in the British mountains. This is also suggested by the
development of other plant communities rich in cryptogams, e.g. bryophyte and fern rich
communmes, asa consequence of the damp, oceamc cllmate '

Britain is also unusual in possessmg a sub montane zone (i.e. above enclosed farmland
but below potential tree-line) which, although derived from woodland, is almost totally
treeless and anthropdgenic in character. It consists primarily of grasslands forthe grazing -
of domestic animals and deer forest. In Norwey the vegetatiOn of this sub-montane zone is
composed of Betula and Salix scrub and medium shrubs but in Britain these communities ,
are confined to inaccessible clnffs and Iedges The effects of graznng by sheep and deer on
the lichen flora of this sub-montane zone has not been studred but anecdota! evidence
suggests it may be considerable. _

Athird unusual character of the British mountains is the lirriiied extent of Snow~cover .
again due to the oceanic climate. This results in a more exfreme environment when
compared with contrnental areas where plants are protected from the harshest effects of the ,
winter climate by a thick snow cover, The specrahzed hchen ﬂora that develops around late
snow-beds is of great importance as it is likely to be among the first aﬁected by global

warming. The concentratmg effect of snow upon acidic deposition means that these
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communities are also in danger from air-borne pollution.
At a national level the montane areas are important as, although land over 815m (3000

ft) comprises only 0+2% of the land surface, of which 98% is in Scotland (Ratcliffe &

Thompson 1988) they are the main remaining area of natural vegetation in the British Isles.

1-4-2 Climate

The general nature of montane cltmates has been well summartzed by Barry 1992.
'Local contrasts of slope angle and onentetton give nse to such large vanattons inlocal
climatic conditions that it seems doubtful whether the conoept ofa "regionel mountaln |
climate" has much valldlty or value. Itis more meantngful to descnbe the typical range ot
climatic elements produced in partlcular topographlc srtuattons accordtng to the type of air-
flows that occur, bearing in mind the major controls of altttucle, }latltude and eontrnentel
location. o B ‘ L |
This statement is partrcularly relevant when consrdenng the eftect of clrrnete on .
vegetatton and espemally S0 when deallng wrth Itchens whlch betng low growxng, are
partrculany susceptlble to small local varlattens in chmate An example ot thts is the
contrast in temperature between the exposed sunny southern slopes ot a rtdge end the
shaded northem ones only a few meters away. Thts are often far greater then can be
expenenced over hundreds of mrles tn a more unttorm habttat a l‘act well tllustrated by the 7 ‘7 bl
work of Wolfe etal 1949 which is consrdered rn more detatl below lt ls however usetul to -
| understand the beslc weather pattem upon whtch the topography ects to produce the locel -
- cllmattc condttlons whtch prevarl in any area. Consequently, thls section Wlll ﬁrst glve an -
overview of the cllmate of the northern part of the Bntlsh Isles (ie. Scotland) where most ot
: the mountalnous areas are satuated Thls wil be tollowed by a constderatton of the spectel
problems and condrtlons of the cltmate of montane areas wrth bnef notes on how the clrrnate
i ot the other ma;or montane areas ot the Bntlsh leles drfter from that of Scotland lt wrtl also
gtve a bnef outlme of some of the meso~ end mtcro-cltmattc effects brought about by the .

topography ot the mountams and dtscuss the Bto-clrmatlc regtons ot the Scotttsh Hrghlands




1+4+2+1 Overall Climatic Conditions

Of Barry's three 'major controls' the first two - altitude and latitude - are of only minor
importance when considering the climate of the British Isles, the British mountains being of
relatively low altitude and latitude when considered on a world (or even European) scale.
The third factor, 'continental position', is what gives the British climate its special character
and, consequently, is of paramount irhportance to the climatic conditions which prevail in the

montane regions of the British Isles.

Oceanicity The British climate is overwhelmingly influenced by the proximity of the large,
relatively’ warm, mass of the North Atlantic Ocean, the prevaiﬁhg westerly winds giving rise
to a climate of extreme oceanicity which decreasee across the country from west to east
(Fig 1+2). The west coast of Norway does not experience a climate of such extreme -
oceanicity because above about 60° latitude the prevailing westerly winds give way to
prevaliling easterly winds due to the retation of the earth (Kimble‘ 1951 ). Consequently‘ the
“hyperoceanic regions of westem Britiysh Isles eiperience a climate which, if not unique, is
extremely rare elsewhere in the world (Figs 1+3 and 1+4). This can be quantified using
Kotilainen's Index of Oceanicity:- | b |

=Ndt/100a where:- N = precipitation (mm) ,
| dt = number of vemnal and autumnal days .
(mean temperature 0-10 C)
A = difference between mean !emperatures of warmest
and coldest months x¥ |

This was modified by Poore & McVean (1 957) who replaced N (precipitation) by No.o -
(Number of days with <0«1mm of rainfall) so that the Index becomes:-

K0.0 = No.0
| | KeomNoOdIO0s iy deologial
Unfortunately, values for No-0 do not exist in Wn&iata and s0 Poore &

McVean used N to compare thelr degrees of oceanncnty They found that most areas of .

Scotland have a higher degree of oceanicity than all but the extreme westemn seaboard of

Norway. However, because of the use of 'vernal and autumnal days' this undex is apphcable e

only in temperate regions of the world.
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More recently Averis (1991) devised a series of oceanicity indices based on annual
rainfall divided by temperature range which correlated with oceanic bryophyte distribution
(Figs 1¢2 - 1+4), He found that the most suitable rainfall value was the number of wet days
per annum (i.e. days with more than 1mm precipitation) and the best temperature range the
difference between the highest monthly mean daily maximum temperature and the lowest
monthly mean daily minimum temperature (Fig. 1-2). Unfortunately these two parameters
are only available for the British Isles and so these were replaced }in other arees by the
number of rain days per annum (i.e. days with rnore than 0+1mm precipitation) and the
difference between the highest and lowest monthly mean daily temperatures (Figs 1«3 and
1+4), This index gives excellent correlation for temperate areasvbut also gives high
oceanicity values for some tropical areas with little variation in temperature but which are
very hot and provide a poor environment for oceanic bryophytes’. ‘To» compensate for this a
temperature range value of the maXimum daviation of monthly mean daily temperature from
10 C was used. |

The main features of the British climate are all due to its ‘er(treme oceenicity. These
are:- | : s

a)alow seasonal variation in 'cloudinessvan{d temperature}.’ : :

b) high atmospheric hurridity and precipitation (mostly fatiihg as rain). :

c) highwinds. B | o =

d) high altrtudrnaI temperature Iapse -rate. ,
The other major character of the British clrmate is its extreme changeabrlrty Thrs Is due to -
the position of the islands mid-way between two semr-stable weather systems. the 'lceland
low' and the 'Azores hrgh' where the altemation between hrgh and low pressure is most - |
rapid; the perturbatrcn duct’. This zone, whrch lies across the Central Atlantic Ocean and
extends into the British Isles, results in an average of between 160 and 180 depressrons and
110 frontal systems passrng over the islands every year. The marn track of theoe systems
is between Scotland and Iceland and the British mountains, being situated marnly inthe
north-west of the country. are exposed to therr full effects. The locatron of the British

mountains also results in their being more inﬂuenced by polar arr than that from the troprcs
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F~jre 1-2. Map showing increasing degree of oceanicity across the British Isles from east

to west, (from Averis 1991).
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Degree of Oceanicity
High Low

Figure 1-3. Map showing degree of oceanicity of different areas of Europe. The unique
position of western areas of the British Isles is clearly indicated (from Averts 1991).
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Temperature This is an important factor affecting plant growth and distribution; in general it
decreases northwards whereas the temperature range decreases from east to west Itis
usually expressed wrth respect to two cntrcal temperatures, 0 and 5-6 Celsrus The former
rs the cntrcal temperature for lrfe in many specres and is convenrently lndrcated by the |
average dates for flrst and last air frosts it shows a strong maxrmum ln the Calrngorms.
with a lesser one in the N W nghlande and decreases westward (Flgs 1-5 & 1+6). 5-6 C ls
generally accepted as the level below which plant growth is lnslgnrt" cant and ls lndtcated by
accumulated temperature above this threshold It shows aless strong mtnrmum in the |
Caimgorms wrth one of equal magnltude in the Weetem nghlands (th 1-7)

An equally tmportant parameter lS temperature range whrch berng amelrorated by
oceanicity is greater in the east than the west Both annual and drurnal temperature ranges 5
reacha maxrmum in the Calmgorms (1 1 and 10C respectrvely) and decrease towards the
west coast (8 and 4 C). | | S |

Al these figures are corrected lor sea -level and although condltlons in the montane :

zone will be much more severe the general trends erl be srmtlar e

Pmbm The basrc ramtall pattern over the Scottleh nghlande ls one of decreeerng

annual averages lrom west to eaet On Jow ground theee range trom 1140mm en the weat S

- coast to 760mm on the east whlle at 1000m altltude they range from 3000mm on the lsle of. o ‘»_ b

Mull to 1500mm on Lochnagar Theee averagee can be exceeded at both extremee, the
, lowland shores ol the Moray Frth recelvrng as ltttle ae 560mm whrle the mountarne ol
1 Lochaber in West lnvemess recerve 3800mm The prepomenate tncreaee wrth altttude l ’
also greater in the weet than the eaet i | — '
| Al these ﬁgures are hrgh when compared to other areas ot the world They are a

consequence of the hyper—oceanlc nature of the Bntrsh clrmate and are a ma;or contnbutor |

to lts specral character N




F irire 1-5. Average dates of first air frost (period 1911-1940) recorded in standard

thermometer screens (after Meteorological Office 1952).
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Figure 1*6. Average dates of last air frost (period 1911 -1940) recorded in standard
thermometer screens (after Meteorological Office 1952).
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0-278 C

Figure 1*7. Mean annual accumulated temperature over 6*0C in Scotland for the period
1881-1915 (after Gregory 1954).
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The seasonal distribution of precipitation is also different between east and west and is
again a consequence of oceanicity The west of Scotland has a rainfall distribution
corresponding to that over the Atlantic ocean with a distinct minimum in spring and a
maximum in winter whereas the eastemn side of the couhtry has a more continental pattern
with a gradual rise throughout the year from January to December with slight maxima in late
summer and early winter. This difference can be illustrated by comparing the rainfall in
Aberdeen and Stornaway in July and December; this is about 75mm for both months in
Aberdeen and July in Stomaway but rises to nearly 150mm in Stomaway in December.

Apparently more important than total or average amount of rainfall is its duration. This is
usually expressed as wet days (more than 1mm of rain) or rain days (more than 0.2mm of
rain). McVean & Ratcliffe (1962) discovered that the distribution of rain days coincided

better with certain plant distributions than any other readily accessible index of 'wetness'.

Sunshine Input levels of this parameter vary little over an area the size of Scotland. They
are, however, greatly modified by the distribution of cloud cover (greater in the west), by the
shadowing effect of other mountains, and by the aspect and slope of the receiving surface

(topographic effects). These effects are dealt with in more detail below.

Wind Due to their proximity to the Atlantic Ocean, the British Isles are subject to high levels
of wind. Like other parameters relatéd to oceanicity, this decreases from west to east as the
effect of passage over land is to dampen down wind speeds - although this effect is less
pronounced at high altitude where there is less land for the air to pass over. Wind not only
has a direct, mechanical effect on vegetation and an abrading action through wind bome
dust and ice pérticles, but also has an indirect effect through increasing desiccation and

evaporation, and re-distributing snow in winter.

Potential Water Deficit This is perhaps the single most important factor for assessing the

climatic environment. Incoming energy from the sun is dissipated in two main ways; raising

temperatures and evaporating water. The ratio between the two is virtually constant atany
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location but changes with altitude, there being a slight increase in the proportion used to
evaporate water with increasing elevation. The potential evaporation (PE) at any location is,
consequently, proportional to the accumulated air temperature so although absolute values
are not always reliable general trends are well known.

Potential Water Deficit (PWD) is the difference between precipitation and PE and is,
therefore, lowest where there is either a high rainfall and/or a low PE . As the former occurs
in the west and the latter in the north, the north-west is the area of the country with the lowest
PWD (Fig. 1*8). The area of low PWD reaches sea-level in the west but climbs steadily
towards the east and is almost absent from the Cairngorms. If these mountains extended

any further east the area of low PWD would almost certainly disappear (Fig. 1*9).

Figure 1*9. Diagrammatic section across Scotland from the Western Isles to near Aberdeen.

The isolines are for Potential Water Deficit (in mm) as in Fig. 1*8 (from Green 1964).

These patterns of PWD must be treated with caution as it is only POTENTIAL
evaporation that is being considered; ACTUAL evaporation will, like any other climatic
character, be influenced by topography. Consequently, deeply shaded, north-facing slopes
in the Cairngorms will have a low PWD while sunny, exposed slopes in the west will have a

far greater PWD than maps and figures indicate.

In mountainous areas of southern Nonway rainfall is lower and PE higher than in Scotland
and, consequently, PWD is greater thus further emphasizing the almost unique climatic

conditions which prevail in Western Scotland.

-22-



Figure 1*8. Average annual potential water deficit in inches (approximate millimeter

equivalents in parentheses) (from Green 1964).
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1-4-2:2The Montane Climate |

Most weather stations in the British Isles are situated in the lowlands near the coast
(Taylor 1976). As a consequence, nearly all mformatlon onthe cllmate at higher altrtudes is
an extrapolation of data lrom these lowland statrone Even where statrons are present in the
uplands they are usually at a relatrvely low altrtude and assumptrons ooncemrng the cllmate
at hlgher levels is basedona Ilnear extrapolatron from only two or three readrngs a highly
suspect process. | : | i Sl |

The situation concerning details of the climate of the montane zone is even worse, ’, r
there being virtually no recent data‘ available and extrapolation being fraught with problems
and dangers due to the raprdly changlng condrtrons that prevarl An example of thls is wrth
respect to cloud cover and insolation. lnsolatron and temperature values generally decrease ,
with altitude duetoi mcreasrng cloud cover but when mountain summrte are clear of cloud
they reach values far higher than at sea-level (Hardrng 1979a). B : |

“When it comes to assessing the actual operatlng condrtrons of vegetatron in upland and
montane regions, a lurther complroatlon is thet measurements ere rnade ata stendard 1.5
metres above the ground and conditions at grbund level are likely to be vastly different.

Wolfe et al (1949) workrng in Ohro measured a number of clrmetrc cheracters (rncludrng

maxrmum and minimum temperatures and the dates when they occurred earlseet end lateet *

frost, and the length ol the frost- free penod) and found e greater range at ground level in the e

0.6 km2 of the Neotoma valley than were recorded at 1 5m in the 113 000km2 of Ohlo
However a good deal of scattered lnformetron is avarlable conoernlng the clrmatro u ,
- conditions whrch prevarl in the Brmeh mountarns and thesa have been sumrnenzed (T eylor z
1976) as'a combrnatron of low temperatures, severe wrnd exposures, exceeerve ~"_’ 1 o
preorprtatron, cloud and humrdrty, persretent wrnter trost and enow cover, detlclencv of i

sunshme poor vrsrbrlrty, contmual ground wetness and low evaporatlon

Arctrc»Akme? The term Arctlc elprne is often used to descrrbe the plant oommunrtres of
~many montane regions - includrng those of Great Bntarn However this | is an unsatisfactory ‘

' descnptron ae, although the two regrons do have in common a harsh climate of low mean .



annual temperatures and long periods of snow cover, the factore producing Arctic
environments differ tn meny respects from those which produ(:e alpine ones. This has been
stated by Beschel (1 970) thus: 'As we do not usuetly lump ...... | non-polar, non-etpine and
non-tree- covered vegetation of the remainder of the globe under one heading, one wonders
why a collective term should be applied to the vegetatron of arctnc and alprne regions ......
unless we understand its use as an mvoluntary expreesron of our rgnorance |

Arctic and Atprne condmons are the result of Barry ] two other ma]or controte Upon B
montane ctrmate hrgh latitude - whrch produces an Arctic clrmate and high altitude which
produces an atprne one. The dufterences can be summenzed asa greater variation in:-

a) Sunand Shade Temperatures ln Arctic areas |eve|e of solar radretton ﬂuctuate ona
seasonal Ievet whrle in alpme regions the ﬂuctuetnon is drumal The drtference inthe
angle of sunhght atso affects the amphtude of the temperature range L

b) Winds - Arctlc areas are no more or less wmdy than any other area but atprne regrons

‘ expenence extreme maxrmum and average wmd speeds Thls teede to mcreased
abrasron and evaporatlon as well asa redistnbutron of snow~cover : |

c) Retatwe Humrdrty Due to the increased ctoud cover over mountams atpme regrene

tend to have a hrgher relatlve humrdrty than Arctrc areas.

d) Soll Morsture Arctlc sons are mostly weter—togged for much of the year whereas etpme " :

: sorle beceuse of the extreme varratrone in slope, aspect and expoeure are often dry
‘and plants wil expenence penode of drought in areas whrch theorettcatty, have a hrgh
water surplue ‘ i e | St :
Another drfference rs tn the pattems of snowfetl wsth much of the Arctro recervrng trtﬂe
SNOW wherees some alpme areas recerve emong the hlgheet totals recorded anywhere
With respect to topography. Arctic ¢ areas are predommetety ﬂat wrth habrtats rangmg trom
wet meedow through dry heaths to fellf elds otten wrth Iarge expanses of each type wherees |
Atpme areas are often extremely varred topographrcatly resultrng ina small—scate mosaic of
ctrmatrcatty mduced micro- habrtats o ‘

Although itis rnappropnete to speak of an arctrc~a!prne clrmete or envrronmeht itis

possrble to descnbe a ptent as havrng an arctrc-alpme dlstnbutren elthough beanng in mmd




Beschel' s quote given above, this does display our ignorance of all but the most basic
ecological reqirements of that plant. | |

British montane areas are best considered as part of a continuum from Arctic (high
latitude, low altitude) to alpine (low latitude, high altitude) and are thus intérmediate between
the two extremes having some of the characters of each. Altematively they may be thought
of as outliers of either climatic type. The lichen flora has elements of both environments,

with a greater proportion belonging to the Arctic element.

Temperahure It is an over simplification to equate increasing altitude with decreasing
temberature. The rugged terrain causes rapid fluctuations in exposure to insolation and wind
with the result that a small-scale mosaic of meso- and micro-environments is producéd. e.g.
the vegetation on a south-facing slope will receive much more solar radiation than a north-
facing one (cf. below). '

However, the general decrease in temperature with altitude is evident in the early -
records from the Ben Nevis observatory (1984-1903) and more recently fomthe |
Caimgorms (McClatchey 1996). The data from the summit of Ben Nevis shows a mean
annual temperature of -0.3 C with mean houdy temperatures below 0 C frdm Octoberto
early May. Even in July the hourly mean only just exceeds 6 C for a few hours in the middle -
of the day with the monthly mean remaining at & C. The'ﬁgures from the Caimgorms
indicate a mean annual temperature of 2.3 C with 196 days of air frost and a continuous
period of 83 days when the temperature was below 0 C. | ;

However, all these measurements were made at the standard meteorological height of -

1.5m above ground level and condtions closer to the ground may be radically different. The =~

boundary-layer (a layer of still air a few millimetres thick above smooth suffaces, less above
rough ones and in windy conditions) constitutes a formidable bamer to heat and water-

vapour transfer between the ground and the air. In this region mixing due to convectlon by
turbulent air cannot take place and, consequenﬁy. heat is only transferred by conductton and
water-vapour by diffusion through air molecules. Mainly as a result of this, surfaces may

experience a temperature far in excess of ambient. Tumer (1958) working at the tree-line



(2070m) in the Gtztal region of Austria recorded a temperature of 80 C on bare, raw, dark
humus on a south-west facing slope - a temperature over 50 C above ambient air
temperature and 57 C higher than on a nearby north-facing slope. The highest temperatures
within the boundary-layer are reached under partly cloudy conditions, when the sun is
shining through gaps in the clouds and radiation from cloud reflection is also considerable.
These are also the conditions under which the most rapid fluctuations in temperature occur;
Turner (1958) recorded variations of as much as"lo C within a few seconds. However, as
wind speeds, in general, increase with altitude the boundary-layer will become smaller at
high altitudes and on very exposed ridges and summits may be virtually absent. In these
circumstances the above effects are likely to be less pronounced.

Snow-cover also modifies recorded temperatures as it has an insulating effect with the
result that temperatures beneath snow rarely drop more than afew degrées below zero. As
snow-beds often form in north-east facing coires which are, under normal circumstances, -
colder than exposed ridges and south-facmg slopes this amehoratmg effect will be

particularty pronounced

WndThe effect of wind at various levels have been sum marized by Barry 1992 '‘Overall -
dimensions and orientation of a mountain range with respect to the pravamng wmds are
important for large-scale processes, relative rellef and terrain shape are pamculaﬁy h
important on a regional scale, while slope and aspect cause strictly local differences of
climate'. | ; | : i , |
Wind is more influenced by topography than a!titude but the tWo basic altitudinal
influences work agamst each another vemcal compressnon of the air-flow tendmg to spead
it up and frictional effects tending to slow it down. However, in oceanic regions mountain
summits are mostly unaffected by frictional effects and this results in them being extremely
~windy places. Déta from the Ben Nevis 6bservatory over aypériod of 13 years at the k |
beginning of this céntury indicate an annual avérage of 261 géfes of forCe greafer than 50
mph (43 kt) compared with only 40 at sea-level (Pearsall 1950) while Dybeck & Green

(1955) workirg i in the Cairngorms recorded an increase of days with winds over 20 mph
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from 4% at Glenmore Lodge (300 m) to 20% at Caim Lochan on the summit plateau
(1100m.) However, winds at ground level may be as little as 15% of those measured at the
standard meteorological height of 1.5m (Stocker 1931; Whitehead 1951; Warren-Wilson -
1959) whereas wind speeds withih vegetation wi“ be even lower (Kreutz 1938; Ramdas
1946; Stocker 1923; Warren-Wilson 1959) |

Passage of air over a summit causes compression of the air-flow with a consequent
increase in wind speed. When speeds exceed about 25 knots turbulence causes mobile
frictional eddies to form on the lee slopes and wind direction is often reversed, while at
slightly lower speeds (20 kt) stationary eddies are formed. This effect which occurs, not
only with mountain summits, but also with boulders, stones and soil banks (Warren-Wilson
1959), is important for the development and maintenance of late snow-beds and their ‘
resultant plant communities. |

At a local level, winds generally tend to travel upslope during the day (anabatic) as the
air is warmed and downslope (katabatic) at night as it cools. However, contrasting ground
conditions can set up a variety of convectional flows - rising air being generated by relatively
warm areas, e.g. bare rock, dry coarse soil, sand, gravel, scree or rock debris; Iandeithout
snow-cover, and dry ground or vegetation; whereas relatively cool surfaces - which include
vegetated surfaces, wet heavy peaty soils, land with snow cover, ’and wet land or vegetatibn
- will not cause airtorise. | R B |
Precipitation The oceanic mountains of the Bntish lsles are extremely wet places The

annual mean rannfall for the mountains of Lochaber in West Invemess is 3800mm. Thls

figure contrasts strongly with those for more continental areas even though the latterareata =

higher altitude, e.g. Sonnblick at 3106m in the Hohe Tauem Austria has an annual mean of
1643mm, Mt Washington at 1917m in New Hampshire, USA receives 1784mm while the
Niwot ridge, Colorado, U.S.A at 3749m receives only 634mm.

It appears that British average rainfall gradients increase Iinéarly with altitude, although |
one study has shown an exponential increase (Harrison 1973). it has been calculated

Gloyne (1 968) that while the eastem coastlands of Scotland have an average annual g

duration of 500 hours precipitation, the north-west Highlands have over 2000 hours. As total
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average rainfall for the two areas differs by a factor of nine, this suggests that the intensity of
rainfall in the north-west Highlands is approximately twice that in the east.
Although rainfall is little affected by topography its effects on the environment are linked

with variations in rates of evaporation which are strongly related to topography.

Cloud Cover This is, in general, thicker over mountains than over the surrounding lowlands.
Mechanical uplift when an airstream encounters a tbpographic barrier is akprimary cause
although this may be augmented by convection effects due to slope heating. If an air parcel
is forced to rise it expands, due to the lower ambient pressure, and cools with the
consequence that water droplets condense from the air and clouds are formed. This
assumes no exchange of heat between the parcel and its sdrroundings, j.e. an édiabatic ’
process. When cloud is already present, the sllowing down of air by the mountain barrier
also leads to an increase in cloud water content.

Cloud cover is important for assessing the lavel of insolation which a montane area
receives but, unfortuhately, data for cloud cover in the British mountains are largely lacking.
The early records from the Ben Nevis observatory record a figure of 16% of available - |
sunshine. Most others appear to receive less than 20-25 %, with a gradient of increasing
amounts from west to east

ln a cloudless sky there is a 5-15% i mcrease in radiation wuth every 1000m of alntude
but due to increased cloud-cover raduatlon levels are actually lower over much of the
uplands than the surrounding lowlands. This amounts to approximately 10% over the lowest
500m but is probably not signiﬁbant in limiting plant growth, extreme bold and high windé
being more important in this respebt. Howevér,’ gkound above‘ 500fn fnay be abdve c}laud e
level and. consequently, radiation levels are often higher than in the lowlands. Hardirig -
(1979a) recorded a mean increase in insolation of 35% over three sufnmer months betWeen
the summit of Caimgorm at 1245m and the nearby Glenmore Lodge at 341 m, whnle in the
Alps, Sauberer & Dirmhim (1 958) indicated that the dally mean values of solar radlatton for
clear skies are 21% higher at 3000m than at 200m in June and 33% higher in December.

Unfortunately this solar radiation maximum occurs too early for vegetation growth as ground
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conditions delay warming until late summer, although this is probably not as significant for
lichens as for vascular plants.. These data also illustrate the similarity in environment -
between the Alpe at 3000m and the Caimgcrms at appro)timetely one third the elevation
Perhaps the most |mportant factor relatmg to cloud cover is occult precnprtatton (i.e. that
derived from water droplets in fog or low cloud) ThlS is lrkely to be a major input into the
water relatlons of montane ecosystems and, especrally for lrchens and other organisms with
a poikilohydric nature, possibly plays an trnportant role in determining their distribution. It is
unclear whether F’WD data take account of occult precipitation, if not, much of the work on

climatic zones may need modifying.

lnedation The amount of solar radiation reachlng the 'earth's eurface is reduced bypaeeage
through the atmosphere due to retractlon and reflectlon by dust and water partlcles some
wavelengths are affected more than others. These affects will be greeter at hrgh |etrtudes as.
the radiation has a longer column of air to pass through but lower at high altltude as most of
the dust and water vapour is concentrated in the lower atmosphere Further, due to the

lower angle of mcrdence of the radiation at high latltudes the effects of scattering are further :

magnrﬁed When the sun is at 90" tc the honzon 92% of energy recelved at the surface ls

direct radtatlon whereas when the sun le near the horrzon (8") 50% of the energy recewed le' o

by diffuse redretlon (Allee et al 1949) The wavelength composrtton of rellected lrght is o |
different lrom that of direct Ilght betng rlcher ln long wavelengths (rnlra-red) |

CA further drtference in northem areas is the greater lrnportance of radratlon asa meane .

of energy exchange. whereas m troplcal end temperate reglons convectron and conductton = ;

are the most |mportant routes. ‘It is lmportant to thmk not in degrees as measured by a
thermometer, but in joules of heat tlowlng from a souroe toa recerver or ecoumulatrng body i
(Pruitt 1978) ‘ | ’

- Cloud cover greatly mﬂuences the effects ot radletlon as lt is more or less t'a”sparam to .
dlrect lnsolatron but opaque to the lnfra~red radratlon of reflected lrght Thts reflected long-
‘wave radletlon can be trapped by even thin cloud greatly i tncreasmg the surface temperature

although air temperature may remaln substanttally unaltered



Alitudinal, temperature lapse-rate The British Isles have among the highest lapse-rates in
the world due to the steep temperature gradients inherent in the cold polar &ir which affects
the British climate. However, as lapse-rates are higher in dry air than in moist thereis a
confiict between the higher incidence of polar air inthe west and the lower humidity in the
east. The large variations due to topography make meaningful comparisons between areas
difficult but lapse-rate viues appear 10 be higher in the eastern mountalns than the westem
ones. There is also evidence of an increase from north to south for the same reason.

As very few weather stations are in the montane zohe most lapse-rate figure for the
British mountains are extrapolations from upland ones and assume a linear relationship with
altitude. Work in southermn Norway has showh that a linear relationship does existup to (at
least) 2000m. (Det Norske Meteorologiske Institutt 1960), resuits suggesting an exponential
increase (Meteorological Office 19753, Taylor 1976) are probably due tothe lower stations
being coastal where there is @ horizontal as wellas a vertical temperature gradient. The
Meteorologlcal Office has adopted a standard |apse rate of 6 C per 1000m rise in elevation
for mean temperatures (with 7 C for maximum temperatures and 5 C for minimum). These
are lower than actual recorded levels which range from 6.4-7.3 C per 1000m (Marley 1943,
Smith 1950; Oliver 1960, 1964). Harding (1978), using data from weather stations
throughoust the British ls\es, quotes values for maxlmum temperatures of up to 10.2 C per
1000m with an average of approximately 8.5 C |

Like most other aspects of climate, Iapse-rates are aﬁected by tOpography wh\ch

.produces !ocai and regiohal vertical air flows. Work by Hardlng (1 979b) inthe Penmnes
indicated that the effects on minimum temperatures of the very local topography arounda f
sita could be as great as the effects of altitude, whereas the variation in maxzmum | |
temperatures was primarily accourted for by altit tude. Lapsewrates also show seasonal
Vanatton with the highest values occurring in Spnng falling gradually {0 2 minimum in the

winter months.

M ThlS is, in essence, a spec:\al form of precnpttatxon but \ts eﬁects are s0 diﬂeréht v

from rain that it is best treated separately Snow dxffers from rain xn that it persssts onthe
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Surface after it has fallen and is, consequently, redistributed. Winds blow it away from
€Xposed slopes and it collects in sheltered hollows out of reach of the prevailing winds -
Usually on the eastern sides of mountains. The thermal insulating properties of snow are
Well known and prolonged snow lie has a strongly modifying effect on the exposure of plants
associated with it, so much so that characteristic communities develop. This aspect will be
dealt with in more detail in the section on late snow bed communities.

Late snow lie also has a meso- and micro-climatic effect. Dus to its effect on the
albedo of the ground much more radiation is reflected back into the atmosphere whereas,
because of the latent heat required to melt the snow, less is available for raising air and
ground temperatures. Consequently, temperatures in the immediate vicinity of snow beds
tend to b lower than in nearby areas. Large areas of snow lie produce their own air

Currents and micro-climatic systems.

Cﬁm of Other Montane Areas The climate of the other pa&s of the British Isles with
Mountainous areas have a similar climate to Scotland with oceanicity being the factor of
Over-riding importance. The West of Ireland has a more oceanic climate than mainland
Scotland (equivalént to the Outer Hebrides) with a difference in mean temperature of the
Warmest and coolest months of around 8 C (between 9 and 10 C on the west coast of
Mainland Scotland rising to 11 Cin the east). The oceanicity of Northem- Englarid (North
Pennines and the Lake District) and Wales is sllghtly Iower due to the ameliorating effect of
the lf=1ndmass of Ireland to the west (Pentecost 1987). The other two pnncupal factors
affecting climate, Iatltude and altitude, create similar small dlfferences in the climates of the
other areas. In all cases these are Io’wer‘with the fesult that the climatic conditions,
Principally temperature, are less severe. In the mountains of North Wales annual
‘a‘CCUmulated temperature above 5+6 C is in the region of 825-1325 whereas in Scotiand it

fanges from 300-500 over much of the high-ground dropping to <300 on the highest ground. - -

144+23 Effects of climate on ichen distribuion

These are dealt with in detail in ’Chabt‘er 3‘,'but are summarized here. The maun éffect :
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on the lichen vegetation of increasing oceanicity is as a consequence of the lower potential
Water deficit which produces almost permanently water-logged soils in the western regions
of the British Isles. This severely restricts lichen growth so that many terricolous lichens are
largely restricted to drier eastemn regions (e.g. Alectoria spp.) whereas saxicolous lichens
become much more important in the west. Increasing oceaniéity also results in montane
Species descending to near sea-level in the west (e.0. Comicularia normoerica,
Pseudephebe pubescens, Stereocaulon tomense). The same effect is also apparent with
increasing latitude with species such as Brigantiaea fuscolutea occurring at sea-level on the

northem coast of Scotland.

14:24 Meso- and Micro-cimate |

As mentioned above, large scale climatic sySte‘ms are‘extensively modified by the
Physical montane environment often producing such a heterogeneous mosaic of small-scale
climates that conventional chmatxc data for an area s likely to be misleading. These can be
due to either topography (slope, aspect, etc.) or vegetation and surface features and are
Mmuch more Pronounced in montane environments than in most others due to the lack of
ameliorating factors. Although the ternis meso- and micro-climate respectively are most
often used, topo- and enviro-climate have also been employed (Geiger 1966) The climatic
elements most affected are solar radlatlon prempltatlon and wind - the last havmg a
consequent effect on the distribution of late-snow beds. ' |

Tumer (1980) considered the factors affecting montane micro-climate to be:--

a) slope ifradiation ‘ | ¢) depth of snow cover - -

b) wind exposure , d) density and height of ground cover
A&b) being lndependent variables and ¢) & d) dependent ones. |
US‘"Q these variables Tumner defined four types of micro-habitat:-
a) sunny windward slope o C) shaded windward SIopé :
b) sunny lee slope |  d)shadedlee slope :
TheSB four categones are better conmdered as meso-cllmatlc types and form a basic sub-

dlwsuon of the montane environment upon which other mlcro—clnmatlc features canbe .
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SUperimposed,

Frank & Lee (1966) showed that, for a latitude of 50° N under clear skies, a 45° south-
facing slope received four times as much solar radiation as a similar north-facing one.
Presumably, for the higher latitudes of the British mountains (56-58°), these differences would
be even more Pronounced. Similarly, Tumer (1958) reported a surface temperature of 80 C
on black humus on a south-west slope of 35° in the Otztal, Austria compared with only 23 C
Ona nearby north-east slope while Shreve (1924), working in the Santa Catalina Mountains
near Tueson Arizona, found that maximum soil temperatures were more affected by aspect
than minimym ones - an effect which was more pronounced at higher altitude. These effects
are modified by ground conditions, vegetation reducing them and bare rock increasing them.

Another important micro-environmental effect is that of albedo, the amount of light (and
heat) refiecteq by a surface. This is of greatest importance in the vicinity of late-snow beds
(fresh snow can have an albedo approaching 100%) but differences in albedo of other
Surfaces (due to their colour, texture, wetness, etc.) can have a srgnlﬁcant effect on the Iocat
Cllmate |

Rocks, boulders and even small stones also gréatly rhodity their immediate environment,
Mani (1962) cites diumnal air temperature ranges of 24 C in June at 4000-4500m on the south -
Slopes of the Hnmalaya compared with only 5-7 C in msect niches beneath rocks where the .

elative humidity was also rarely below 90%. Air-flow is also modified; Gloyne (1955)

indicates that an obstacle will setup eddy currents in its wake up to 15 times its height
Whereas Warren-Wilson (1959), investigating the flow of air over and around boulders and
Vegetation barriers, recorded a reduction in wind speed of 80% for a distance three to ﬁve
times the height of a barrier of 50% density. He also lnvestrgated the effects of wmd on -
Evaporation and temperature ﬁndnng that both were closely related to wmd speed However,
Oke (1 972) has pmnted out that areas of mcreased roughness will disturb the air-flow and
‘ncrease mixing and, in the case of snow—beds result in areas of increased warmth occurnng ’
down-wmd from them. Because llchens are low growing they will usually inhabit the boundaw- 5
layer and high wund speeds wull oﬂen be beneﬁcral by |owenng excesswely high temperatures |

Areas of late snow lie, whrle largely the result of small scale climatic effects themselves
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also contribute to the micro-climate by reflecting incoming radiation onto adjacent slopes and
modifying air-flows.

Lichens are generally extremely specific in their ecological requirements and, as such,
their distribution is controlled by the availability of a certain habitat. This applies at all the
levels considered here. Many species have a distinct oceanic or contlnental distribution
(maCFO-Chmate), others are more or less confined to damp coires or more exposed ridges
(meso-climate) while st others are confined to rock faces of a particular aspect ( micro-
climate), |n Practice, any or all effects may apply to a single species, i.e. a lichen may usually
0ccur on the north-sides of boulders in damp coires in oceanic areas. | |

However thig makes no allowance for the extreme ecological specialization of lichens,
Particularly micro-lichens, These may inhabit a very precise ecological niche, e.g. near the
top or the bottom of the rock, in a slight depression or on a slight protrusion, in an underhang,
associated with bryophytes, etc. All these habitats have their own micro-climates and if we
Consider tha climate produced by the slope and aspect of the slde of a boulder as micro-

Cllmates thenitis perhaps appropriate to describe that associated with the relief and other

Characters of the boulder face as nano-climates.

144:2:5 Climatic Regions in the Scotiish Mountains

Altitude alone is an unsatisfactory character to use in determining whether a site is
Montane'. By def nition the montane zone starts at the potential tree-iine but, as this is rarely -
Immediately obvious, as grazing has extensively modified the natural vegetation, the
Character most often used is the lower limit of prostrate Calluna vulgaris. These two _
Characterg are compared in Table 1+1. , | |

The two do not always correspond as there is cons:derable variation in both factors due
'0 degree of exposure. This is shown by Birse who gives three different altitudinal limits for
Prostrate Calluna from Ben Kilbreck, Sutherland which range from 455-610m depending upon =

the degreg of exposure
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Tablo 1+1, Comparison of potential tree line with lower limit of prostrate Calluna vulgaris
(from Birse, 1971 ang Birks 1988)

e —————

| Potential Tree-ine Prostrate Cafuna
Caimgorms 700-800m 650-700m
Central Grampians 700-800m
N.W. Suthertang 550m 300m
Isle of Skye 450m
FarNw. Sutherland 350m
Orkney & Shettand 200-300m sea-level.
\

Birse (1971) divided Scotland into a number of bioclimatic sub- regions based on
accumulated temperature over 5.6 C, degree of exposure, accumulated frost, and potentlal
Water defcit. Using acoumulated temperature he defined an oroarctic zone of <675 day C
Which he further subdivided into a orohemiarctic (676 to 500), a lower eroarctlc (500 to 300)
and an upper oroarctic (<3ClO) sub -zone. He modified the thermal sub-zones with higher
accumulated temperatures (boreal and temperate zones) by taklng account of degree of
eXposure but only did thls to a more limited extent for the oroarctlc zones. He also duvnded
Scotland mto a number of 'humldlty zones' based on Potential Water Deﬁcrt three of whrch
Occur in the oroarctlc sub- Zones, perhumld (PWD <-500mm), extremely humid (PWD Oto

-500 mm) and very humid (PWD 0 to +25mm) and three oceamcrty sub- sectors based on
accumulated frost at sea-level, hyperoceanic (<50 day C of frost), euoceanic (50 to 110)and
hemloceanlc (>100) these values being calculated from an arbitrary altitude of 180m in
Central Scotland to allow for variation i in altitudinal and latitudinal lapse rates _

By comblnlng these criteria a theoretncal total of 18 cllmatlc regions w:thln the montane
Zone of the British Isles are obtalned However only elght are actually present and some of
these are of extremely limited extent (e.g. types 1 and 2 in Table 1+2 - which only occur at a

few Dlaces on Orkney, Shetland and in extreme N.W. Sutherland)



Table 1+2. Climatic regions of Birse 1971 present in the montane areas of the British Isles.

Oceanicity Humidity Temperature Code

1) Hyper-oceanic very humid lower oroarctic (O1H2A2)
2) Hyper-oceanic extremely humid lower oroarctic (O1H1A2)
3) Hyper-oceanic perhumid lower oroarctic (O1P A2)
4) Eu-oceanic extremely humid ~ lower oroarctic (O2H1A2)
5) Eu-oceanic perhumid lower oroarctic (O2P A2)
6) Eu-oceanic perhumid upper oroarctic (O2P A1)
7 Hemi-oceanic extremely humid lower oroarctic - (O3H1A2)
8) Hemi-oceanic extremely humid upper oroarctic (O3H1A1)
e ————

These zones are calculated for a theoretical, level surface and will, of course, be greatly
Modified by the topography of an area. In particular the temperature differences between
North and south-facing slopes already mentioned will result in the north-facing slope and
Coires having a much more extreme environment than the more clement south—facing ones.
Itis probabye, therefore, that vegetaﬁdn representative of each type will be found in areas
assigned to one particular zone and that areas with a 'montane’ chmate and vegetation will
be found wel below the theoretical altude.

- Forthe Purposes of this study, ‘montane’ is used as being equivalent to the two
Oroarctic 2ones of Birse (1971), although some areas which fall in his orohemiarctic sub-
Z0ne are alsg considered in the westem, hyperoceamc sub-sector where degres of
®Xposure is very high. : |

More recently Brown et al. (1993a) divided the Scottish uplands into eight bio-
9eographical regions by multivariate analysis of plant commlinity data. Three of these are
frie montane regions - high, South-Wést Highland; high, North-West Highland plateaux and
high, East Highland plateaux, while a fourth, hlgh North-West Highland ridges, also has -
Some montane characters The montane areas mcluded in these four categones are shown
in Table 143, In a companion paper (Brown et al. 1993b) various envnronmental variables
(aspacts of Iocation, topography, climate , geology, geomorphology, climate and Iand-use)
Were analysed in a similar manner, It was found that the most important tactors were those

- :__37__ o



rel i .
ated o, in decreasing order, oceanicity; altitu

de and latitude. They specifically mention

that :
geology, except in extreme cases (i.e. the Breadalbane Hills) was of very little

cons: i - T o : .
equence in determining the distribution of plant communities. Itis expected that lichen

communiti : . \ . . " -
nities, which are either saxicolous 0% if terricolous, have 8 more intimate association

wi . .
ith the soil, will be more affected by changes in geology-

Table 1+
) 993; 3. Sites (with site numbers) assigned to the four \montane' regions in Brown etal.
). Only sites where good survey data were available were included in their analysis.

Region 1 (High S-W Highland)
56 Ben Nevis

57 Bidean nam Bian

58 Creag Meagaidh

59 Ben Alder/Aonach Mor

61 Drumochter Hills

68 Meall Buidhe

?2 ?:n Lawers/Meall nan Tarmachan
eall Ghaordie

71 Meall na Samhna

T
2 Creag Mhor/Beinn Heasgamich
73 Beinn Laoigh

74 Beinn Dubhcraig
75 Ben More/Stobinian

‘2‘:::1 2 (High N-W Highland plateat)
n More Assynt/Breabag

28 Beinn Dearg

30 Fannich Hills

37 Monar Forest

38 Affric-Cannic Hills

Regon 3 (High East Highland plataux)
31 Ben Wyvis o
42 Monadliath

A8 Eastem Caimgorms

52 Lochnagar ‘

53 Glen Calleter

54 Caen\ochan/C\ova

60 Coire Bhachdaidh

62 Beinn aGhlo

67 Cam GormlMeaﬂ Garbh

76 Ben Chonme

egon 4 (High N W H'.ghland ndges)
7 Cullin
16 Beinn Sp;onna\dh
17 FomavenlMeaH Houm
18 Ben Hope .
22 Ben Kilbreck
24 lnverponlenockan .
o7 An Teallach |
og | efterewe Forest
42 Beinn Alligin ’
33 Beinn Eighe
35 Beinn Bhan

- ® Squrr na Ciche



1.4-3 Geology

1+4<3+1 Infroduction

The major factors which determiné large-scale plant distribution in montane areas can
be aftributed to the various effects of cimate; i.e.the degree of oceanicity, and the harsher
environments due to increasing altitude and latitude. However, the geology of anareais
also liable to be of some significance.

The geology of montane Scotland is extremely complex put much of the variation has
ltle bearing on plant distribution; how a fock Was formed and how long 2g0 are only
botanically significant in so far as they affect the composition of @ rock. Ferreira (1 959)
found that 'there is often as much variation in vegetation within any one geological formation
as there is between two refatively contrasting formations. ... this variation in the vegetation
is often associated with varying lithology within 3 single geological formation.

The terms ‘acidic’ and 'basic' are used bY botanists and geologists 10 describe very
different types of rocks. Geologically, they only refer to lgneous rocks; 'pasic rocks were
des'gna'(ed as such in comparison to "acidic rocks' which were ong\nally defined as rocks
containing over 66% silica. ‘Basic rocks' then pecame rocks contamrng less than 66% siica |
and 'Ultrabasic rocks' those with less than 45%. The terms have now been rnodrﬁed wrth
the quartz and ie\dspar content being important rather than that of srhca, but the generaj
pattem remains. Geologically ‘basic rocks' ¢an be very rutrient-poor and usua!ly support an
extremely dull \ichen fiora, i.e. gabbro Botan\ca\ly basrc rocks are any type of rock which
Contains free bases in the chemical sense and are invariably nUtﬂeﬂ"“Ch and SUPPOﬂ a
diverse flora. Conversely, 'acid rocks do not contain free bases and generally supportaless .
diverse fiora, In this work, ‘pasic' and ac cidic' are always used in the botanical sense un\ess |

otherwise stated.

1+4+3-2 Types of Rock |
- Much of Scoﬂand is composed of metamorphosed rock and its com’posit'ron,' :
Darttculaﬂy its base content, depends upon the nature of the rock before metamorphosis .

occurred. Consequently thero is frequently more variation wnthm geologically similar rooks :



than there is between widely differing ones. The three major types of rock; metamorphic,
Sedimentary and igneous, will be dealt with in tum.

Metamorphic Rocks

These are by far the most frequent type of rock in the Scottish Highlands. They can be
divided into three chronological series which are also arranged geographically from north-
West to south-east (Fig. 1+10). They are dealt with in order.

Lewisian - This is mosty restricted to the far north-west of the mainiand (west of the Moine
Thrust) and the Hebrides with occasional inliers further east. It forms a very ancient
landscape which has been heavily eroded and few high hills remain, although the Letterewe
Forest group north of Loch Maree (e.g. a 'Mhaighdean) are a notable exception The rock is
Predominately gniess and mostly very acidic but occasional basic areas are to be found,
although these are often of very small extent and hard to locate.

Along the line of the Moine Thrust, later Cambrian rocks have been metamorphosed to
form Quartzite and these often result in high mountains, e.g. Beinn Eighe, Liathach, |
F'°""1Van Arkle. However, quartzne isa nutnent-defﬁcnent rock and supports a very
impoverished fiora, -

Maine - This series formé the ‘undedaying rock of much of the Highlands. It extends from
the Moine Thrust to the Great Glen Fault and beyond th:s eastward to the Ca:mgorms
(hich are a granite intrusion) and southwards roughly to a line joining Oban and Braemar.
These are a!so predominately acidic rocks, ch|eﬂy of quartzite, feldspars and granulate but
also with occasional schists. .
Dalracgan - - These cover the area to the south and east of the Moine series and north of the 7
Highland Boundary Fautt, They are the most botanically important of the three series. They |
include much basic schist - most notably in the Breadalbane Mountains of Central
Perthshire and further east in the Glens of Angus, as well as seams of metamorphosed
limestone (e. g. Ballachulish, Blai Athol) which occasionally utcrops atigh altitude, o. o
Coire Cheap in the Ben Alder range.



MAINLY LEWISIAN

AND TORRIDONIAN UPPER PALAEOZOIC

MOINIAN LOWER PALAEOZOIC

DALRADIAN LARGER GRANITIC
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REGION OF TERTIARY
VOLCANIC ROCKS

R gra 1»10. Map of metamorphic rock series and major granitic intrusions in the Scottish
Highlands (from Craig 1990).



Sedimentary Rocks

These are mostly restricted to the vicinity of the Moine Thrust and the adjacent area of
Lewisian rocks. By far the most extensive is the Torridonian Sandstone which forms &
number of high mourtains, ©.g. A Teallach, Ben Mor Coigach and the isolated hills of
Assyrtt (Suilvan, Canisp, Cul Mor, otc.). This rock is also mostly acidic atthough, as with the
Lewisian, small, isolated, base-fich areas do occur.

The other sedimentary rocks which outcrop along the line of the Moine Thrust are of
Cambrian age and are botanically important as they range from the mildly calcareous |
semuiite grit to the pure Dumess limestone. Thesé rocks rarely cover large areas of form :
high mountains. The largest single exposure of limestone is & \nchnadamr.)h butitonly
reaches a moderate altitude, whereas gmall exposures 0 of serpuiite grit and the more
calcareous fuceid beds occur at high aittude on BeT Eighe and Mullach Coire MFie

Fhearchair to the north of Loch Maree.

lgneous Rocks

These are rocks formed by voicanic activity and can be divided into extrusive, intrusive |
and pyroclastic rocks. | ‘ g
Extrusive rocks are formed by lava flows spreadmg out over an already formed landscape-
Basalts are by far the most frequent type and these are concentrated around the areaof
Tertiary volcanic activity on the west coast of Scotland. They aré comp‘i’S@!d of a number °f |
separate lava flows (twenty or more on the T mttemtsh ridge in nonhem Skye) wh\ch can

result in a layer over 1000m thick. The separate flows can be seen as honZonta! bands (Fig-

1+11) and as each lava flow has a somewnat different minerology, ranging from very acidic e
to fairly basic, the lichen flora they subport varies accordmgw : | :

Other types of extrusive rocks (andesites, rhyolites) ocCur occasmnal!y elsewhere, e.9:
the summit of Ben Nevis and in Glen Coe Fig. 1+12 and can also be botamcally \mportant S
m rocks are fermed when a volcanic lava solidifies pefore it reaches the surface but

is later eXposed by weathering of the overlying rock. They are more widely distributed than - :

Sxtrusive rmks and are to be tound scattered over much of the Scomsh Htghlands

‘,-424- |



Figure 1-11. Cuithearaing (Quiraing) on the Trottemish ridge, Northern Skye; showing

successive lava flows.

The most frequent type is granite and as this is a relatively young, hard rock, it often forms
very high ground (e.g. the Cairngorms). The other main type of intrusive rock is gabbro
which forms the Cullins of the Isle of Skye. Both granite and gabbro are very nutrient poor
rocks and support a correspondingly impoverished flora.

Pyroclastic Rocks are formed of material ejected from the vent of a volcano. They occur

associated with other igneous rocks and can be botanically important.

1*4*3*3 Gedogteal Factors which Influence Lichen Distribution

Basic Rocks - The presence of basic rocks is the single most important geological factor
influencing lichen distribution. The location of limestone outcrops in the Scottish Highlands is
shown in Fig. 1*13, which also shows where these rocks outcrop at high altitude.
Weathering - How a rock weathers (and, consequently, the range of habitats available for
lichen colonization) depends very much upon its structure and hence its geology. This is

admirably demonstrated on the Isle of Skye where the rounded contours of the granite Red

-43-



Hills contrast with the jagged sky-line of the gabbro Cullins (see Craig 1990, Fig. 13*12) and
the dramatic land-slips and lava flows of the Tertiary basalts of the Trotternish ridge. (Fig.

111y

Figure 1-12. Aonach Dubh, Glen Coe; showing the basic, richly
vegetated andesite strata below overlain by almost bare acidic

rhyolite strata (junction shown by arrows).

Schists are characterized by their foliated structure and weather readily to form a
detritus and numerous micro-habitats which more irregularly structured rocks do not
produce. This is the main reason why even acid schist is a better lichen substratum than

most other rocks.
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FUCOID-BEDS

BASALT

Figure 1-13. Map showing the distribution of strongly basic rock in the Scottish Highlands.
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Glaciation Thig is a very special kind of weathering and has had a dramatic effect on the
'andscape of the Scottish Highlands. It is the cause of the deep north or north-east facing
Coires which feature strongly in the anatomy of many mountains. Itis often the case that
the southem slopes of a mountain are smooth and grassy with only the occasional rock
°'~'t°f°D Whereas the northem side is cut into by deep, rocky corres (Figs 1+15and 1+16),
These coires often provide excellent lichen habitats and are lnvanably richer than the |
Southem slopes due to the generally damper (but not wet) conditions, lack of competition

from higher plants and the increased range of microhabitats.

144:34 Interaction of geology and climate |

Geology also has an indirect influence on lichen distribution. Variations in the hardness
of racks and the extent of ‘glaciation resultin different topographles which modify the general
climate of gn area. In partrcular towards the west of Britain mountains tend to be rugged
With Sham peaks and deep coires whereas the mountains with the most massive forms with
more rounded pleteaux-like summits are distributed towards the east. This reinforces the
cOhtinenteﬂ-terncolous/oceanlc saxicolous llchen distribution by providing better saxrcolous '
habitats i, the west and more terricolous ones in the east. In this case, and many others, rt
s often not Possible to clearly separate the influence of ciimate on lichen drstnbutron from -
that of geology. For example Arthrorhaphis vac:llans ASplCllla melanaspis, Buellla paprllata,
Nephfoma arctlcum and Rinodina mn/area have been recorded inthe Bntlsh Isles only from
basic rocks or soil in the oceanic area of Scotland. In Scandinavia, however they occuron
&cidic substrata. An interesting extension of this phenomenon is the dnstnbutuon of spacies
Such ag Phaeophyscra endococcina which appears to be base mdrfferent in the NW | ‘
Hrghlands of Scotland but is restncted to base—nch rocks further south (The Enghsh Lake g ‘
Dlstnct) and east (Ben Lawers Angus) In its more easteny locahtres itis subjected to a
Much more continental climate. e e |

Llchen drstnbutlon isa result of a number of mteractlng c!rmatrc and geologlcal factors

- Which arg usually lmpossble to separate It is not yet possible to make more thanvery -

Qeneral correlations between llchen dlstnbutron and the clumate but some progress has been’ ,,
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Retire 1*15. Ladhar Bheinn (Knoydart) from the south; showing smooth rounded vegetated

slopes with little exposed rock.

Figure l'la Ladhar Bheinn (Knoydart) from the north; showing a deep coire with bare rock

and loose boulders which are an important lichen habitat.
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Made in relating lichens to rock-type, particularly with regard to its pH.

1435 Classification

Brown e al. (1993b) devised a classification of the geology of the Scottish Uplands
Which they used to assess the relationship between the geology of a site and its plant
COMmumty dwersnty They outline the difficulties involved, i.e. that much of the biologically
Televant daty (rock pH composition, metamorphism and weathering properties) are not
available for the Scottish Highlands and were, consequently, constrained to work with
Mapped Variables, j.e. chronologicel sequence and general lithology. Not surprisingly given
these Constraints they detected very httle effect of geology on the diversity of plant
' Communities, with the notable exception of the Breadalbane Mountains i in Perthshire.

Their classuf cation is given in Table 1+4. They divide the main chronologlcal series into
basic, intermediate and acid rocks but do not specify whether these terms are used in the
8eological or botanncal sense The use of these terms for metamorphlc and sedtmentary
focks Suggests a botanlcal usage while the use of mtermed:ate the Iack ofa ’basuc sub-

division of the SODJ series and a rellance on mapped vanables suggests a geologlcal one.

Table o4, Rock types |dentxf‘ ed by Brown et al. 1993 as POfe”t'a"Y havmg an effect on he |
dlstnbUtlon of plant communmes in the Scottlsh nghlands T |

“T%im S ~ 2)Moine 3)Mm
abasie a) acidic a)basic
b) intefmediate | , o L - b) lntermedlate
rf:)acidic C R R T c)acndlc o
4’%0rdommoemm i -~5)emms(meatmmswm):m .,
&Jwassiccsopy 6)Exlmswebasaftsemlavas ;
_ dintermediate enkunmvebaspcdykes
- bacide G B)Limesm e

* This classification obviously has severe limitations when assessing the influence of =~~~

- 9eclogy on plant distribution. Apart from theprobl’ems menti’oheq above it ’ipakee o




distinction between acid or basic basalts and lavas. Of more value would be a classification
based Upon lithological variation (i.e. the composition and texture of rock).

thmsiﬁm - By far the most botanically important aspect of the composition of a rock is its
PH and this can be readily ascertained in the field by using indicator species. Most rock can
be Considered to be acid (siliceous) unless it supports species indicating more basic
conditions. Intermediate (sub-basic) rocks are indicated by some of the less demanding
SPecies of the Rhizocarpon petraeum nodum (James et al. 1977), e.g. Caloplaca
flavovirescens, Catillaria chalybeia, Pertusaria flavicans, Polyblastia theleodes, Rhizocarpon
Petraeum, Porpigia speirea, etc. while truly basic conditions are indicated by Collema spp,
Gyalecta Jenensis, Leptogium spp., Placynthium nigrum, Solorina sar:cata, Toninia
Sfomatica, and an abundance of pyrenocarpous species.

The only other chemical characteristic of major botanical consequence is metal
enfichment. The only metal ion that is at all frequent is iron, readily indicated by the
Presence of Acarospora sinopica. Heavy-metals are also encountered occasronally but
these also have a unique, easily identifiable lichen flora assocrated with them
Texu.e - This can be assessed by recording a number of characters of the rock being
Studied ¢, g. hardness, schlstosrty, ﬁne/coarse~gra|ned Unfortunately, there are no means
of readily assessing these vanables in the field. |

In this work the composmon and texture of rocks are only assessed subjectively.
AlthOUQh this is far from ideal it has the advantage over using mapped variables that the
Variables are at least relevant to plant distribution; a subjective assessmen‘t'of ‘acid or basic'
or'fine or coarse grained’ rock ié. more important than knowing if the rock is part of the
Moine or Dalraidian series. :

Other montane areas of the Bntlsh Isles have a similar mlx of acid and basic rocks as
the Scottish Highlands with the former dominating in all cases. Only inthe Northem '
Pehnlnes are there extensrve limestone outcrops ata moderately high altrtude (to 4 Om) but
these have not been properly surveyed and are not considered in this work, There are also ‘
Significant basic outcrops in North Wales and the West of Ireland but only small amounts i in.

the Lake Dlstnct
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Subduplex (Nyl.) Printzen - Collected from two sites on the Ben Lawers NNR. It
0 » »
CCurs over bryophytes in shaded situations. Distinguished from B. vernalis by being

c
Ompletely colourless internally.

B"‘-’Eﬂm{% (Sommert.) Tuck. - Collected from base-rich, montane heath on the Beinn
Eighe NNR, Overgrowing bryophytes (and possibly Pannaria pezizoides). Differs from B.
iNsionie wh:

"15nis which occurs in a similar habitat, by its smaller ascospores (18-24 x 8-10um) and

ab .
Sence of oil-droplets in the hymenium.

idea Oculata Wirth - Collected from Glen Clunie (S. Aberdeen). This is the sorediate

m . » ; NS
Oh of Fuscidea intercincta and probably not worthy of taxonomic recognition.

Ya marginata (Schaerer) Hertel & Rambold - Previous British records of this species
, %8 referable to L. atromarginata (H. Magn.) Hertel & Rambold which differs in having innate
apOthech and containing stictic acid instead of atranorin. All British specimens of L.

Marginata, from the Breadalbane mountains and Cam Eige, lack usnic acid (subsp. elata).

lac'de& ktecatra Nyi. - Locaﬂy frequent on hard, ﬁne-gralned acnd rocks (partlcularly
- Quartzitg) throughout the Scottish Highlands. It has a yellow thallus (contalmng usnic acid)
With black, innate apothecna The first record appears to be by B.J. Coppins from Ben Avon.

L Dromism Nyl. - A member of the L. auriculata group but with a less massivély L
e"e'oped exciple with wider hyphae. It has been recorded from exposed sandstone boulders

& high altitude in the NW Highlands of Scotland and on the SldeS of gramte boulders at
"tefmednate altitude in the Caimgorms where it appears to be qwte frequent Probably

Overlookeq e!sewhere

L Promiscua Nyi A member of the L aunculata group but with a well-deve|oped thallus i
Which i 1S UV+ whitish due to the presence of 2-0-methylperiatolic acid. Only recorded ln the

s



British
Isles from the Northemn Caimgorms but probably overlooked elsewhere.

Ls :
Ycarpa Zahiby. - Similar to L. paupercula but with norstictic acid in place of stictic acid
and s
maller ascospores. British collections also appear to have a thicker thallus. Recorded
Onar
9ranite boulders from the Northern Cairngorms and Aonach Mér (Lochaber) but probably

Overlog
ked for 1 Paupercula, although this species is itself not common.

o A Swartzioidea Nyl. - Frequent throughout the montane/upland areas of the British Isles.
revi
'Usly confused with L. lapicida var. pantherina (syn. L. lactea) from whlch it differs in

havin
93 dark brown, not pale brown to colourless, hypothecuum A number of collections with

aden
Sely pruinose apothecial disc (L. lithophiloides (Nyl.) are referred here.

b”a‘m"ﬂﬂ (A Massd ) Knoph & Leuckert - Known from a single gathering on the Ben

Lawg
'SNNR. it is s:mllar to L. stlgmatea from which it differs primarily in that the hymenium

IS rich ; i oil droplets.

Padium Coralloideum (Nyl.) Lynge - Occasional over bryophytes i ln damp crevices on the
en
Lawers NNR and the nearby Meall na Samhna. It consists of numerous, olive -brown,

Coralloig Squamules.

©a marginata Coppins - Although not restrlcted to montane areas this species |s
Pa
mc“'aﬂy frequent around areas of prolonged snow-lie where it is always abundantly fertlle

No
ther habitatg apothecla are rare. ltis also famy frequent elsewhere in montane areas but

h
3 only been seen with pycnidia.

M .
"iuidica Wjenstmemu (Du Rne!z) Rambdd & Ove—l.arssm ined- Occas&onal onthe tops of

aci
idic bou|ders in the Catmgorms and rarely further west (Ben Lawers Ben Cruachan). Itis

i
Milar to M, nigroleprosa but lacks psoromic acid (Pd-) and has a darker grey, almost black

thallus |




Phyttiscum demangeonii(Moug. & Mont) Nyl. - On quartzite boulders below waterfall
(probably flushed by base-rich water (Fig. 2*2). The small brown-black, peltate thalli and

12/16 spored asci are diagnostic.

Figure 2*2. Phyliscum demangeoni, Ben More Assynt Forest. The only British collection
was made from the flat quartzite boulder on the far right of the picture.

Porpida grisea Gowan - the sorediate morph of P. tuberculosa. Probably worthy of recognition

onlyat infraspecific level. This taxon is discussed more fully in section 2*3*2*2 (p. 170).

Porpida ochrolemma (Vainio) Brodo & R. Sant - Known from two collections from the
Snowdon range in North Wales. This species has a smooth orange thallus, blue-grey

punctiform soralia and contains stictic acid. P. melnodes is similar but has a more areolate

thallus and contains confluence acid.

Porpida zeoroides (Anzi) Knoph & Hertel - Recorded from the Ben Lawers NNR and one
locality in Argyll (Ben Sgulaird). It differs from P. superba in the apothecia having a black, not

brown disc and the outer edge of the exciple being white pruinose (Fig. 2*3).
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Figure 2*3. Porpidia zeoroides. (Magnification: x4)

Pseuephebe mindscula (Nyl.) Brodo & Hawksw. - On top of granite boulders in the Northern
Cairngorms. Similar to P. pubescens but with flattened branches, especially near the point of

attachment where it appears almost foliose, resembling a Parmelia (Melanelia) sp.

Rhizocarpon anapenjm (Vainio) Vainio - The first British collection of this member of the R.
obscuratum group was made by W. Watson from 'near the summit of Snowdon' in 1929
although it was mis-identified as R. grande. It has subsequently been correctly recorded from
a number of Scottish mountains (usually on pebbles in damp coires),Camedd Llewellyn in
North Wales (where it is abundant) and from spoil on four disused metal-mines in Mid Wales.

Itis characterized by its dark brown to orange thallus, small apothecia and broadly ellipsoid,

muriform ascospores.

Rhizocarpon cbereongnxn Vainio - Recorded from two areas of prolonged snow-lie in the
Scottish Highlands (Ben Ghlas and Aonach Mor). ltis very similarto R. badioatrum from

which it differs in the presence of stictic acid in its thallus (R. badioatrum lacks lichen
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fined to high altirudes (R.

sub i being coniin
stances) and its ecology of ing
of sub- _montane/lo

occast :
sionally inundated rocks on the margins 0

streams).

Recorded fro

Rhizocarpon
\ submodestum (Vainio) Vainio -
onach M¢
) or (prolonged snow-lie). Distinguished bY its small
ing stictic acid and pers'rstenﬂy 3.septate ascospores-

er moribund pbryophytes on granite

Hertel & Rambold - Ov
Mor. Distinguished

ontaining

Rimularia sphacelata (Th. Fr.)
Y.
by its white thallus €

bou
der on the north ridge of Aonach

ted, m\ca—schrst rocks at
imilarto T. pyrenophomm put has larger
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In ada S |
ition to those additions to the British fichen flora listed above a rumber of taxa were
r&(‘,Q(d oo . . ' :
ed for the first fime in the British |sles this century- e L
Micares st R
submoestula - Known from several sites o0 the tertiary pasalt of Westerm geotiand, .
001 : S R
) rotternish (Skye), Ben Hiant (Ardnamurchan), Ardmeanach (M. Previously onty : e
ow - e L
n from a 19t century reGOfd trom the West of \re\and ' ~ /
| .
mm gothica - Known from severa! Scomsh mounta\ns where \t grows over bryop ytes :
ons .
umnmit heaths and around areas of pro\onged snow-lie. Not recorded in Bnta\n smce
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P. helvet :
helvetica - Frequent in similar habitats to P. gothica. This taxon has been recorded this

ce
ntury but was considered to be very rare.

T .
Ohimia rosulata - Callected from a single calcareous mica-schist crag above Lochan nan Cat
on

the Ben Lawers NNR. Previously known in Britain from only two 1gth century records,

also from the Ben Lawers NNR.

212 Unidentified Collections

During the i investigation of the British montane lichen flora approximately 50 apparently
Undescribed taxa have been discovered and the taxonomic position of some previously
UNplaced entities elucidated. A number of others appear to resemble taxa not pfeViOUS‘Y
fecorded from the British Isles but have yet to be confirmed as such.

Most names are working, herbarium names and have yet to be validly published. The
SXCeptions are Catilaria gilbertil Fryday & Coppins, Halecania bryophila Fryday & Goppins, H
Mieacea Fryday & Coppins and Stereocauion plicatile (Leighton) Fryday & Coppins. 1tis

Possible that some of the entities described below are extreme variants of known spacies.
ecia pilati stbsp pachyttM adint - full descnptxon in sectton 2e202.
nelia andreacaicold ad int. - full descriptipn in saction 2+2+2.

'A . s , ‘ o
- Orised ad int. - full description in section De2s2,

Aspicita aff, grisea - Collected from Coire riam Beitheach in Glen Coe. This entity differs ffom o

A griseain its much paler, white thallus and in norstictic acid being confined to the spredia.

One collection only.

it

A

4
+




- sp. - Known from a single collection from limestone near Shiehallion, Mid
erthshire, thi \ ;
shire, this species has numerous white apothecia onan almost non-existent thallus

growi
ng over bryophytes. One collection only.

Bryanora 2 ser L
?seplentrionalis - a specimen from the summit ridge of Aonach Mor {Lochaber)
agrees with thi _ ‘ .
S with this species (which s close to B. curvescens) in lacking norstictic acidin the
exci . )
ple, However, it agrees with B. curvescens in all other respects and is most probably a

Norstictic aci :
ctic acid deficient strain of that species. One collection only.

Placa ?nsignis - Collected from Glen Lochay (Killin). This appears to be a parasitic
Speci - . e
‘ 88 on Aspicilia caesiocinerea but the material is poor and a definite determination

impose
Possible. One collection only.

C. of vitotr: ‘ .
- Vilellinua - Coliected from vertical andesite in Glen Coe where it is quite ‘frequent. It

has a thy;
a thin yeﬂow to orange cracked-areofate thallus which becomes dispersed towards the

mar
gin and concolorous apothecia. One collection only.

Dr U. Sachting (Copenhagen) says of this collection ™. similar to what has been called C.

vitell
. linula auc, ... The complex is by now badly understood, so a more PYBC‘SG identification

'S probably not possibié at pfesent."

Catilaria gitbext Fryday & Coppins ’sp. nov. - full description in secﬁoh 2;2-2.
%"Mia(nys 'amawﬁ ad nt.- fu“ dééériptién in section 2-2~2 . |

G Wﬂemms adint. - ful deScription in secﬁoﬁ 2:2:2.

%&"’“’" subtamld adint. - ful descnptxon in section 2:2+2. Thls spec&es is c!ose!y

rel
ated to Lecanora tenera which has recently been moved to Chostomum (Ekman m ed ) o

- -59~
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" Yiospora ‘Suburceolata” ad int. - Lichenicolous fungus. Known from two collections from
8 Be
N Lawers NNR and one from the nearby Meall na Samhna, this species is lichenicolous

onan
{identified, grey crustose lichen (possibly "Lecidea’ hypnorum). ltis similar to D.

Urceol,
alabut differs jn the persistently 3-septate ascospores and other minor apothecial
Characterg,

dea poelii” ad it - fu description in section 2¢2¢2,

F et pracnp,
H - Occasional to abundant in hyper- oceanic areas of Scotland (Outer
Bbrig
) ©S, Isle of Mul, Ardnamurchan) this entity is chemically identical to F. praeruptorum but
iffers ;
"M that the thallus consists of dispersed areoles on a black prothallus and that the

Sorali

Qare discretg and punctiform. Itis most probably a growth form of F. praeruptorum.
‘ a bryophila Fryday & Coppins sp. nov. - full description in section 2:2-2.
% Micacea Fryday & Coppins sp. nov. - full description in section 2¢2¢2,

Nelia ?pallicty - Collected from the top of an acid boulder in Ardgour. Its distinguishing

Char,
ACteris its colourless thallus and apothema One collectlon only

org ?komaens:s Collected from shaded rocks in the Outer Hebrides and Mar Forest
Bra
emar, This i s a yellow, leprose species which contains usnic acrd lt is locally abundant in

thls
habitat in upland regions of the British Isles. -

dea aff Mpemla’ Known from several sites in the Scottiéh Highlands (Isle of Mull,
R
annoch, Strontian, East Perthshure, Angus) it has a small (usua!ly <2cm dlam ) pale grey-

br
Own, Atrobrunnea type thallus wnth an I+ blue medulla but all other spot-tests negatwe It

m Lo
Ost Closely resembles L. paupercula but that spectes has a more wude—spreadmg, red brown oy

to
dark grey-brown thalflus which usually reacts K+ yellow Pd+ orange (stlctlc amd) A

-




SPeCiman i . .
Pecimen is with Dr H. Hertel (Munich).

:"Qdeaaﬂ. Plana - Collected from the top of a boulder in pasture in Glen Lochay (Mid-
erthsh; ,
shire) and from the summit of Ben Lomond (Stidingshire). It differs from L. planain

havi :
"0 athick, grey thallus and possibly also containing confluentic acid in addition to planaic
acid,

"f‘-’ibaaﬂ_ haerjedaica - Collected from granite on West Lewis (Outer Hebrides) and

Sliceous rock on Fraoch-bheinn (Westemess). It has a reduced atrobrunnea-type thallus with
W spoy tests reactions negative (including I), no substances being detected by tic. Itis similar
L harjogaicy but differs in having a dark brown hypothecium, lacking an I+ blue medulla :
Malso Possibly having slightly larger ascospores (10-12x5-7um).

q aff. anomaloides - Collected from Creag Loisgte near the summit of Ben Lawers. It
iffer . _
# from L anomaloides in having a pale exciple. One collection only.

aaff @sema - Known from a number of sites in the Breadalbane Hills, as well as Glen

Coo. Kimpon - : :
» Kintail, ang Beinn Dearg (Wester Ross), this entity differs from L. asema in its less
ve - _ ) ,, .
Mucos, pinkish thallus and larger apothecia. A specimen is with J. Knoph (Berlin).

La""% 8p. - collected from the Trottemish ridge on the Isle of Skye and the Snowdon
- % in North Wales. Itis minutely fruticose and has been placed in Lemmopsis by Prof.
P, : ‘

M. Jergensen (Bergen). ' |

% 8. A’ - Collected from Clisham, North Harris. Contains psoromic acid

LMSD-B'-CoIlected from Glen Bhaltos, West Lewis. Contains ?rangiformic/ robcéllic
acid, | o BT SRR
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asplea SP. - collected from damp pebbles at >300m from two sites in Scotland; Glas Maol
and B; . .
'dean nan Bian, It has colourless, 1-septate ascospores 15x7pm constricted at the

Septy
Manda green photobiont (i.e. not Trentepohlia).

. ridca aff. infrudens - Collected from Creag na h' Achlarich on Beinn Heasgamich
d . , -
. Yday 2236) This entity resembles M. intrudens although it does not appear to be parasitic.
rG. " .
Rambolg (Miinchen) remarks of this specimen ".. by habitus very similar to M intrudens

[TT the i . '
lichenicoloys growth as well as the thallospores efc. are not to be stated undoubtedly.

M.ct ; |
- MStrata - Collected from Coire nam Beitheach in Glen Coe (Fryday 3300). Dr Rambold

remar ' . ) . '
ks'... The Specimen fits mostly with the combination of characters in M. instrata.

Morioy ,
8P. - collected from montane heaths on Ben Lawers and Beinn Heasgamich this
enti
¥ has a brown thallus consisting of brown 'sphaerocysts' (green algae inside a globose,

fu .
. "%al sheath) ang occasional small, lecanorine apothecia with 1-septate ascospores 15-18 x
56,0
Y Hm,

rodochia tartarea 1. sorediatd adint. - ful description in section 2+2+2.

Ythium aff, aspevellum - Collected from damp schist in the Breadalbane Mountains and

Snowdon range in North Wales. It has long, narrow, terate brown lobes forming a

icontinuous crust,

P R . |
af. ngrum . Fairly frequent throughout the Scottish Highlands on basic rocks. ltis always

Sterj .
Brile and differs from P. nigrum in that the thallus is covered by a mass of coralloid isidia.”

"3 2nigratula - Collected from two localities in the Breadalbane Mountains. It resembles
Mammillosa but has a coralloid thallus recalling Zamanhofia. A specimeniswithA.
Orange (Carify. "

-




Porpidia’ confluenta’ ad int. - tull description in section 2+2°2.

P- [ ] - .
striatd ad nt. - ful description in section 2:2°2-

of sites throughout the Scottish Highlands, this entity

P. .
aft. flavicunda - Known from 2 number
ifters in the thallus alway

s lacking lichen

res .
embles P. flavicunda macroscopically butd
persistent smooth,

cacidinP. flavicunda s.str.). The apothecia have 2

substances (confluenti
e and hypothecium always contain

wide - .
margin with a slightly pruinose disc and the excip!
on the problems surrou

to Porpidia {Section

K+red pi
d pigment. A fuller discussion nding the orange species of
23+2+2)

Poridia is ai
orpidia is given in the notes on the Key

od mine workings &l Strontian, this

one collection from disus
ing an orange thallus W
aracter otherwise only

sibly belongs in the clos

ffers

p.
smaragduld - Known from

S ']
pecies resembles P. melinodes in hav

ith blue-grey soredia. Itdi
known in the genus in the

in it distinet:
its distinctive bright blue epithecium -2 ch
gly related Famoldia.

very di
ty differert P. hydrophila. This collection pos

mically idéntica! to P. contraponenda but with soredia.

P
alf. contraponenda - Che

not rare in the Scotish Highlands. it is chemically

sa much thicker, more

P. aff. glaucophaea- This species
- This species 1S

simi
imilar o the lowland P. soredizodes put ha

warted thallus.

P. | o
m'var. sorediatd ad int - full description in section 2:2°2
Rhizocarpon' caesium adint. - full description in section 20202

R colak |
colludens’ (Nyl.) ad int. - fult descriptionin section 2+2°2.

cription in section 2-2-2. ~

R |
M“abm'madu'fuudes

8-



R.'subla .
vatum ad int. - full description in section 2¢2°2.

R i\ .
sp.'A’ (Gilbert et al. 1988) - Also collected from a further site on the Ben Lawers N.NR.

Further work needed.

opalospora kugubis ‘subsp. sorediatd ad ¥t - full description in section De2e2.

Il description in section

coppiﬁcunb-mv.-Fu

this entity somewhat resembles Fuscidea

M TR
Crust'A' - Collected from Glen Coe,
prown thallus with creamy,

gothobu i : :
rgensis but contains stictic acid. ithasa

Sored
oredia. One collection only.

punctiform,



2+2 TAXONOMY
2+2+1 Introduction

Many of the uridentified collections made during the course of this study aré well enough
understood {o be formally described, either because they are very gistinctive (e.g-Amefia
andraeaeicola’, Halecania ‘bryophila’ Lecanora 'subtenera’, €1C ) or because they are
relatively frequent (e.g. Chromatochlamys ‘confusur’, Porpidia ‘striata’, Rhizocapor
‘sublavatum’, ‘etc.) . In preparation for this, descriptions of these taxa are provided below.

Although some of these taxa were giscovered before this particular research programme
was begun they are included here as knowledge of tneif distribution and ecology has
increased during the course of this study. Most of the ricroscopic work and all the work on

their systematic position with relation 10 other taxa has aiso taken place during the period of
this study.

22+1+1 Infraspecific taxa

The tendency to reproduce by the production of vegetative propagu\es rather than
sexually is much more fequent in fichens than itis in vascular plants. In vascular p\ants these
often occur in montane habitats (e. g Deschamps:a cespztosa subsp alpina, Festuca vivipara,
Huperzia selago, Poa alpina, Persicaria viviparum Saxifraga cemua) as an adaptanon to
Stress and the short growing season (Raven &Wahers 1956) Due to the nature of hchens as
dual organisms the ro\e of vegetative reproduct\on has 2 dnﬁerent function. Rather than bemg
an adaptatmn to siress it is a colonizing mechanism as both symbionts are mvolved whereas
in Sexual reproduction only the mycobiont is propagated. Conseauently, in montane habitats
where lichens are well adapted 10 their pamcular . ecological niche, fertile reproduchon is
tavoured and the product\ on of vegetative propagules oceurs primarily in species whichalso
oceur in an atypical habitat (e.0- damp rocks) oras an extensuon of a\ntudmal range. Of the
282 taxa identified as montan® specialists (section 3*1 '2) 27 pdeUCO vegetatwe propagules
Ot these 17 are low-montane {1 0+24%), 10 mld-montane (9+6%) and none are h\gh—montane,
Suggesting that vegetatlve reproducuon becomes less iavoured wu.h mcreasmg altitude. |
Although 6 of the 18 new taxa descnbed in section 2¢2°2 reproduce vegetatwe\y this is mored

..-65..



Gonsequence that they have been overlooked in the past than an indication of the importance
of vegetative reproduction in montane lichens. Of these 6 taxa, two (i.e. Fuscidea poeltiiand
Poridia confluenta) appear to be confined to montane habitats, and F. poelti reproduces
Sexually in addition to vegetatively. Of the others, Porpidia superba var. sorediata occurs in
Much damper habitats than the typical form, whereas the other 3 appear to be reproducing
Vegetatively as an extension of their range. However, the phenomenon described for
vascular plants may also be of limited occurrence as the frequent woodland species Micarea
Cinerea almost invariably occurs in montane heaths as its anamorph (see section2-2+1+2).

A great deal of thought has been given to the level at which to recognise infraspecific
taxa, in Particular those entities which are clearly morphs of already described taxa but |
feproduce Vegetatively by the production of soredia, isidia or pychidia rather than sexually
"hrough the production of ascomata. Traditionally, following Du Rietz (1924), these were
Considered tq be distinct species and this has also been the level chosen more recently by
Tensber 8 (1992) when he described the sorediate morph of Micarea peliocarpa as M.
coppinsii, n general, however, the recent trend is to afford the productlon of vegetative
Propagules Jess significance and they have usually been treated as forms (Tehler 1983,
Gilbert g Coppins 1992) or sometimes not afforded any taxonomic recognition at all (Sipman
1983, Niebel- -Lohmann & Feuerer 1992). Thrs latter solution is the most appropriate where
Vegetatwe and sexual propagules are produced on the same thallus, as occurs, for example,
in some Species of Fuscidea (e.g. F. cyathoides, F. intercincta, F. kochrana F. lygaea) but
Where thg two means of reproduction occur on separate plants this indicates a significant
Genetic difference whrch is worthy of taxonomic recognmon Inthis case the vegetatively

"eProducing morph must be recognised taxonomically as otherwise the information regardmg
its distribution will be lost, L

Poelt (1 994) reviewed this preblem concludiyng that where asexual reproduction is the
only, or major, form of reproduction then the entity should be treated as a distinct taxon.
H°W9Ver the examples he gives are of species pairs where the two morphs are separated
ge%raphlcally, often on drfferent continents, whereas those considered here usually occur

togethef or are, at most separated only by altrtude or substratum preference Where there
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38 1o other significant differences (e.g. in morphology or chemistry) | consider that to treat
them at Species rank is to give them too great a distinction. This would also disguise the
Close relationship between the two taxa.

Some infraspecific rank is, therefore, appropriate but the decision as to which is not
Obvious, Although 'form' s the rank most often used (Dirina massiliensis f. sorediata, Lecidea
Pyenocarpa f, Soredlata, Thelidium papulare f. sorediatum, Verrucaria macrostomat.
Rirfuraceg), 'subspecies' (e.g. Lecanora campestris subsp. dolomitica) and ‘variety' (e.g.
Fuscidea Cyalthoides var. sorediata, Schaereria fuscocinerea var. sorediata, Stereocaulon
f/esuwa,,um var. nodulosum) have also both been employed. In all these cases there are
littlg, if any, other changes in thallus morphology or chemistry.

Because differences in method of reproduction imply a greater genetic difference than, for
®Xample, morphological or chemical differences | consider the rank of 'subspecies’ to be the
most appropriate for thoge vegetanvely reproducing morphs where ascomata are unknown or
extremely rare, This is also the rank given to vascular plants which reproduce vegetatively
g Deschampsia cespitosa subsp.alpina). The other two infraspecific ranks may be more
3Ppropriate where the main differences are morphological or chemical, including those
eQetatvely reprodiicing morphs which occasionally, or even regularly produce apothecia.

The Quidelines | have used for deciding which rank to assign an entity are given in Table
24, ‘

I \
:ﬂe 21, Guidelines used for decudmg to which taxonomic rank to assign vegetatively
Producing morphs of fertile specnes

\
M Ascomata unknown or extremely rare. Additional significant differences (i.e.

in morphology, ecology, distribution or chemistry).
M Ascomata unknown or extremely rare. No other significant differences apart

Vit from ecology.
ety Ascomata occasionally present. Addmonal signlﬁcant differences.
m Ascomata occasionally present. No other significant differences.

No Ascomata usually present. Additional signiﬁcant differences.
Rank Ascomata usually present. No other significant differences.
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Unfortunately it is rarely possible to determine from published sources whether the
production of soredia etc. is accompanied by @ corresponding decrease in the product'lon of
ascomata (e.g. Purvis et al. 1992)- Original descriptions aré sometimes of use put these also
often just report the presence of vegetative propagules, especially older descriptions. They
are also often based on an unrepresentatwe range of specimens. ltis also dangerous 10 rely
on an examination of herbarium specimens for the same reason;these rarely give atrue
fepresentation of the relative abundance of ascomataina population as i is usually the best
developed specimens (i.e. those with apothecia) which are collected. Howeve, if all, or the
majority, of herbarium specimens of 8 taxon are sterile thenitis probably gafe to assume that
the taxon rarely produces ascomata. Itis only by an examination © ofa representatwe range of
specimens that the correct rank of an entity can be ascertamed and for this there is NO
substitute for field work. | |

The situation conceming pycnidiate morphs (anamorphs) of fertile species is somewhal
more complicated as although plants are 10 b found reproducind solely by pycnidia. these are
also frequently to be found on fertile plants. The case of Micarea cinerea and its anamorph is
agood example. The anamorphis @ frequent lichen of acidic montane heaths and the fack of
apothecia led toits being descrivedas @ separate gpeciesina new genus (Hast:fera
tenuispora Hawks. & Poelt 1986). However, a!though the anamorph rarely produces
apothecia the fertile p\ant often produces pycmdta and soto@ accept it at the rank of
Subspecies probably overstates its distinctiveness. In this case the presence of ecological
differences (M. cinerea usually ocours over bryophytes in 4amP woodlands) and the
occasional occurrence of apothecxa is sufﬁcnent to warrant recognition atthe rank of 'vaﬁety’
e, Micarea cinérea var. tenuispora). similarly, the  anamorph of Micarea marginatais known
trom a wide range of saxicolous habitats (\ow\and walls to pebbles in montahe heaths) but itis
only regularly found with apothecia in the vicinity of areas of prolonged snow-lie where the
a"‘a"‘m)h is unknown. To recogmsa the anamorph at \nfra-spemﬁc level, possibly 'var'\ety', V
makes eco\og\cal sense although Trapeha obtegens shows a slrm\ar dtstnbut\on but the SNOW-
bed plants are apparent\y mdxstmgunshable from the lowland ones. Thisis dxscussed more :

tully in Chapter 4. The case of the common up\andlmontana spe;:tes Fuscidea cyaythoides '
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fepresents a different situation. Mosaics of this species frequently include some plants with
PUMerous pyenidia but no apothecia among the normally fertile population. This is similar to
the case of Sorediate morphs among fertile populations of other species and such plants are
Probably not worthy of taxonomic recognition.

When the differences are confined to morphology, ecology or chemistry the choice as to
which infraspecific taxon is most appropriate can only be based on the number and degree of
the differences In both cases described below, Adelolecia pilati subsp. ‘pachythallina’and
Rhizocafpon colludens subsp. rufoatra’ differences in all three characters are involved and
S0 the highest infraspecific rank is used. If the differences had been fewer or less pronounced
then Variety' or 'form’ would have been more appropriate. It would have required differences
in 3pothecial anatomy for the taxon to be recognised as a distinct species.

The application of the guidelines outlined above to already described montane taxa will
"eSUtin a number of changes of taxonomic rank. Among these are that the sorediate forms
OF Lecidia Pyenocarpa (L. pycnocarpaft. sorediata Coppins & Fryday) and Thelidium papulare
(T. Papulare 1, Sorediatum Coppins) will be raised to subspecies level whereas Lecanora

S0ralifera would become L. intricata subsp. soralifera.

In Aaddition to the new taxa described below a number of other systematic adjustments
conceming taxa frequent in montane areas are also required. “These include:-

1) The Micarea assimilata group - This group of species (M. assimilata, M. incrassata, M.
Paratropa, M. submoestula) differ from the type specnmen of Micarea (M prasina) in a
Number of respects - |

they have relatively large ascospores and re!atively stout paraphyses, 105-1+7(-
- 2:0)um thick (0-5-1 1+0pm in M. prasina ) which are simple but branched above
(branched and anastomosing in M. pras:na) :

t"ley have a well-developed thallus composed of thick, corticate, convex areoles which

lack lichen substances.

* they usually have cephalodia 'containing Stigonema or are associated with loose
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Colonies of the Cyanobacterium.

" they Mmostly have an ‘arctic-alpine’ distribution, in the British Isles being confined to the
'ops of the highest mountains i the Scottish Highlands. The exception is M.
Submoestyla which has an oceanic distrbution. In the British Isles this species has
been recorded recently only from the tertiary basalt of the west coast of Scotland.

They do, however, all have a micareioid photobiont.

Two other species of Micarea (M crassipes and M. melaenida) have also been
prOViSima"y referred to this group (Coppins 1983). Although both lack the characteristic
Cephalodia of the group they share a number of other characters which reduce the
distinction of the M. assimilata group from the rest of the genus. M. crassipes has an
ercic-alpine’cistrbution and a bryophious habitat but ifers in having apothecia with a
“ell developeg exciple and a more granular thallus. The non-British M . melaenida has a
Southem, low-atttude distribLtion, occurs on sandy soils, has a less well-developed

thallus ang Smaller apothec:a If M. crassipes is accepted as a member of this group

then the name He/ocarpon Th. Fr. is available.

2 The Wem‘um leucophaeopsis group - This group of species (S. Ieucophaeopsis, S.
omense and, the recent new combination . plicatile (Fryday & Coppins 1996b)), form a
Well-defineq group within Stereocauloh. They all lack pseudopodetia, their apothecia
developing from between the thalline areoles, and they all have a dark hypothecium.
They also lack well-defined cephalodia, although loosely associated colonies of
CYanobacteria are often present. Other species of Stereocaulon all have apothecia borne
on Pseudopodetia and have a hyaline hypbthecium. They also regularlyv bear well-defined
cephalodia However, théy share the same ascus‘ structure (Porpidia-type) as the rest of
the genusg and have a similar chemlstry (atranonn plus stictic or lobaric acids). They also
have Similar ascospores, although the submunform ascospores of S. pllcatlle are | |
SOmewhat anomalous.

Itis probable that these three speciés shduld be: recoghised at secﬁonal, S;Jb—generic

Or even generic level.
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2.9+ Descriptions of New Taxa

Sufficient material is to hand of the following enifies for them tobe confidently described

New Genus (1)

Amelia

New Species (13)

Amelia andreaeaicola

A. grisea

Catilaria gilbertii Fryday & COppins
Chromatochlamys confusum

C. geislerioides

Cliostomum subtenera

Fuscidea poelti

Infraspecific taxa (5)

A i
delolecia pilati subsp- pachytha}ﬁna
0 .

chrolechia tartarea . sorediald

Pomidi
pidia superba var. sorediata

New Combirations (2)

R N
hizocarpon colludens

a ) -
s taxa new to science. Two new combinations are also made.

Halecania bryophila Fryday & Coppins
H. micacea Fryday & Coppins
Porpidia confluenta

p. striata

Rhizocarpon caesium

R. sublavatum

Rhizocarpon colludens suosP. rufoatrum

Ropalospora lugubris subsp. sorediata

Ste ,
reocaulon plicatile (Leighton) Fryday & Coppins



Adelolccia pilati 'subsp. pachythallina' ad int.

Typus: Caledonia, Argyll Main (V.C. 98), Glen Coe, Coire nam Beitheach, 27/1454,
1075"1, vertical, S-facing acid rock (?rhyolite) in NE-facing coire, 14 August 1992, A M.
Fryday 3405 (E-holotypus)

Thallug cracked-areolate; areoles flat to slightly convex with a shiny surface; 0«1-
025mm thick, white. Photobiont chlorococcoid, cells 9-15um diam.

Apothecia black, lecidin e, 0+4-0-8mm diam., with a persistent, slightly raised proper
exciple, flat, becoming slightly convex when over mature. Hymenium blue-tinged, 1+ blue, N+
red, 35-48ym tall; epihymenium dark blue, N+ red. Paraphyses simple to sparingly branched
"ot swollen at apices. Asci clavate, 30 x 15um, Biatora-type. Ascospores hyaline, simple,7-8
X34um. Hypothecium pale to mid brown. Excipulum composed of radiating hyphae 4-5um
Wide, pale to mid brown with dark brown cortical cells, K+ magenta solution (7-chloroemodin).

Conidiomata not seen.

Chemistry: C-, K+ yellow, Pd-, UV-; atranorin, zeorin in thallus and 7-chloroemodin in
SXciple by TG,

Adelolecia pilati subsp. pachythallina differs from subsp. pilati in its thicker thallus, smaller

%othecia with less pronounced proper exciple and the presence of zeorin in the thallus.
Britigh SPecimens of the two varieties also show an ecological difference; subsp.
pa‘:hy'ha”/na being known only from truly montane situations whereas subsp. pilatiis
Dﬂmamy an upland species often growing on walls. The only other record of subsp.

ChYthalhna is from Iceland (G. Rambold pers. com.) which suggests that this subspecies
%Y be an arctic taxon and subsp. pilati an alpine one.

A number of other, non-British, collections of A. pilati which, although they apparently lack
801, have the morphological characters of subsp. pachythallina (G. Rambold pers. com.)
e algg Probably referable here. The existence of theée apparently ihtermediate specimens

SU00ests thay the two entities are conspecific although further study may show subsp.
C’U'thalhna to be worthy of recognition at species level.
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Additional specimen examined: Scotland: V.C. 88, Mid-Perthshire, Ben Lawers NNR,
West side of Ben Ghlas, 27/6240, 1050m, exposed side of acidic schist boulder, 26 March
1991, Frygay 2128,

Additiona) note: Dr G. Rambold (Munich) has additional records of this taxon. There are also
@ number of synonyms of A. pilati which may provide a validly published name (Santesson

1983) which it will be necessary to check before a formal description can be made.

'Amclia'ad int., gen. nov.

T¥PUS: ‘Amelia andreaeaicola’ad it

Thallus of smal| verrucose to sub-squamulose areoles. Forming small patches.
Photobiong chlorococcoid, (6-)8-12(-15)um diam.

Apothecia abundant, often covering much of the thallus. Small 0+1-0+25 mm diam., disc
Pale to dark brown (translucent when moist) usually with a paler proper exciple; flat to slightly
Convex, becoming strongly convex and distorted when over-mature. Initially immersed in
thaling Verrucae but becoming 1/2-3/4 emergent. Thalline exciple present in young apothecia
but Soon becomihg excluded. Hymenium 100-120um tall, I+ pale bluish or greenish.
Paraphyses branched above but not anastomosing, septate; ¢ 1+5-1+7pm wide slightly
SWollen at apex (to 2+5ym) with brown cap. Epihymenium with brown granules decolourizing
ink, Asci Numerous, 8-spored, ?Catillaria-type, 45-50 x 17-22um, contents |+ red-brown.

SCospores simple, narrowly ellipsoid-fusiform to oblong-eflipsoid, 10-24 x 5-7um.
YPotheciym colourless, strongly conglutinated. Excipulum hyaline, but dull green (K+
OWn) Pigment at its outer edge, I+ deep blue or mauve.

Conidiomata not seen

Chemistry: C-, KC-, K-, PD-, UV-, not tested by TLC.
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Amelia andreacaicola' ad int.
Typus: Caledonia, South Aberdeenshire (V.C. 92), Glas Maol, 37/161771, 900m, over
Andreaea sp. on small stones and boulders in north-facing coire affected by late snow-lie, 12

September 1991, A M. Fryday 2038 (E-holotypus)

Thallus of small vérrucose to sub-squamulose areoles, chestnut to dark brown (paler in
Shade) occasionally greyish. Forming small patches (to c. 1cm diam.) over Andreaea spp.
Photobiont chlorococcoid, cells (6-)8-12(-15)um diam.

,ADOthecia abundant, often covering much of the thallus, small. 0¢1-0+25 mm diam.; disc
dark to chestnut brown (translucent when moist) usually with a paler proper exciple, flat to
Slightly convex becoming strongly convex and distorted when over-mature. Initially immersed
inthalling verrucae but becoming 1/2-3/4 emergent. Thalline exciple present in young
apothecia byt soon becoming excludéd. Hymenium 100-120um tall, I+ pale bluish or greenish.
Par, aphyses branched above but not anastomosing, septate; ¢ 1¢5-1+7um wide slightly
Swollen gt apex (to 2+5uum) with brown cap. Epihymenium with brown granules decolourizing
ink. Asci fumerous, 8-spored, ?Catillaria-type, 45-50 x 17-22um, contents I+ red-brown.

s°°SP°fes narrowly ellipsoid-fusiform, 18-24 x 5-7um, often wider at one end. Hypothecium
IOU”GSS, strongly conglutiated. Excipulum hyaline, but dull green (K+ brown) pigment at its
Outer edge, |+ deep blue or mauve.

Conidiomata not seen.

Chemistry: C-, KC-, K-, PD-. UV-, not tested by TLC.

This species was first recorded by Gilbert & Fox (1985), axthough they initially identified it
% Caloplacg hivalis. Amelia andreaeaicola resembles that species in the shape ofits
*SC0sporeg and habitat but differs from it in all other respects; most obviously in the colour
Size of s apothecia. Itis a frequent specxes around areas of late snow lie i in the Scottish
Hi 'Shlangs (Fig. 2+4) where it overgrows Andreaea spp. on the flat upper surfaces of siliceous
"ocks. It belongs to a very specialized community restncted to that habitat (see section

YR
32), assoonated species Includmg Euops:s pulvmata, Lecanora Ieptacma Frutidella
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Caesioatrg (syn. Lecidea caesioatra), Lecidella bullata, Leprania neglecta, Micarea paratropa
(syn. M Subviolascens), Miriquidica grisecatra, Polyblastia gothica, Rhizocarpon anaperum,

Stereocaion plicatile (see below and Fryday & Coppins 1996b) S. tornense and Toninia'

Squalescens.

Additiona) specimens examined: Scotland: V.C. 88, Mid-Perthshire: Ben Lawers, Gully
O south ridge, 27/637410, 1150m, over Andreaea sp. on exposed rock face, 11 July 1989
Fryday (hb Fryday). V.C. 94, Banffshire: Caim Lochan, Feith Buidhe, 28/6801, ¢. 1125m, over
Andreaea sp. on granite boulder beside area of prolonged snow-lie, 7 September 1989,
nyday (hb Fryday). V.C. 96, East Invemess-shire: Ben Alder Range, Aonach Beag, above
Caire Cheap, 2714575, 1025m, over Andreaea sp. on rock affected by prolonged snow-lie, 8
August 1994, Fryday [5550] & S. Chambers; Caim Gorm, Ciste Mhearad, 38/0104, 1100m,
Over Andreaeq Sp. on granite boulder beside area of prolonged snow-lie, 1 September 1994,
Fryday S606. v.C. 97, West Invemess-shire: Seang Aonach Mor, Aonach Mér, 27/1972,
1150m, Over Andreaea sp. on granite boulder above area of prolonged snow-lie, 26 June
1%0, F fyday [1218), Gilbert & Coppins; Coire an Lochain, Aonach Mér, 27/1973, 1000 m,
over Andp eaea sp. on acid rock boulder below area of prolonged snow lie, 21 August 1990,
Fvcay l1307) g Gilbert, Creag Meagaidh, N-W of summit, 27/407871, 1000 m, over

Andreae SP. on acid rock above area of prolonged snow lie, 14 September 1994 Fryday
5624] & Gilbert.
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Amclia grisca’ ad int.

Typus: Caledonia, Mid Perthshire (V.C. 88), Ben Lawers, north side of east summit ridge,
271837413, 1190m, on bryophyte turfin summit heath, 13 July 1995, A M. Fryday 6130 (E-
holotypys)

Thallus pale grey, thin to verrucose, in small patches (to 1 cm) in montane heaths.
Photobiont chlorococcoid, (6-)8-12(-15)um diam.

AbOthecia similar to A. andreaeaicola in all respects except paler apothecia discs and
A520spores which are oblong-ellipsoid, 10-14 x 5-7um.

Conidiomata not seen.

Chemistry: C-, KC-, K-, PD-. UV-, not tested by TLC.

Amelia grisea is similar to A. andraeaeicola but differs in its terricolous habitat, grey
thallyg and shorter ascospores. All except one record of the species are from exposed
"ontane heaths, The anomalous record s from Ciste Mhearad, Caim Gorm (Fryday 6311)
Where A, 9risea was collected, growing adjacent to A. andreaeaicola, on the top of a granite
ouier Protruding from an area of late snow lie. Habitat details for one specimen (Fryday
5556) indicates that it occurs in N.V.C. community U8 Carex bigelowii-Polytrichum alpinum
Sedge heath (Rodwell 1992). The data from a 2x2 m relevé taken at this site are shown in
TABLE 2.5 |

The Vegetation formed a mosaic of areas dominated by either Salix herbacea/Carex
bigelowii Or Anthelia sp./Polytrichum sexangulare with Cladonia bellidifiora and Stereocaulon

“xatie strongly associated with the former and crustose lichens (including A. grisea) with the

lEitter

A briet description of A. grisea was given by Gilbert et al. 1988:239 as Lecidea sp. ‘A'.

Addiional specimens examined: Scoiand: V.C. 88, Mid-Perthshire: Ben Lawers, S-€
"o, 27 8441, 1050m, over Anthelia sp. in montane heath on exposed ridge, 17 August 1994,
Myday S556; Beinn Heasgamich, summit heath, 27/413383, 1075m, on the ground 10 July
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i igelowii/ Polytrichum
id. eastemn flank, 27/415383, on ground in Carex bige o

1995 Fryday 6112 ibid, eas , 138 611516,

| i Fryday 6 9%
alpinum heath near area of prolonged snow-lie, 10 July 1995, Fry een ot
Bastemess, Caim Gorm, Giste Mhearad, 381011045, 1100m, over And

H ’ 5, F day 631 1 .

granite boulder in late snow field, 12 September 1995, Fry

id-Perthshire
i Lawers, Mid-Pert
Table 22 gy from a 2x2m relevé taken from the SE ridge :]f Ben
Sat1 o in scale.
@R 2716441, Alt. 1050m. Cover values are on the Domi
\

¢ 80% Height of Vegetation ; 9:: cm
over

Bryophyte Cover 20% Slopect >
LichenCover 3% Aspe

Salix herbacea
Carex bigelowii
Festuca ovina
Galium saxatile
Nardus strieta

- N AN~

Anthelia sp,
Polytrichum alpinum
P. Sexangulare 3

N O

Amelia griseq
Cladonia bellidiflora
Lecideq limosa
Stereocaulon saxatile
Frutige)ig caesioatra
Micares turfosa

M. cinerea (anamorph)
M. Peliocarpa
Ochrolechia androgyna
Catillaﬁa contristans
Omphaling Sp. (sterile)

W -
—_ b ke NN W
b
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Catillaria gilbertii Fryday & Coppins sp. nov.

Typus: Caledonia, V.C. 88, Mid-Perthshire, Ben Lawers NNR, Head of Coire Odhar, east
side of Mea]| Corranaich, 27/617407, 890 m, slightly sloping, mica-schist rock face, 19 May
1992, AM.Fryday 3100 (E- holotypus).

Thallus effuse, cracked-areolate; areoles flat to slightly convex with an irregular surface;
dark chocolate brown to dark grey. Cortex tindeterminate, some hyphae swollen and either
brown (N-) o blue (N+ red). Photobiont chlorococcoid, cells 8-12um diam.

Apothecia black, lecidine, 0-3-0-7mm, with a persistent, slightly raised proper margin; flat
to slightyy Convex, occasionally with a central umbo. Hymenium c. 60um high, epihymenium
dark'brown, K-, N-. Paraphyses simple, branched towards apex, 0+8-1+0(-1+5)um:; distinctly
Capitate with dark brown hood, 2:5-4+0pum wide. Ascibroadly cylindrical to clavate, Catillania-
Wpe c.45 X 15-20um, (12-)16 spored. Ascospores 1-septate, oblong-ellipsoid, 10-12 x 25-

"M, Hypothecium colourless, composed of strongly conglutinate hyphae. Excipulum
Composeq of colourless, radiating hyphae, becoming swollen (to 5im) and dark brown at
Ofer Surface; reflexed below the hypothecium.

Conidiomata Pycnidia, immersed in the thallus, ¢. 60-80um diam.; wall hyaline but brown
KNy 3round the ostiole. Conidiophores multiseptate, with conidia borne both laterally and
mmally, Conidia ellipsoid to ovoid-ellipsoid, 2¢5-3+0 X 0+8-1e4pm.

Chemistry: ¢, KC., K-, PD-, UV-. Not tested by TLC.

This NeW species has been recorded only from calcareous mica-schist on the Ben
LaWers NNR ang In Glen Clova, Angus (not Glen Esk as reported in Fryday & Coppins
1956a) Where it grows in an assemblage of rare montane calcicole lichens. Among the

Cles 3Ssociated with the collections from the Ben Lawers NNR are Acarospora
otusca, 4, thizobola, Agonimia tristicula, Caloplaca holocarpa, Catapyrenium cinereum,
%rberig)y Wimmeriana, Lecanora albescens, L atromargmata Mmqu:dlca complanata,
et o Nigrum, Polyblastia rugulosa, Porpidia cf. zeoroides and Staurothele ruguiosa.

ilaria gilbe may be overlooked in the field for two, closely related, species Whi,Ch
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Occur in the same habitat, the common C. chalybeia - from which it differs in its browner,
More widespreading thallus and by its somewhat larger apothecia, and the very rare
Halecanig rhypodiza - which can usually be distinguished by the presence of a thalline margin
tothe young apothecia.

A small collection, with only two apothecia, from the Snowdon range in North Wales
(F’yday 6334) also has 16-spored asci and similar sized apothecia but differs in having a pale,
in°°“Spicuous thallus, without blue-green pigment, and red-brown apothecia. This may be an

aberrant form of ¢, gilbertii

Additional specimens examined: Scotland: V.C. 88, Mid-Perthshire: Ben Lawers, SW-
cliffs, 27/6341, 1100m, on exposed mica-schist, 16 June 1989, Fryday (E); ibid. Creag
LOiSQte, 271632411, 1025m, on S-E facing, mica-schist crag, 17 August 1994, Fryday 5563;
ibig, Glen Roro, 27/6141, 900m, on top of low, mica-schist rock, 1991, Fryday 2119 (E). V.C.
%0, Angus, Glen Clova, Coire Fee, 37/27, 25 August 1989, R.C. Munro (E),

Cbmmatochlamys ‘confusum’ad int.
TYPUS: Cambria: V.C. 49, Caemarfon-shire, Pass of Lianberis, Cwm Uchaf, 23/6255,
825m, over bryophytes on calcareous rock in damp, north-facing coire, 23 Septembef 1933,

AM, Fryday 4676 (E-holotypus).

Thallus grey, cohtinuous thin (c. 50um thick); over bryophytes (usually Hypnum
ham“’OSUm) Photobiont chlorococcoid, cells 10-15um diam.
Perithecia numerous, dark brown to black, globose in section 0-3-0°5 mm dlam half to
three. “Qarters immersed. Involucrellum absent. Paraphyso:ds persistent, 2-0~2'5um wide,
SParingly branched, Asci cylindrical (to sub-clavate), 140-160 x 25-28um, outer wall c.2um
ek; apex with a distinct ocular chamber, |-; contents of ascus I+ fed—brdWh; 68 spored.
ASCOSDOFGS 32+5-46+6-58 x 11-13um, elongate ellibsoid,‘hyaline, sub-muriform to muriform.
*Cipulum 70-80pm thick, dark brown above, colourless below.
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Conidiomata not seen.

Chemistry: C-, KC-, K-, PD-, UV-. Not tested by TLC.

Anatomically Chromatochlamys confusum closely resembles C. larbalestien but it differs
from that very rare species morphologically and in having a totally different ecology, C.
larbalestieri occurring on semi-inundated siliceous rocks. The two species do, however, have
avery similar distribution both being recorded only from oceanic regions of the British Isles
(Fig. 2+5), although C. confusum appears to be most frequent in North Wales from where C.
’afbalestieﬁ has yet to be recorded. The new species is also likely to be confused with C.
Muscorum v, octospora, which occasionally occurs in the same habitat, but that taxon has a
very thin, inapparent, varnish-like thallus, and smaller, paler brown, pyriform perithecia. The
Main differences between the three species are summarized in Table 2°3.

Inall its known locations C. confusum occurs in assemblages rich in rare, calcicole

ichens (e.. Striula stigmatella v. alpestris, Thelopsis melathelia and Vestergrenopsis
elaging),

Additional specimens examined: Wales; V.C. 49, Caemarfon-shire: Cwm Idwal, N-E of
Twl Dy, 23/640588, 500m, over bryophytes on side of large, calcareous boulder, 4 June
1994' Fryday 531 8; Pass of Llanberis, Cwm Uchaf, beside Llyn Glas, 23/6155, 650m, over
bWOptheS on basic rock outcrop, 9 October 1994, Fryday [5698] & Chambers; Pass of
Ua"ben's Cwm Glas, 23/6155, 750m, over bryophytes on stratified basic rocks on back wall
o owm, g October 1994, Fryday [5711 & 5717] & Chambers; Pass of Llanberis, Cwm Glas-

bach, 23/6056, 600m, over bryophytes on calcareous rocks face, 10 October 1994 Fryday
727, 51334, 5740; Pass of Llanberis, Cwm Uchaf, damp, north-facing crag, 23/6255, 825m,
OVer bryophytes on calcareous rock, 18 October 1995, Fryday 6343. Scotland; V.C.98, Argyll
Main, Glen Coe, base of Aonach Dubh, 27/1556, 200m, over bryophytes on andesite crag, 22
‘g 1992, Fryday 3033, v.C. 104, North-Ebudes, Isle of Skye, Trottenish, Quiraing 18/4569,
2S0m, Over bryophytes on shaded basalt crags, 20 June 1990, Fryday 1263.
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Table 2.3 Main differences between Chromatochlamys ‘confusum’, C. larbalestieri and C.
Mmuscorum v, octospora.

\
C. confusum C. larbalestieri C. muscorumv. octospora
E°°'°9¥ over bryophytes on semi-inundated, siliceous rocks  over bryophytes, usually
calcareous, montane rocks  in streams; possibly parasitic corticolous, occasionally on
on aquatic Verrucaria spp. calcareous montane rocks
Thallug grey, continuous brown, cracked-areolate white,very thin, membranous
Perithecia  plack black brown
1/2-3/4 immersed 3/4 immersed 3/4-t+completely immersed
0¢3-0+5mm diam., globose 0+15-0+2mm diam., flattened 0+3-0¢6 mm diam., rounded to
vertically broadly pyriform.
EXClple upper 1/2-3/4 dark brown rarely more than upper 1/3 pale brown above, colourless
pigmented; pale brown below.
oS 32:5-466-57¢75 x 11-13um  44¢1-568-68+6 x 13-15um 40-60 x 15-20um.
\

-1
) 0 Measured for each of C. confusum’ and C. larbalestieri, measurements for C. muscorumv. octospora from
&rhofgr & Poelt 1985,

Chromatochlamys 'geislerioides'ad int.

Typus: Caledonia; V.C. 88, Mid-Perthshire, Ben Lawers, ridge north of summit,
271635.41 58, 1050-1180m, over low-growing bryophytes on exposed turf, 16 July 1985,
COPPins (1106+1), Gilbert & Fox (E-holotypus)

Thalus very thin and vamish-like, white to pale grey, terricolous on arenaceous soils.
Photobion Chlorococcoid, cells 8-11um diam.
Perithecia scattered, three-quarters to totally immersed with only the ostiole apparent,
°°'°l.1r|eSS bt dark pigmented in upper, exposed section, ¢. 0+1mm diam. Paraphysoids
"Sistent, slender 0+7-1+0um wide, branched and anastomosing. Conglutihate periphysoides
Present inside ostiole, Involucrellum absent. Asci cylindrical (to sub-clavate), 60-78 x 14-

18um |
» Outer wall ¢ 1 *5um thick; apex with a distinct ocular chamber, I-; contents of ascus I+
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"ed-brown; 8-spored. Ascospores 20-25(-36) x 6-7(-9)um., 5-7 septate, hyaline, clavate-
fusiform, Excipulum bright aeruginose-green (K-, N+ violet) in upper part, 16-20um thick,
hyaline below and inapparent.

Conidiomata often present, bacilliform, 4-5 x 1ym.

Chemistry: C-, KC-, K-, PD-, UV-. Not tested by TLC.

This species is placed in Chromatochlamys on account of its ascus structure and
Persistent Paraphysoids although it differs from most of the described species of the genus in
the Smaller, septate (not muriform) spores and the less massively developed excipulum. ltis
3pparently close to, the non-British, C. vezdae but that species has septate to sub-muriform
Spores, a differently pigmented excipulum and grows on lignum (Mayrhofer & Poelt 1985). C.
Geislerioides appears to be congeneric with C. vezdae but the systematic position of both
SPecies is unclear. Dr H. Mayrhofer has suggested an affinity with Strigula or Geislena (pers.
€omm.) but both giffer from C. geislerioides in a number of respects. Itis possible that a new
genus will bg required to accommodate these two species. C. geislerioides was first

Mentioneq by Gilbert et al. (1988) as ?Geisleria sp. (p. 238).

Additional specimens examined: Scotland, V.C. 88, Mid-Perthshire: Beinn Heasgamich,
NE ridge, 27/421 381, 935m on ground in Festuca/Agrostis/Alchemilla alpina heath, 10 July
195, yaay 6106 & 6108, ibid. E-flank, 27/415383, 1025m on ground in Carex
bigE’IOWii/PO/ytrichum alpinum heath near area of prolonged snow-lie, 10 July 1995, Fryday
6117 ¢ 6120; Ben Lawers, E ridge, 27/642414, 1050m. on the ground in Carex bigelowii/
Polvtichum aipinym heath, 13 July 1995, Fryday 6128. V.C. 92, South Aberdeenshire, Glas
M, UPPer rim of northemn coire, 37/1677, 1000m on the ground in Carex
bgelown/Pontnchum alpinum heath on solifluction terracettes, Fryday 6053; V.C. 94, Banff-

S, + Caimgorm plateaux between Caim Gorm and Caim Lochan, 28/9902, 1100m, on

8roung i, Juncus trifidus/Carex bigelowii heath, 16 June 1994, Fryday (5376) & Gilbert. V.C.
%("97) East(-West) Inverness- shlre, Creag Meagaidh, west ridge, 27/4287, 1100m, On

U in S1umpm heath, 27 July 1995, Fryday 6173.
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Cliostomum 'subtenera’ ad int.
Typus: Caledonia: Stirlingshire (V.C. 86), Ben Lomond, Coire a' Bhathaich, 27/369027,

925m, in sheltered underhang on schistose rock, 25 September 1994, A.M. Fryday 5663 (E-
holotypus).

Thallus effuse, thin and discontinuous, occasionally thicker (to 0-4mm), white, non-
Corticate. Soralia pale green, covering most of the thallus, 0+1-0-3mm diam. soon confluent
and appearing effuse; soredia farinose ¢. 0+02mm diam. Photobiont chlorococcoid, cells 8-12
Hm diam,

Apothecia scattered, sessile, 0+4-0-8mm diam., becoming tuberculate and then to
1+2mm diam., disk pinkish brown to pale brown with paler margin, slightly convex soon
becoming tuberculate with excluded margin. Hymenium hyaline, I+ blue, 40-45um tall,
epihymenium brown, granular, K+ colourless. Paraphyses 1+5-2+0um wide moderately
brancheg and anastomosing, apices to 3um wide, pigmented cap absent. Asci¢. 30 x 12um,
Clavate, Bacidia-type. Ascospores hyaline, 0-1 septate, narrowly ellipsoid to fusiform, often
Slghty curved, (10-)12-15.20) x 3-4um. Hypothecium hyaline, composed of randomly
f"‘eﬂtated hyphae. Excipulum composed of conglutinate radiating hyphae 5um wide,
Ntemally colourless to yellow-brown with grey-brown granular intrusions not dissolving in K,
OUter cells with brown pigment, K+ colourless.

Conidiomaty bycnidia, numerous; flesh-coloured to pale brown, immersed in thicker
1%as of the thallus, Conidia bacilform 8-9 x 0+8-1+0ym.

ChemiSf’Y: thallus and soredia C-, K+ yellow, Pd+ orange, UV+ dull yellow; atranorin,

Stictin o
'Clic acid ang zeorin by TLC.

Cllostomum subtenerais similar to C. tenera but differs from it in a number of details

ch, When taken together, indicate that a separate species is involved. The most obvious
Merences are that the new species is sorediate and has a wider ecological amplitude - it
"Colrs n Underhangs in montane situations as well as in coastal habitats. However, it also

S lan , | o
8er apothecia and spores as well as a different chemistry.
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Cliostomum subtenera is known only from Coire a' Bhathaich near the summit of Ben
Lomond ang Llam Carw on Anglesey; at both localities it is frequent in shaded underhangs on
Schistose rock. The wider ecological amplitude of C. subtenera is consistent with the
hypothesis of species which reproduce vegetatively being colonising species.

It has long been realized that Lecanora tenera was not congeneric with the type species
of Lecanora (L. subfusca). It has been placed in Lecania (Clauzade & Roux 1985) on account
ofits ascus structure and 0-1 septate spores but its chemistry and conidia are not consistent
With that genus. L. tenera has recently been transferred to Cliostomum (Ekman, in ed.),
ath°U9h it appears to differ in many respects from the common corticolous species

Cliostomym griffithii which has short bacilliform conidia.

Additiona/ specimens examined: Wales: V.C. 52, Anglesey, NE of Amlwch, cove E of
Uam Carw, 23/460936, on vertical siliceous (green’ schist) coastal rocks above HWM, 11
ine 1995, 5P, Chambers (E). Scoland: V.C. 86, Stiingshire, Ben Lomond, Coire &'

Bhathaich, 27/368027, 925m, in sheltered underhang on schistose rock, 22 August 1994,
Fryday 5500

Fuscide, ‘pocltii’ ad int.

Typus: Caledonia; V.C. 105, West Ross, Beinn Eighe NNR, ridge between Spidean Coire

Man Clach ang Coinneach Mhor, 18/9659, ¢.950m, cambrian quartzite crags, 22 July 1991,
AMFryday 2724,

Thallys Usually widespreading, cracked- areolate, pale-grey to (rarely) brown areoles flat,
11504 MM diam. Soralia mostly punctiform arising from the centre of each areole, 0-1-
"2mm diam., less often following cracks in the thallus and becoming stellate; soredia blue-

g""y N2, 20.25m iam. Photobiont cells thick-waled, 7-16(-19) x 8-12(-13)um, often
Widng 1 give 24 daughter cells.



Apothecia black lecideine, sessile 0+5-1+0mm diam., proper exciple persistent, becoming
flexuose, occasionally umbonate. Hymenium 70-90 pm tall, upper third with brown pigment.
Paraphyses simple, 2+5um wide, swelling to 5um at apex with dark brown hood. Asci ¢.45 x
20um, Teloschistes-type. Ascospores hyaline, simple, broadly ellipsoid, 7-9 x 5-6um.
H}'pothecium colourless. Excipulum of branched, anastomosing hyphae, colourless with dark
brown outer cells, reflexed below apothecium.

Conidiomata not seen.

Chemistry: thallus C-, K-, PD-, UV-; soredia and medulla C-, K-, PD-, UV+white;
dvaricatic acid detected by TLC.

Fuscidea poeltiiis locally common on exposed, hard acidic rocks in the NW Scottish
Highlands, Itis particularly common on quartzite and at the type locality covers large areas
andis the most frequent species. Associated species are few but include F. gothoburgensis,
F.intercingta and lonaspis odora.

Fuscidea Poeltiiis unusual amongst lichenized fungi in regularly producing both sexual
ad asexyg| Propagules. It is the only sorediate member of the genus occurring in the British
lsles Which is alsg usually fertile. It most closely resembles sorediate morphs of F.
intercincta (?F. oculata) but that species has apothecia with a white margin and convex
Soralig, However, as the soredia of F. poettii are very small and inconspicuous they are easily
PVerlooked in the field and this species may then be mistaken for other, non-sorediate,
membefs of the genus (e. g. F. lygaea). Other sorediate saxicolous species of Fuscidea

Containing divaricatic acid are F. gothoburgensis and F. recensa both of which are very rarely
fertie, £ fécensais a very different species with a thicker thallus, more wide-spreading, often
Convey Soredia and curved ascospores whereas F gothoburgensis differs mamly in thallus

orph°‘°9y and ecology - it having a much more dispersed thallus and usually occurs in
haded Underhangs, Itis possible that F. poeltiiis conspecific with F. gothoburgensis and a
Slaileq €Xamination of the apothecia of both species is required to clarify this matter.

F: Postti was included i Clauzade & Roux (1985) as F. alpina V. Wirth & Poelt but it has

been formally described under that name.
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Additional specimens examined. Scotland; V.C. 88, Mid-Perthshire, Coire-cheathaich,
Creag Mhér, 27/4034, 550m, on quartzite intrusion on side of large schistose boulder, 28 May
1933, Fryday 2358 (E). V.C. 98, Argyll Main, Ben Starav, 27/1342, 850m, shaded side of
Granite boulder, 22 May 1991, Fryday [2341] & Goddard, Glen Coe, Aonach Eagach, S side
ofE ridge of Sgurr nam Fiannaidh, 27/1458, 900m, top of exposed granite rock, 14 July 1992,
Fi Tyday 3327. v.C. 105, West Ross, Beinn Eighe NNR, ridge between Spidean Coire nan

Clach and Coinneach Mhar, 18/9659, ¢.950m, cambrian quartzite crags, 22 July 1991, Fryday
2725,

Halecani, bryophila Fryday & Coppins sp. nov.
T¥pus: Caledonia: Mid-Perthshire (V.C. 83), Ben Lawers NNR, Meall Garbh, 27/574385,
%0m, on bryophytes on damp, mica-schist crag, June 1989, A.M. Fiyday. (E-holotypus).

Thallys effuse, +continuous not forming discrete areoles or granules, brownish-grey.
Unper cortex poorly developed, surface hyphae brown (N-). Photobiont chiorococcoid, cells
815 um diam.

Apothecia numerous, 0+2-0+5(-0+6)mm diam., disc mid- to dark-brown with raised,
Concolouroys o slightly paler proper exciple, thalline exciple biatorine in young apothecia,
Soon excluded but algal cells usually visible in section. Hymenium hyaline, 1+ blue, 40-55um

\ erihymenium brown, N-, paler in K. Paraphyses simple, occasionally branched above,

Slender 1.1 *Tum, distinctly capitate to 4um with brown cap. Asci eylindrical, 45-50 x 12um,

Catilar ia-type. Ascospores hyaline, 1 septate with perispore in K, 14-17 x 4.5-5-5um (inK,
excluding Perispore). Hypothecium hyaline. Excipulum composed of conglutinate, hyaline
Yphag 2-5—3-5um wide, outer section (7-10um wide) brown, cells with brown pigment caps
04:0um ige,

Conidiomata not seen,

Chemistry: G, KC-, K-, PD-, UV-. Not tested by TLC.



Halecania bryophila most closely resembles the very rare H. rhypodiza, which is known
from Ben Lawers, not least in the almost imperceptible thalline margin. However, that species
grows on calcareous rocks, has a darker thallus and smaller spores. The only other species
of Halecania which grows over bryophytes is H. lecanorinum, known from the alps, which
50 has Smaller spores, different thallus characters and is restricted to pure limestone.

H. bryophila has been recorded from only two sites on the Ben Lawers NNR in the
B'eada'bane Mountains where it overgrows bryophytes in an assemblage of rare montane

Alcicole lichens. Species of lichen associated with the two collections include Acarospora
rh'ZObO’a, Catapyrenium lachneum, Cladonia pocillum, Collema aurniforme, Lecanora
albescens, L. atromarginata, ‘Lecidea’ hypnorum, Leptogium imbricatum, Porpidia superba,

SOra rubiformis and Tephromela atra. The perithecia of Decampia hookeri are also present i
N the thalyg 7

Additiona] specimen examined: Scotland: V.C. 88, Mid-Perthshire, Ben Lawers, Craeg
Loisgty 271632411, 1025m, Over bryophytes (Grimmia ?montana) on SE-facing mica-schist ?
¢

9817 August19as, Fryday 5564

Hal&-‘«'iﬂia Micacea Fryday & Coppins sp. nov.

Typus: Caledonia: V.C. 88, Mid-Perthshire, Ben Lawers NNR, Meall Garbh, crags at i
%ad of Cojrg Riadhailt, 27/5738, 800m, mica-schist buttress at base of east-facing crag, 25
Ju
Y1989, A M. Fryday (E- -holotypus, UPS-isotypus).

Thallys effuse of convex pinkish-brown areoles. Areoles c. 0+2-0-4mm diam., matt, often
SPerseq Photobiont chiorococcoid, cells 9-12 um diam.
Apothecis Scaftered, 0-2-0+5mm diam., disc mid-brown with paler, waxy proper exciple,
thalling xciplg Concolorous with the thallus but soon excluded. Hymenium hyaline, 1+ blue,
® "S0um tall, epithecium brown, N-, paler in K. Paraphyses moderately branched and

astom Mosing above, 0+8-1+5pm, distinctly capitate with brown, distinctly capitate apices
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Chemistry: C+ red, K+ pale yellow, KC+ red, Pd-. gyrophoric acid,

Figure 2-6. Ochrloechia tartarea 'f. sorediata' ad int. (Magnification: x4)

The production of soredia is common within Ochrolechia, often as the primary means of
reproduction. Of the ten British species, only O. szatalensis and O. xanthostoma are not
known to produce them. Some thought was given to whether the present entity deserved
taxonomoic recognition as it is far less common than f. tartarea and may only represent an
aberrant form. However, it does tend to occupy a somewhat different ecological niche (more
shaded) and the ontogeny of the soredia, developing from the thalline papillae which in f.
tartarea give rise to apothecia, indicates that the production of soredia is an alternative
reproductive strategy suggesting a significant genetic difference.

Ochrolechia tartarea f. sorediata is most likely to be confused with O. androgyna but the
presence of thalline papillae and the shaded habitat are usually sufficient for correct
identification. This entity is apparently the same as that recognised as O. androgyna sp. 'B'
by Tonsberg (1992); if this is so then there are a number of other records from trees in

Scotland and Norway that will have to be included.
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Additional specimens examined: Scottand, V.C. 88, Mid-Perthshire: Ben Lawers NNR,
West side of Ben Ghlas, 27/6240, 1050m, shaded side of acidic mica-schist boulder, 26
March 1991, Fryday 2126 (fertile); Meall na Samhna, 27/4733, 750m, damp mica-schist
Crags, 31 May 1991, Fryday 2389.

Porpidia ‘confluenta’ ad int.
Typus: Caledonia: V.C. 88, Mid-Perthshire, Ben Lawers NNR, Burn of Edramucky,

27/614394, 675m, on acidic mica-schist boulder by stream, 21 May 1932, A.M. Fryday 3108
(E- holotypus)

Thallus effuse, of dispersed, white, convex areoles 0+4-0s7mm diam. Soralia
tUberculate, arising from the areoles, blue-grey, 0-2-0<4mm diam., becoming confluent.
Photobiont chlorococcoid, cells (3+5)4-5 x 5-6(-7)um diam.

Apothecia black, lecidine, epruinose, 0+5-1+2mm diam., often 2-5 apothecia confluent
(then -2.0mm diam.), proper margin thin and persistent not or only slightly raised, smooth,
flexuose in confluent apothecia. Hymenium hyaline, I+ blue, 110-120um tall, epihymenium
°"Vaceous. Paraphyses numerous, septate, branched and anastomosing. Asci cylindrical,
0-75x 15-22ym, Porpidia-type. Ascospores hyaline, halonate, non-septate, ellipsoid 17-21 x
&7um. Hypothecium dark brown, upper section (subhymenium) pale brown to hyaline ¢. 25
Hm ta), Excipulum of thin radiating hyphae 2+5-4+0um wide, pale brown with dark biue-back
®¥banded cells at the surface.

Conidiomata not seen.

Chemistry: thallus C-, K- (but + numerous small ‘oil droplets’ when viewed in section),

KC.
C PD., UV-; confluentic acid and accessories by TLC. Medullal-.

The affinities of Pormpidia confluenta within Porpidia are unclear. 1t has the narrow

exgj . .
Cipular hyphae of the P, albocaerulescens group but lacks the paler inner exciple typical of



that group. It most closely resembles P. tuberculosa although it has very different apothecia
(epruinose, narrow excipular hyphae) and as P. tuberculosa rarely occurs without apothecia in
montane areas confusion is unlikely. When sterile it can be distinguished from P. tuberculosa
by its thicker thallus and |- medulla. It also has a characteristic ecology, usually occurring on
the Upper surfaces of low, flat rocks at high altitude where it is not rare (Fig. 2+7). Associated
Species include Aspicilia caesiocinerea aggr., Lecanora polytropa, Porpidia crustulata,

Rhizocarpon colludens (see below) and R. geographicum aggr.

Additional specimens examined: Scottand: V.C. 88, Mid-Perthshire: Ben Lawers, west
Side of Creag an Fhithich, 27/6342, 900m, top of low, flat mica-schist rock, 18 July 1989,
Fryday (nb. Fryday); Ben Lawers NNR, south ridge of Meall Corranaich, 27/6140, 950m, low
Mica-schist rock, 1 August 1989, Fryday (hb. Fryday, fertile); Meall na Samhna, Lochan Coire
Dhudhchlair, 27/4932, 735m, vertical acid mica-schist rock beside lochan, 2 June 1990,
Fryday 1165 (fertile); Ben Lawers NNR, Glen Roro, 27/6141, 850m, top of low mica-schist
"ock, 26 March 1991, Fryday 2123. V.C. 97, West Invemess-shire: Sunart, Beinn Resipol,
1777565, 650m, vertical shaded schistose rock face, 19 June 1992, Fryday 3192; Creag
Meagaidh, N-W of summit, 27/417880, 850m, on low schistose boulder, 13 September 1994,
Fryday 6515 (fertie). V.C. 98, Argyll Main: Stob Ghabhar, S-E of summit, 27/2345, . 1050m,
1o of low schistose boulder, 31 January 1992, Fryday 3045; Glen Coe, Lower Coire nam
Beitheach, 27/1455, 650m, top of low boulder, 14 August 1992, Fryday 3419. V.C. 103, Mid
Ebudes, Isle of Mul, Ardmeanach, Burg, 17/4226, 100m, basalt crag, 30 May 1993, Fryday
31, V.C. 110, Outer Hebrides, North Harris, Glen Ulladale, Cragan Leathan, 19/0713, c.
200m, Lewisian Griess outcrop, 20 June 1991, Fryday 2614 (ferte)
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Porpidia ‘striata’ ad int.
Typus: Caledonia: V.C. 88, Mid-Perthshire, Meall nan Subh, 27/4539, 770m, on acid
stone in wind-swept heath, 24 March 1991, A.M. Fryday 2101 (E - holotypus, M - isotypus)

Thallus endolithic to scarcely apparent; if visible then composed of thin, flat, pale grey
areoles. Occasionally better developed with whitish areoles when in less exposed situations.
Photobiont chiorococcoid, cells (3+5)4-5 x 5-6(-7)um diam.

Apothecia black, lecidine, epruinose, (0+3-)0+5-1:0(-1+2)mm diam.; pore-like when
young, expanding when mature, proper margin persistent, thick and raised, radially striate.
Hymenium hyaline, I+ blue, 70-80um tall, epihymenium brown-oliveaceous (brighter in K).
Paraphyses numerous, very thin with swollen pigmented cap (2¢5-3-0um wide), branched
and anastomosing. Asci cylindrical 60-70 x 20-25um, Porpidia-type. Ascospores hyaline,
halonate, non-septate, ellipsoid 16-18 x 8-9um. Hypothecium dark brown, upper section
(s“thmenium) hyaline 20-25um tali . Excipulum of radiating hyphae 3+0-4+0 um wide, outer
10‘15um carbonaceous, cracked; inner cells pale brown.

Conidiomata frequent when thallus apparent; pycnidia, 0+05-0<2pm diam. black with
"aised, white pseudothalline margin when young, becoming sessile with a gnarled surface
When old. Conigia bacilliform 6-8 x 0«5pm.

Chemistry: no substances detected by TLC.

Porpidia striatais a frequent species of siliceous rocks and pebbles in the Scottish
Highlands and North Wales (Fig. 2-8). It is most frequent on pebbles embedded in exposed,
Wind-swept heaths where it is often the dominant species. It most closely resembles P.
Crustulata but i distinguished from that species by its unique exciple structure. The radially
Striate exciple makes it an easily recognisable species in the field. Associated species are
few, the lichen usually growing on its own on otherwise uncolonised surfaces, but include

5 |
"ototheleneiy corrosa, Porpidia macrocarpa aggr. and P. tuberculosa.
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A brief inspection of the specimens of Porpidia housed in BM and E showed that many
collections previously placedin P. albocaerulescens, P. cinereoatra, P. crustulata and P,
Mmacrocarpa belong in the new species. Itis possible that a validly published name for this

Species is available in the extensive synonymy of these species.

Selected additional specimens examined: Wales: V.C. 49, Caemarfon-shire, Camedd
Dafydd, Foel Meirch, 23 /6563, 800m, siliceous pebbles in montane heath, 3 June 1994,
Fryday, 5341; Glyder Fach, Bwich y Ddwy-Glyder, 23 /6558, 300m, on siliceous pebbles in
damp heath just below rim of cwm, 8 October 1934, Fryday, 5671; Camedd Llewelyn,
Gledn‘fordd, 23 7065, 750m, siliceous pebble in montane heath, 11 October 1996, Fryday,
7129 & 7130, Scotand: V.C. 86, Stirling-shire, Ben Lomond, S-E of summit, 27/368027,
950m, Quartzite pebble in exposed schistose boulder, 25 September 1994, Fryday 5662. V.C.
83, Mid Perthshire: Ben Lawers, N. ridge 27/6341, 1100m, schistose rock, 15 June 1989,
Fiyday (Hb. Fryday); Meall nan Tarmachan, top of S. ridge, 27/5838, 900m, low lying rocks
ON ground in bealach, 22 November 1990, Fryday 1456 (thick thallus); Kilin, Allt na Ceardaich,
2715734, 225m, acidic boulder, 25 January 1991, Fryday 2028; Ben Lawers NNR, Creag an
Lochain, 27/5941 650m, Exposed acid crags, 22 March 1931, Fryday 2086; Beinn
Heas@&fﬂit:h, West of Creag nam Bodach, 27/4438, 650m, small stone in wind-swept heath,
13 April 1991, Fryday 2150; Cruach Ardrain, bealach between Stob Glas and summit,
2714020, 800m, pebbie in heath, 27 January 1992, Fryday 3039; Ben Lawers NNR, Head of
Coirg Odhar, 27/6240, 875m, mica-schist pebble in wind-swept bealach, 14 June 1995,
FiYday 6024, v.C. 98, Argyl Main: Daimaly, Beinn Eunaich, 27/1332, 850m, pebble on
®XPosed montane heath, 1 May 1991, Fryday 2246; Glen Coe, Bidean nam Bian, 2711454,
1080m, bealach south of Stob Coire nam Beith, pebble in wind-swept heath, 14 August 1992,
Fyday 3410,y . 110, Outer Hebrides: West Lewis, Teinnasval, 19/0324, 350m, siliceous
i, 22 june 1991, Fryday 2501 & 2503; North Harris, Glen Ulladale, Cragan Leathan,
190713, ¢. 200m, Lewisian Griess outcrop, 29 June 1991, Fryday 2615.

<



Porpidia superba ‘var. sorediata ad int.
Typus: Caledonia: V.C. 98, Argyll Main, Glen Coe, Coire nam Beitheach, 27/1454,
1000m, damp rock in N-facing coire, 14 August 1992, A.M. Fryday 3415 (E - holotypus)

Thallus eftuse, cracked-continuous to areolate, thin to moderately thick (0+4 mm);
Creamy-white. Soralia concolorous to somewhat darker, arising from cracks in the thallus,
irreqular, Photobiont chlorococcoid, cells (3+5)4-5 x 5-6(-7)um diam.

Apothecia usually present, brown, lecidine, usually constricted at the base; epruinose or
Slightly white pruinose, 0+8-20mm diam. proper margin persistent, thick and tumid, darker
than the disc . Anatomy; identical to P. superba f. superba.

Conidiomata frequent, pycnidia, 0+05-0+2jum diam. brown with raised, white
Pseudothalline margin when young, becoming sessile when old. Conidia bacilliform 6-8 x 0+5

Hm.

Chemistfy: thallus C-, K+ yellow, Pd+ orange; stictic acid and accesories by TLC.

Porpigi Superba var. sorediata differs from the typical form primarily in the production of
Soredia, although there are also morphological and ecological differences. Although the
typical form usually occurs on shaded basic rocks, var. sorediata usually occurs on vertical,
flushed basic rocks (mica-schist, andesite, etc.). It appears to be somewhat less frequent
than the typical form , being recorded from North Wales and the Central Highlands of Scotland
Fig. 2:9) ang also from Sweden (L.-E. Muhr pers. comm.). The flushed habitat appears to
"ésultin the production of a thinner, smother thallus than the typical form as the thalus is
thickest Where it is protected from the affects of flushing. However, other members of the

genus algq have a thinner thallus when soredia are produced (i.e. P. tuberculosa/P. grisea and

P .
* Melinodeg/p, flavicunda).
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Usually fertile , non-sorediate, species of lichens occasionally produce isolated sorediate
plants among a normal (i.e. fertile) population. However, the sorediate morph of P. superba
Occupies a different ecological niche from the typical form and, consequently, the two forms
rarely occur together. It is, therefore, necessary to afford the sorediate morph some
taxonomic recognition and, as apothecia are usually produced in addition to soredia (although
Tarely abundant) and there are ecological and morphological differences but no obvious
dnatomical ones, the rank of 'variety’ would appear to be the most appropriate.

| Additional specimens examined: Wales: V.C. 49, Caemarfon-shire: Cwm Idwal, South of
Twll Du, 23/6558, 600m, vertical, flushed basic crags, 4 June 1994, Fryday 5327; Ysgolion
Duon, Grib Leon, 236663, 600m, vertical, flushed basic crags, 5 June 1994, Fryday 5336;
Beddgelert. Moel yr Ogof, 23/5547, 250m, side of large boulder below basic crags, 6 June
1994, Fryday 5344, Scotland: V.C. 88, Mid-Perethshire, Ben Lawers NNR, Lochan nan Cat,
2716442, 750m, mica-schist boulder near stream, 6 July 1989, Fryday (hb Fryday). Sweden:
NO details, [ -£ Muhr11135.

Rhizocarpon ‘caesium’ ad int.
Typus: Caledonia; V.C. 104, North Ebudes, Isle of Skye, Quiraing (Cuithearaing),
18456, 250m, slightly basic basalt crags, 8 June 1991, A M. Fryday 1448 (E- holotypus).

Thallus rimose to cracked areolate, blue-grey occasionally slightly oxydated; areoles 0+2-
O-8mm diam,, fiat, Photobiont chlorococcoid, cells (10-)12-15(-18)um diam.

Apothecia black, lecidine flat and innate to slightly convex, 0+8- 1-3( 2:0)mm diam.;
Proper excipte (if apparent) thick but barely raised. Hymenium hyalme I+ blue, 120-140um

; ep'hymemum bright aeruginose. Paraphysoids c. 2+5um thick scarcely swelling at apex

o 30um) with sharply delimited bright blue pigmented cap (K+ bnghter N+ red); sparingly
ancheq and anastomosing. Asci ¢. 70 x 30um, Rhizocarpon-type. Ascospores hyaline,
et -septate, 8lascus, 15-18 x 7-8+5um. Hypothecium dark brown. Excipulum of
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radiating hyphae, pale brown with dark brown outer cells.
Conidiomata not seen.

Chemistry: C-, K-, KC-, Pd-. No substances detected by TLC.

Rhizocarpon caesiumis a fairly distinctive species which is usually easily identifiable in
the field by its blue-grey thallus, large, innate apothecia and habitat of somewhat basic rocks
(basalt, andesite, schists etc.). Microscopically it is similar to R. hochstetten with which it
Shares the small, colourless, 1-septate ascospores and paraphysoids with a sharply
delimited, blue pigmented cap although it differs in having a more vividly aeruginose
epihymenium (Fig. 2-10). ltis also very different macroscopically, having a more wide-
SPreading, rimose, blue-grey thallus and larger, flatter apothecia than R. hochstetteri
Previous records from Scotland have also been mistakenly named R. expallescens (i.e.
Gilbert & Fox 1986) but that species occurs only on limestone and has a K+ purple
excipulum,

Rhizocarpon caesium is not a rare species in the oceanic regions of Scotland where it is
Most frequent on the basic, tertiary basalt of the Inner Hebrides (Fig. 2+11). The Welsh
Callections are a) from base-rich, igneous rocks. The records from further east (Mid- and
Bast-Perthshire and Angus) are from mica-schist rocks in or near streams; although no
habitat details are yavailable for the East-Perthshire record it was associated with Hymenelia
lacustrig, clearly placing it in this habitat. Among the associated species are Belonia
Nidar Osiensis, Placynth:um tantaleum, Porpad:a superba and Thelidium papulare.

Addtional spec:mens examined: Wales; V.C. 49, Caemarfon—shxre Cwm Idwal, S. of Twll
Ou, 23’6358 550m, vertical flushed bas»c crags, 4 June 1994, Fryday 5325; ibid., N. of Twil
. 2306358, 600m, vertical flushed bas:c crags, 4 June 1994, Fryday 5328, Pass of
anberis, G Glas, 2216155, 750m, basic rock above lake, October 1994, Fiyday [5708)
; Chambers, Scotfand; V.C. 88, Mid-Perthshire, Ben Lawers, Creag an Fhiathaech, 27/64,24,
850,,,’ Mica-schist rock-face, 6 July 1989, Fryday (hb. Fryday); Beinn Heasgamich, Allt Lairig
"L, 2714335, 625m, acid rocks beside stream, 26 April 1991, Fryday 2223. V.C. 89,
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figure 2*10. Anatomy of Rhizocarpon 'caesium'ad int. showing strongly aeruginose
epjhymenium. (Magnification: a) x175, b) x700)
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EastPerthshire, Glen Shee, 1930, W. Watson (BM). V.C. 90, Angus, Glen Clova, 37/305736,
C. 300m, in and beside small bum, 1991, R. Munro (hb Fryday). V.C. 98, Argyll Main, Glen
Coe, Base of Aonach Dubh, 27/1556, 200m, andesite crag, 22 June 1992, Fryday 3241. V.C.
104, North Ebudes: Isle of Skye, The Storr, 18/4953, 500m, exposed basalt crag, 22 July
1990, Fryday 1282; ibid., E. crags of Sgurr Mor, 18/4470, 300m, basalt crags, 7 September
1991, Fi ryday 2820. V.C. 108, West Suthertand, Ben Hope, 29/4749, 550m, on epidiorite
Outcrop, July 1984, O. Gilbert (BM).

Rhizocarpon colludens 'subsp. rufoatrum’ ad int.

Typus: Caledonia; V.C. 97, Westemess, Ben Nevis, summit plateau, 27/1671, 1340m,
®Xposed acidic rocks on summit, 25 August 1991, A.M. Fryday [1358], O.L Gilbert & V.J.
Giavarini (g - holotypus, M - isotypus).

Thallus effuse, areolate, red-brown, to ¢. 0-35mm thick; areoles 0+5-1+0mm diam., flat to
Slightly convex. Photobiont chiorococcoid, cels (10-12-15(-18)um diam.

Apothecia black, lecidine flat to slightly convex, 0+5-1+0(-1+2)mm diam.; proper exciple
thin tg moderately thick, barely raised. Hymenium hyaline, I+ blue 110-120um tall;
€phymeniym blue-black, brighter blue in K. Paraphysoids ¢. 2+5um thick scarcely swelling at
3PeX (to 3-0m) with blue-black pigmented cap (K+ brighter, N+ red); sparingly branched and
Snastomosing, Asci . 85-95 x 30-35pum, Rhizocarpon-type. Ascospores hyaline, becoming
brown When over-mature, halonate, 1-septate, 8/ascus, 21+5-25+0(-28+0) x 110-12:0m.
Hypothecium dark brown. Excipulum of radiating hyphae, dark brown throughout.

Conidiomata not seen.

Che"""St')': thallus C-, K+ yellow, Pd+ orange; stictic acid and accessories by TLC.

Rhizocarpon colludens subsp. rufoatrum is separated from subsp. colludens by its red-
br s
OWn (rather than grey-brown) thallus, its ecology of being restricted to very high altitudes (at
leagt ; , :
| Stinthe Uk ) and the presence of stictic acid in the thallus. One specimen with the
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morphology and ecology of subsp. rufoatrum did not contain stictic acid but the production of
this substance in other species of Rhizocarpon is also irregular. Although | could detect no
significant differences in the anatomy of the two taxa a more detailed investigation may yield
information which would justify treating them as distinct species. Associated species include
Frutidellz caesiaatra, lonaspis odora, Miriquidica griseoatra, Porpidia tuberculosa,
Rhizocarpon geographicum aggr., R. polycarpum and Stereocaulon tomense.

Additional specimens examined: Scottand: V.C. 88, Mid-Perthshire: Ben Lawers, top,
July 1864, 1. Carroll (BMY); ibid., gully, 1869, J. Stirton (BM) [on granite!]l; Beinn Cheathaich,
2714432, 925m, acidic boulder on summit, 5§ May 1991, Fryday 2278. V.C. 96, Eastemess,
Caimgorm, Ciste Mhearad, 38/0104,1075m, granite boulder by late snow bed, 20 August
1995, Fryday 6259. V.C. 97, Westemess: Aonach Mor, 2711972, 1150m, acidic rock above
late snow patch, 26 June 1990, Fryday 1225; ibid., Coire an Lochain, 27/1973, 1050m, acidic
rocks below late snow patch, 21 August 1990, Fryday 1311 & 1314. V.C. 98, Argyll Main,
Balmally, Beinn &' Chochuil, 27/1132, 850m, exposed granite boulder, 1 May 1991, Fryday
251. v, 104, North Ebudes, Isle of Skye, Trottemish, The Storr, 18/4354, 700m, exposed
acid boulder, 22 July 1990, Fryday 1283. V.C. 105, West Ross-shire, Beinn Dearg, 28/2581,
1000m, rocks above late snow bed, 10 August 1995, Fryday 6228 & 6242.

R”‘Zocarpon ‘sublavatum’ ad int.
Typus: Caledonia; V.C. 97, Westemess, Ben Nevis, Coire Leis, 27/171712, 1050m, on

!
2088 stones below crag, 5 September 1996, A.M. Fiyday T101 (E-holotypus, BM, UPS, M,
Wi -isotypus)

Thallu effuse, usually in small patches 1-2cm diam. but sometimes coalescing to cover
farger areas, cracked-areolate, thin, mid to dark grey occasionally brown-grey. areoles 0-2-
0-30. “mm diam., flat to slightly convex, hypothallus clearty visible. Photobiont
horococcmd, cells (10-)12-15(-18)um diam. |
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Apothecia black, lecidine innate when young, becoming sessile when mature, 0+3-
0-5(0+8)mm diam.; proper exciple persistent, thick and raised. Hymenium hyaline, 1+ blue,
120-140um tall; epihymenium olivaceous (K+ blue, N+ red). Paraphysoids c. 2:0 pum thick
Scarcely swelling at apex (to 3<Oum), with pigmented cap; sparingly branched and
anastomosing. Asci, ¢. 80-100 x (27-)32-40(-45)um, Rhizocarpon-type. Ascospores
hyaline, halonate, eu-muriform, 15-20(-25) cells in optical section, 8/a$cus, (22+0-)27+0-32+0(-
40-0) x (11 +0-)14+0-160(-17+5)um, length/breadth ratio (1+6-)1+8(-2+4). Hypothecium mid- to

dark brown, Excipulum of radiating hyphae, pale brown with darker outer cells (K+ blue-
black).

Conidiomata not seen.

Chemistry: C-, K-, KC-, Pd-. No substances detected by TLC.

Rhizocarpon sublavatum is, in many respects, intermediate between R. reductum (syn.
R. Obscuratum auct.) and R. lavatum and has probably contributed to the confusion
Surrounding the former species. Like R. lavatum , with which it often grows, it has eu-
Muriform ascospores but they are both smaller (33+0-50-0um long in R. lavatum) and have a
lower lengttvbreadth ratio (2:0-3+1 in R lavatum). It also has smaller, more sessile apothecia
(Fig. 2.1p), The thallus of A, lavatum is also more often rimose than areolate and browner
thanin R, Sublavatum. 1t is also often the host to parasitic fungi (Endococcus spp.) but these
have not been observed on A. sublavatum, even when the two species grow together. R.
"eductum has smaller, sub-muriform spores, a thallus containing stictic acid (K+ yellow, P+
orange) and is rarely encountered at the altitudes at which R. sublavatum occurs. The
Species Closest to R. sublavatum in both macroscopic and microscopic characters is R.
apenm,; ; both have spores of a similar size and shape (Figs 2-16 & 2+17, pp.180-183) but
R naperum has a taller thecium with narrower, more branched paraphysoids as well as a
differeng apothecial pigmentation - only brown pigments present, Macroscopacally R.
“aperum has a browner, more granular-areolate thallus. The two species often grow
Ogethe’ when they remain momho!ogvcaﬂy distinct.
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Figure 2.12. Rhizocarpon 'sublavatum'ad int. showing small, sessile apothecia.

(Magnification: x4)

Rhizocarpon sublavatum is typically a species of damp, siliceous, montane rocks widely
distributed across the Scottish Highlands (Fig 2*13). It often forms mosaics with species
such as lonaspis odora, Porpidia contraponenda, P. tuberculosa, Rhizocarpon anaperum, R.
lavatum and Stereocaulon tornense although in its type locallity, where it is abundant, itis
almost the only lichen growing on loose stones at the base of a high cliff, suggesting that it is a

colonising species, perhaps replacing R. reductum in this role at high altitudes.

Additional specimens examined: Scotland; V.C. 88, Mid-Perthshire: Ben Lawers NNR,
Lochan nan Cat, 27/6442, 750m, rocks near stream, 6 July 1989, Fryday (hb Fryday); Meall
na Cnap-laraich, 27/5039,775m, siliceous rocks, July 1989, Fryday (hb Fryday); Beinn
Heasgamich, Allt Tarsuinn, 27/4338, 700m, top of acid rock beside stream, 26 April 1991,
Fryday 2227; Meall Corranaich, 27/6140,1000m, quartzite pebble, 4 May 1991, Fryday
2158a. V.C. 96, Easterness: Cairngorm, Ciste Mhearad, 38/0104,1075m, granite boulder by

late snow bed, 20 August 1995, Fryday (6259) & S. Chambers; ibid., 12 September 1995,
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Fryday 8308; Coire an Lochain,28/9802, 1000m, granite rocks in N-facing coire, 21 August
1985, Fi Tyday (6282) & S. Chambers. V.C. 97, Westemess: Aonach Mor, Caire an Lochain,
2711973, 900m, acid rocks beside water side, 21 August 1690, Fryday (1308) & O. Gibert
Ben Nevis, Summit plateau, 27/1671, 1340m, shaded rocks on N. crags, 25 August 1990,
Fiyday (1365), 0. Gilbert & V. Giavarini, V.C. 98, Argyll Main: Glen Coe, Bidean nam Bian,
jUSt West of summit, 27/140542, 1075m, on pebbles in wind-swept bealach, 14 August 1992,
Fryday 3411; Ben Sguilard, W. ridge, 27/021448, 400m, amoung bryophytes on damp,
’schi_‘stose rock outcrop, 9 July 1995, Fryday (6084) & R. Leishmarr, Glen Coe, between Stob
'C°i’9 nam Beith and Bidean nam Bian, 17/139544, 1080m, on top of igneous rock outcrop
(?ahdesite) on damp, N-E-facing slope, 29 July 1995, Fryday 6187&8. V.C. 105, West Ross-
shire, Liathach, Coireag Cham, 18/914577, 800m, sandstone boulder in area moderately
2Mected by lte snow lle, 7 August 1995, Fryciay 6198,

ROP&IOSpora lugubris 'subsp. sorediata’ad int.
Typus Caledonua, V. C. 98, Argyll Main, Glen Coe, Coire nam Bertheach 27142, 545,

875m alt , o east-facing rhyohte cragin dry underhang, 15 July 1992 AM. nyday 3347 c. fr.
,(E h°'°typus) |

7hallus crustose dark grey (often purple tmged) or pale to dark brown, cracked areolate,
| areoles Plane to verrucose Sofa],a c. 0.1 -0+5 mm diam., mutnally dlscrete but usua"y ERae
‘ fb°°°mlng conﬂuent saredla concolorous with the thallus, coralloud-granular' usually
) be°°'“'"9 pale yeuow—brown fannose Photoblont cells thnck-walled 7 16( 19) x8 12( 13)um
ften d!wdmg to gwe 24 daughter ceﬂs | S »' .

Apotheaa very rare, |dent|cal to R Iugubnsf Iugubns S

 Conidiomata not seen. | ; T G e
Che’”'Sth C- K-, KC— Pd- Umdenhﬁed substance at A4, G:A colourless UV+ whtte, [
| browmsh-pmk UV+ cream after developmg, accompamed by two accessones w&th the same"f
| haractenstlcsataboutAa G:34. i i v o s



The production of soredia occurs in most species of the genus Fuscidea (to which
RoPa’OSPOra is very closly related) often as the primary means of reproduction. Species
Which usually reproduce by apothecia also occasionally produce soredia but these are rare
(but cf, Fuscidea poelttii above), only occur within normal fertile populations and the sorediate
Plants are always fertile; F, cyathoides var. sorediata is a described example but | have also
Seen soregiatg specimens of F. intercincta (?F. oculata), F. kochiana and F. lygaea.
Ro"a’osmfa lugubris subsp. sorediata, however, is very rarely fertile and is also more
frequent and widespread than the non-sorediate plant. For this reason it is considered
ppropriate to afford it some taxonomic recognition and the rank of subspecies seems most
SUitable’.

Ropalospora lugubris subsp. sorediata was described as Fuscidea sp. A by Gilbert et al.
(1988,238) ang has subsequently been found to be widespread on acidic rocks throughout the
Western Scottish Highlands (Fig. 2+14). Similarities of thallus morphology and ecology
Suggesteq that it may be the sorediate counterpart of R. lugubris and the discovery of a |
Population with mature apothecia confirmed this opinion.

ROPaIOSPOm lugubris subsp. sorediata is more widespread than subsp. lugubris over
Much of the westem Highlands and is by far the more common morph. However, in the

ofﬂdonlan Sandstone areas of North-West Scotland where R. Iugubns subsp. lugubris is
fairy frequent, subsp. sorediata s rare. | ’

The variation in thallus colour and morphology of R. lugubris subsp. sorediatais similar to
that foung in subsp, lugubris and appears to be due to env‘ironmental‘conditions; specimens
With a thinner thallus occurring on fine-grained rocks (e.g. rhyolite, basalt‘etc.) and those with
Athicker thallus on more friable rocks (e.g. schists). Superficially, R. lugubris subsp.
SOrediata appears to have two different types of soredia as they are inltlally granular-coralloid | ‘
and Concolourous with the thallus often coalescing to cover areas up to 5 mm diam. but these
later burst' (or abrade) giving rise to smaller cream coloured farinose soredia. There is
°°°aSlonally very little evidence of the original form but careful examlnahon will usuaﬂy reveal |

Some darker, granular soredia around the edges of, at least some soralia. Assomated
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Species include Coceotrema citrinescens, Fuscidea gothoburgensis, F. intercincta, Lepraria
Iobiﬁcans, Pertusaria corallina, Porpidia spp., and Rhizocarpon geographicum aggr.

The relationship of this species to the Scandinavian R. atroumbrina - which is not known
fertle - i in need of investigation. R. atroumbrina apparently differs from R. Jugubris subsp..

Sorediafa i jtg more coralloid soredia which have a different ontogeny (S. Ekman, pers.
comm,),

Additiona) Specimens examined: Scotiand: V.C. 88, Mid-Perthshire: Ben Ghlas, Crags at
head of Caire Odhair, 27/6240, 900 m, on west- facing mica-schist crags, 3 August 1989,
Fivaay (h Fryday); Beinn Heasgamich, Creag na h-Acharich, 27/4238, 750 m, exposed
Acidic Crag, 26 April 1991, Fryday 2237-9 [with immature apothecial; Creag Mhér, N-E Crags,
2713936, 80g m, mica-schist underhang, 17 May 1991, Fryday 2332; Beinn Heasgamich,
North Ridge, 27/4238 950 m. mica-schist boulder, 18 August 1991, Fryaay 2834; Ben Vorich,
4716219, c. 60g m, on underside of schistose boulder, 13 February 1992, Fryday 3052. V.C.
97, West Invemess-shire: Sunart, Strontian River, 17/8666, 250 m, acid rock in ravine be!ow
“1USed metal ming, 18 June 1692, Frycay 3174; Sunart, Beinn Resipol, 17/7565, 450 m,
Yertical, shaded acidic rock, 19 June 1992, Fryday 3193. V.C. 98, Argyll Main, Glen Coe,
ch"ambelthach 27/1356, 200 m, undersids of ?rhyolite boulder 15 July 1992 Fryday 3348.
VC. 104, North Ebudes: Isle of Skye, An Camach, 18/5520, 200 m, east-facing basalt crag, 4
dune 1991 » Fryday 2390-1: lbld Quiraing (Cuithearaing), 18/4569, 250 m, exposed basal
25, 8 June 199 , Fiyday 2452. V.C. 108, West Sutherland, Creagan Meall Houm, N-E
facing Crags above An Dubh Loch, 29/3445, ¢.475 m, shaded underhang 2 September
%91, Tyday 2052 V.C. 110, Outer Hebrides: West Lew:s Glen Raonasgnll Temnasval
19032, shaded acidic (?granite) boulder, 22 June 1991, Fryday 2507; North Harris, Glen
Uladaye, Creagan Leathan, 19/0712, exposed east-facing crag, 29 JUﬁG 1991, Fiyday 2612
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NEW COMBINATIONS

RhiZOCalpon colludens (Nyl.) ad int.

Lecideg colludens Nyl. Fiora 53:38 (1870).

Syntypus; Nyl. 10047, 10060 (Lecidea atroalba v. chlorospora), Vainio - sec. spec. orig. Acta
Societatis Fauna Flora Fennica 53(1):332 (Lichenographia Fennica I,

Thallus thick, cracked- areolate, areoles flat to slightly convex 0-2 0+8mm diam.; grey-
brown 1 red-brown, Photobiont. chlorococcoid.

Apothecia frequent, black, lecidine, immersed in the thallus and immarginate (exciple if
Present thick ang scarcely raised) or sessile with persistent exciple. Hymenium 100-120um
', hyaling, 1+ bige, Epihymenium blue-black (K+ blue, N+ red). Paraphysoids branched and
afk‘istomosing, 2¢5-3-0um wide (sWellihg at apex to 3+5um), with sharply delimited blue-black
Pmented cap. Asci ¢.100 x 30 um, Rhizocarpor-ype. Ascospores hyaine becoming
brown when over-mature, halonate, 8/ascus, 1-septate, 24-30 x 12-15um. Hypothecium
dark browp, Excipulum of radiating, dark brown hyphas.

Conidiomaa not seen.

Chemistry: C-, K- or K+ yellow, KC-, Pd- or Pd+ orange : No substances or stictic acid
Getected by 1.

Rhiéoca'DOh colludens has usually been included within R. hochstetteri and although it
hag the Colourless, 1-septate ascospores and paraphysoids with sharply dehmlted pigmented

%30 of that species it is clearly distinct. The most obvious difference is the much Iarger
as°°SPOres of R. colludens but the two species also differ in a wide range of characters which
3¢ SUmmarized in Teble2+4. |

The descnptlon of R. hochstetten glven by Purvis et al. (1992) is a comblnatnon of
Slements of R. colludens and a further undescnbed specnes, R oceanicum ad int, (see
Section 2:3-2:3 and Fryday 1996). This latter species, which is frequent on siiceous
boulde,s in oceanic woodlands, is snmdar to R. hochstetten with respect to ascospore size
ad as the ascospore dxmensnons glven by Purvis et al. refer to R. colludens this explams the
d 'SCrepancy with contmental specnmens which they mention, | ) N
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T; :
able 2+4, Comparison of the main features separating Rhizocarpon colludens from R.

hochstetter;

\

bty

Ascospores

\

R. colludens
Exposed upland and montane
rocks

Grey-brown (subsp. colludens) to
red-brown (subsp. rufoatrum).
Thick, areoles convex.
Widespreading.

No substances (subsp. colludens),

or stictic acid (subsp. rufoatrum).

Flat and timmarginate or
convex with thick exciple.

blue-black .
¢. 150um high.

26-30um long.

R. hochstetleni
Usually shaded upland rocks,
particularly frequent on spoil from
disused metal-mines.

White to grey to grey-brown.

Thin, areoles flat.
Seldom > 2 cm diam.

No substances, stictic acid
or norstictic acid.

Remaining flat with persistent,
thinner exciple.

blue-black to olive-brown.
80-90um high.

14-16um long.

Of the 28 specimens of A. colludens examined 9 contamed stictic acid. These were all

ﬁom
high altitude (over 900m) and had a thick red brown thallus with innate, immarginate

apo
thecia ang hymenium and spore dimensions towards the upper end of the range

Cony
ersely, most specimens lacking stictic acid tended to have a grey-brown thallus with

Sesg;
le apothecia and smaller apothecial dimensions. It is considered that these differences

ar 8s
Ufficient to warrent recognising the two entities as distinct taxa and as the differences are

Main .
ly ecological ang morphological rather than anatomical, the rank of subspecies seems

Most appropriat i acters '
priate. As the type-specimen of R. colludens has all the characters of the stictic

acig : \ e '
| deficient strain the stictic acid containing strain is described above as R. colidens
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SUbsp. rufoatrum adint
Species associated with subsp. colludens include Lepraria caesioalba, Miriquidica

Complanata, Porpidia tuberculosa and Rhizocarpon lavatum.

Selected additional specimens examined: Wales: V.C. 49, Caemarfonshire,
Gwastadnant, Gwm Glas-bach, 23/6156, 325m, on top of low flat boulder, 10 October 1994,
Fryday S747. Scotiand: V.C, 88, Mid-Perthshire: Glen Dochart, Ledcharrie, 27/50228, 175m,
acid boulder, October 1939 Fryday (hb. Fryday); Ben Lawers range, Glen Roro, 27/6141,
800m, top of low mica-schist rock, 26 March 1991, Fryday 2120; Beinn Heasgamich, Creag
" M-Achlarich, 2714238, 750m, top of flat acidic rock, 13 Aprl 1991, Fryday 2159. V.C. 7,
West Invemess-shire: Aonach Mor, north of bealach,27/1972, 1100m, schistose crags near
Comice Snow bed, 23 August 1990, Fryday [1336], Gilbert & Giavarini; Ben Nevis, summit
Plateay, 27/1 671, 1340m, top of crags affected by comice snow bed, 25 August 1990, Fryday
_[1 355, Gilbert & Giavarin

Ster ©ocaulon plicatile (Leighton) Fryday & COPP‘"S

Lecidey plicatils L eighton, Ann, Mag. nat. Hlst ser. 4 4201 (1869) - Rh:zocamon P”Cat""
(Le‘gh”A L. Sm., Monogr. Brit Lich, 2197 (1911). Type: Wales, [V.C.48, Meﬂonethl Cader
ld"s “yn'Y-Cae on schistose rocks, 1869, W. A Lelghl‘on (BM h0|0WPUS)

7773//us Crustose, thm (to 0+2 mm thtck) rimose 0 areolate, sorediate. Areoles when
screte, . gup. o-emm wide, conﬂuent to scattered, p!ane to shshtly convex, whmsh to grey. -
Matt to shghtly glossy, only rarely a few with hyahne centres Cortex 28-70um thlck hyahne o
de“se’y encrusted w:th mmute crysta!s (mostly K+ dnssolvmg yenow hyphae . 25- 3um (in k'
K)' epinecral Iayer often present to 12um thlck Soralta 0-2 0'3(»0'4)mm dlam ansmg frﬁm i
Cracks i the areoles dnscrete to becommg conﬂuent pa!e green to bluush green or brown -
Sored‘a 2 25-50um diam., greemsh white, but surface soredia often brown tlnged surface

hyphag brown-wal!ed (p!gment K-, N) Photob:ont ?trebouxno!d cells 6—11um dlam or



ellipsoid ang 7-14 x 4-8um. Cephalodia absent.

Apothecia (0+2-)0+6-1+2(-1+6)mm diam., sessile, blackish with a brown tinge (especially
When Moistened); disc flat to slightly convex, epruinose; margin usually distinct but becoming
"eflexed or folded in old apothecia, ¢. 0«1mm thick, smooth. Hymenium (80-)90-100(-110)um
tal, hyaline, but I+ blue around the asci; epihymenium 15-18um tall, reddish brown, K-, N-,
Par, aphyses mostly simple, only a few occasionally branched or anastomosed, 1¢3-1+5um
thick in mid-hymenium; apices swollen to 3-4um, with distinct, dark brown apical caps. Asci ,
°|avate~cylindrical, (65-)70-95 x15-25um, (4-)8-spored, apical dome I+ blue with dark blue,
ial tubg (Porpidia-type). Ascosporés 20-32 x 10-15um, variously ovoid, ellipsoid or fusiform,
hyaling, Submuriform to muriform with 3-7 transverse septa and 1-6 transverse cells with 1
(very rarely 2) longitudinal septum, without a distinct perispore. Subhymenium often difficult to
distinguish from hypothecium, but usually paler and 15-30um tall. Hypothecium 40-70 um tall
"eddish brown, K+ orange-red tinge. Excipulum distinct, running beneath the hymenium
Amost tq the centre of the apothecium, dark reddish brown within, somewhat paler towards
the edge, formed of dense, radiating, strongly conglutinated hyphae, 2+5-3+5ym thick, with a
"ather thick wall and a narrow lumen; apical cells at edge of excipulum swollen to 4um, often
With distinet apical caps (as in paraphyses).

Conidiomats Pycnidia, immersed in the areoles, ¢. 60-70um diam., dark reddish brown,
Jobose, Conidiogenous cells sessile or on once-branched conidiophores, forming mainly
ACrogenous (rarely also pleurogenous) conidia. Conidia (spermatia) 14-18(-22) x 0+5-0+7um,
hya]ine, filiform, curved. ,

Chemistry: Cortex K+ yellow, Pd- or Pd(f)+ yellow; soralia K+ yellow, Pd+ orange; medulla

K+, or K(®+ yellow, Pd-; all parts C-, KC-, UV-. Atranorin and stictic acid by TLC.

The holotype of Lecidea plicatilis in BM, collected from Cader Idris, North Wales in 1869,
's S Smayl and in poor condition. It consnsts of four flakes of rock (totalling ¢. 1 cm2) with only
Mo, ' IMMature, apothecia. However, detailed anatomical notes were made by P.W. Jamesin -
1960 and the specimen has been subjected to TLC and found to contain stictic acid and |

ranori, Close exammatlon of the thallus fragments revealed the presence of soredla
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developing along racks in the thallus.

Lecidea piicatifis was transferred to Rhizocarpon by A.L. Smith on account of its
Muriform spores, There is an undated annotation on the herbarium sheet from Feuerer
"efering it to R. obscuratum as well as an annotation in pencil (?Lamb) querying its placement
i Rhizocarpon, ts true identity was discovered during research into Rhizocarpon subgenus
Phaeomallus for this study when it was realized that it was a specimen of a crustose
Stereacavion (similar to S. tomense but with muriform, not 3-septate ascospores) known from
aNumber of sites in the Scottish Highlands and previously believed to be undescribed.

Due to the poor condition of the type specimen and the confusion surrounding this entity
(R. plicatie Supposedly contains norstictic acid) a description of the species is given here.
The €cology and systematic position of this species is discussed more fully in Fryday &
Coppins (1996,

Selected adaitional specimens examined: Wales: V.C. 49, Caemarfon-shire, Snowdon
818, Crib-goch, 23/6255. c. 850 m, pebbles in Festuca heath, 1893, Fryday 4671 (hb
Fiyday) Scottand: V.C. 88, Mid-Perthshire: Ben Lawers range: crags to N of Ben Ghlas,
271625405, ¢ 1000 m, on vertical acid rocks, 25 August 1989, Fryday (E, M); Ben Lawers
fange, Ben Ghlas, 27/624405, ¢. 1020 m, on acid rocks subject to late snow-lie, 23 October
1989, F fyday (E); Ben Ghlas, 27/62.40, ¢. 1050 m, on acid rock, subjected to late snow-lie,
Ocmbe' 1989, Fryday (E, hb Fryday); Beinn Heasgarnich, Coire Heasgamich, 27/414384,

1050 M, October 1989, Fryday (E, hb Fryday). V.C. 92, South Aberdeen, Glas Maol, 37/1677,

& 900 m, on pebbles and boulders in north-facing corrie, 1991, Fryday 2933 (hb Fryday). V.C.
9, Westemess: Fort William, Aonach Mbr 27/1972, 1150 m, 1990, Fryday 1214 (E); Creag
Meagaldh, 27/4087, 1000 m, on low silceous boulders in grass heath above area of late snow-
" September 1904, Frycay [5608 & 56101 & Gbert (b Fycay; bid, 1995, Fryday 6163
b Frygay), V.C. 98, Argyll Main, Glen Coe, Coire nam Beitheach, 27/1454, ¢. 1100 m,
Vertical rocks in NE-facing coire influenced by late snow-lie, 1992, Fryday 3397 (hb Fryday).
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2:3 IDENTIFICATION
231 Keys to sterile crustose saxicolous and tericolous

lichens occurring in the montane areas of the British Isles.
2349 o1 |m0(hcﬁm
Saxicalous lichens are generally perceived to be 'difficult’ and, consequently, have
'9C8ived far less attention than corticolous ones. However, this is largely a self-perpetuating
Problem as the main reason they remain 'difficult’ is because they are little studied. Their
 ificuity s primarily a consequence of two factors:-
3 Many grow in areas little visited by lichenologists (i.e. uplands and mountains) and are,
therefore, less often encountered.
b) the hature of their substrata means that they are often both time-consuming to collect

and itis more ifficult to obtain a good specimen for detailed examination.

This Unsatisfactory situation is even more pronounced when it comes to sterile
Saxicoloys Species. Sterile corticolous lichens which are fewer in number, easier to collect
d morg frequently encountered have been the subject of comprehensive studies i n
Sca"'dlnawa (Tensberg 1992) Central Europe (Schreiner & Hafellner 1992) and Great Britiain
and lreland (Purvis et al. 1992). In contrast there are no recent studies devoted to sterile
Sicolous species in these areas and no recent key which attempts to treat all the known
SPecies in a ragion. |
Every attempt has been made to make the followmg keys to stenle saxucolous crustose
Ichens as complete as posslble Specnes whuch are usually cortlcolous and only occasionally
Occur On rock are included as are a number of undescribed taxa, most of whxch will be
fo Crmaly described in taxononic papers currently in preparation. Where a spemes is known to
Occur ag More than one chemotype, all but the very rarest are included. However, it is not
POsSsiblg to allow for every eventuality and the possibility of unusual ecologies and chemistries
Shoulg always be bome in mind. It should also be stressed that the keys are intended foruse

With we) developed specxmens whnch usually occur without fruiting bodles, many specumens
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ot usually fertle species with a poorly developed thallus or lacking ascomata will remain
indeterminate, It should also be borne in mind that these keys are not intended as a self-
Sufficient means of identification. When a specimen has been 'keyed-out' it should be
Checked against a more detailed description, preferably in Purvis et al. (1992).

For the most part, only thallus morphology and chemical spot tests are used as
Characters in the keys, although occasionally the colour reaction under UV light is required.
Ecalogica) and distributional information is sometimes included when this helps to increase
the Certainty of a determination but this should always be treated with, at least, the same
Caution as other characters.

The Majority of the species of the genera Lepraria and Leproloma have been omitted
lom them keys as:

3 their identification is often extremely difficult without resorting to TLC
b) a key to these two genera has recently been published (Orange 1995); this should be

Consulted, along with the present 'Key 1', for all leprose species.

HOWever Leproloma membranaceum and the species of the Lepraria caesioalba group
(md“d'”g the granular form of Lepraria cacuminum) are included as the lobed thallus of the
former ang the well-developed, granular thallus of the latter could result in their being mistaken
Tor other genera,

Chemical 'spot-test reactlons are often best carried out microscopically by mounting a
#ction of the specimen to be tested on a siide and flooding the preparation with the
3Ppropriatg chemical. This apphes particularly to reactlons with C, especaally on those species
With dark thallus (Rimularia furvella, Placynthiella lcmalea etc.). The reaction glven with Pd
s that for the frashly dissolved reagent in methylated spirits. The reaction of atranorin with Pd

May cause some confusion. This is represented inthe keys as Pd- or faint yellow but the
Colour often, develops over a period of about 30 seconds to produce quite a distinct colour A
e Py, yellow reaction develops within 5- 10 seconds of application of the reagent. In cases

of doubt the reagent should be tested ona specumen of a common specles known to contain

atra”°"n (e.9. Evernia prunastn Lecanora chiarotera, Physc:a spp., Plat/smatla glauca o

Tephromela atra).

-119-



When sing the keys itis recommended that specimens should, if possible, be examined
Using a x10 binocular microscope fitted with powerful top lighting.
The presence of confiuentic acid (used as a character in Key 4) can be detected, without

‘res°’ﬁng to thin-layer chromatography, as described by Fryday (1991a).
2‘3’1 02 T'B Keys

! Thallus With at least SOME COMICAME AIEAS w.vr..reoerrewrrsrsseessmsremsrisssssssssssssesmssns 2
Thallus completely NON-COMICAtE OF IEPIOSE wveererrsweersrsmsssmssessrmssssrssssssssns Key 1
1) Thallus and Sorecia o, KG v 3
Thallus and/or soredia C+ or KC+ red, orange of Yellow ........uvomenmersnicecca Key 2
3 Thanys SOrediate, OF With DIASHAIA ...........cesumeeerssmmsuessssssmssssssessssssssassnsessasssssssssssssasisess 4
TREIS WItNOUE SOMEAIA LG <oevrer v esserssereseessssescesssssnsssssssssssssmsssssssssssses 5
Q) Thallus OF S0redia ither K+ OF PG+ co..vvsseeossesesmssssssssssssssesssessssssssssssssssssns Key 3
Thallus with all Spot test FeACHONS NEGAKVE wveveeervrrerererssesssissssssssssres Key 4
Q) TRIIUS GIHEF K-t OF PO veevveeseeeessenssesmeeseesessssssssssssssssssssassssesssssssmsssssssne Key 5
Thallus with all POt test FEACtIONS NEGAIVE w..o-cerirrressrsrssssssssisssssssssssssssore Key 6
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KEY 1

Sterdle saxicolous and terricolous fichens with a non-corticate o leprose thallus

1

1)

3Q)

42)

5(4)

6(5)

(M

----------------------------------------------------------------------------------------------------------------------

C+ persistent orange. Thallus yeflow-green to green (occasionally straw-coloured)
when fresh, Thallus of farinose soredia, 20-30(-50)UMm diaMm  .ociemerssemnrusscsscnsisenses 3
TRANUS Gt 1A oormreoreoeosessesessesseseseeesesesssssssssssnssssssssssss s SE R s R0 4

Thallus green-grey to straw coloured (usnic acid absent); surface soredia often brown,

OreY or flecked DIUB-QreY  ...ereeesencsesssmssrerssmmsssssssssssssssmssssssssssesssseess Lecidella scabra

Thallus of +smooth, grey granules, forming irregular rosettes; granules >0.1m diam.
Pd+ yellow (alectorialic acid). Usually in exposed Situations ... Lepraria neglecta

Thallug NON-COTHICALA, DIOWN  cuvveeucerranmrissssessesensssrassassssssssssssasemssntrsssssaasansssssmssnasenssssss 5

Thallus greenish-brown of soft, sorediose granules. On damp siliceous rocks and

- T TSI I R R R Trapefia obtegens

........
----------------------------------------------------------------------------------------------------

Photabiont Trentepohlia .....eeeeerssmussssrssnasesse k srasvonsessssesnien E— o

Photobiont chlorocoCeoid  we...seersmessmseseess TR S R 9-



8() Thallus widespreading, thin, pinktsh UV-. On calcareous rocks (N+)

......................... Belortandams:ensts

---------------------------------------------------------------------------

Thallus greyish-white, tinged pink torming thick cushions; UV+ ico-blue (lepraric acid).

P URTE T T S———— Lecanactis latebrarum
g lllllll
() Thallus yellow, yellow-green of S 10
Thallus grey, brown or T—————— 20
T ————— 1
............ 12
ST ——— 1

“(10) On acidic rocks. Blue-grey patches (K-, UV white) usually presert - Lepraria incara

* On tcalcareous rocks. Thallus completely yellow of greenish- yellow

-------------------------------------------------------- W m‘ ' n
1 2 > Avep
R L U —— —— 13
. ‘ o eeesnsaearasasreserere 14
ERTra S———

13(12) White arachnoid prathallus usuéllyk present Centre of thal\us comp\etely eprose;
soredia uniformly yellow (usnic ) R memdanma odml@lm\' ochrolecua

Prothallus absent. Thallus non-comcaia with idtscrete, b‘ue- grey ﬂecked sored:a

; Usually CORSIA) serrsasaressssssamsssssssemmsesesseeses” T Lacwmbmom

14(1 2) Thallus Qf gomocysts 0.1.0.4 mm dtamk without pigments Photobiom micareoid.
‘Usually on bryophytes but occaStonahy directly on s&hcecus rocks .. Micarea prasing -
Thallus leprose (non corticate). Cdoured by yeﬂow green or bright ve“ow—green

pigments. Photobiont not mtcareoxd e renssssees FRRRHRRS ‘\5
: 15(14) ‘Bﬁght gréen‘or yéltow—gieén; (pulvinié acid devivatives). usnsc amd absent ....‘.‘.‘.7..,.'..".,,16 :
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Thallus yellow to yellow green (usnic acid). Over bryophytes on silicous rocks,

USUGNY N CIEVICES .vvvrrveeeeeeeeeeesessereseesesesssssessssssssssssssssmssosesssssssssnsesssssans Lecanora sp.

16(15) Thallus rarely more than 1-2 cm diam. composed of small areoles which break down

into granular soredia, Rhizocarpic acid present ..........cceceuvennne Arthrorhaphis citrinela
Thallus more wide-spreading. COMPIEtely IBPIOSE  .ev.er.eevurerrmrsrssresssmmsssssrss 17
17(16) In shaded underhangs. Thallus YEHIOW-GrBEN  ........eweeeesssesserserssssmssssesssssssssssessscessos 18
Ont vertical rock-faces. Thallus bright, Citrine Yellow ........cuceeiesnencemnsnsseniasenerineaae 19

18(17) Photobiont usually Trebouxioid. Rhizocarpic acid present. Thallus granules <O+l mm

------------------------
------------------------------------------------------------------------------------

---------------
--------------------------------------------------------------------------------

T Thallus granules >0+1 mm. Calycin and vupinic acid present ...... Chyysoitwix chiorina
Thallus granules 0-01-0+1 mm. Calycin or pinastric acid present

................................................... Rhizocarpon furfurosum

Thallus cream to grey 848488418848 S 21

2 (20) Thallus of tsmooth, ygrey granules forming rosettes in exposed situations ............... 2
Thallus otherwise. Usually in shaded situations ....... ceersees s s Re s Ra s satane 25

221 ThallUSP A+ GEEP YEIIOW O 180 ..rveersseererseresessesmssessssssssesns R EREERL 23

Thallus Pg- or faint YOUOW (BITANOMN) ..ouvvecsseceersernesesssssersessssessessessessssssensessnnes 24
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23(22) Thallus Pd+ red (fumarprotocetraric acid) ........ceeerverrerrssseessenes Lepraria caesioalba

Thallus Pd+ yellow (PSOrOMIC ACIA) ..vvvevreeeeerinreemsesseseresraesenes Lepraria cf. caesioalba
24(22) Porphyrilic acid DY TLC e eseeeeseeseesesesesssssessssersensnssens Lepraria cacuminum
POIDIYIIIC ACIA BDSENL.  voeveeerrsesrssessrssss s seesresreresreons Lepraria boreakis

Th
® granutar form of Lepraria cacuminum, which appears to be much rarer than the leprose form, can be

rel;
'ably separated from Lepraria borealis only by TLC.

25(21) Thallus with distinct lobes,forming irregular rosettes. Pd+ orange (pannaric acid).
Methyl Pannaric and stictic acids absent ..........cceeenserenne Leproloma membranaceum

Thallus not lobed:; prothallus or a marginal corticate area often present .................. 26

%(25) Thallus grey, blue-grey or black, usually with a prothallus; Pd- or pale yellow

T R 27

Thallys creamy-white to pale grey, without a prothallus; Pd+ yellow or orange (very
FIBIY PU-) coreeeeeseeresesssssesrssmsssssssssssssssssesssssssssssstsese st assese oo 28

27(26) Thallus whitish or pale grey, farinose, white, arachnoid prothallus usually present. On

Thallug completely dissolved into blue-grey, granular soredia 50- 80um diam.). Blue--
black prothallus often present. On exposed rock S—— . Tephromela gnmasa

27(26) Thallus often with a marginal corticate area; P orange-red, K+ yellow, UV-

(atranorin, zeorin and usuaily fumarprotocetraric acid). Most often over bryophytes,

FIGHY GECHY ON FOCK uuvververssusssresessnssssssesssssrsssssssassssssssnsassesstons Catitaria pulverea
Thallus without a marginal corticate area; Pd+ yellow, K+ orange, UV+ glaucous

’(thamnolic and perlatolic acids). Terricoldus ..... reeressaenarseeas lcmadophia ericetorum
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KEY 2

%’“%mmmmmmcmmmmcﬁm

2(1)

32

4Q3)

S(4)

6(1)

16)

8(n

Thallus and/or soredia C+ persistent orange (Xanthones) .....wsecsersssesressssesssssssnes 2
Thallus and/or soredia C+ Yellow OF fIEetiNG 180 ....ccevvresreecsrmsesssnerseassesessssssnssnssennes 6
TRENUS With thin ISIGIA <eveeeveesseeseseeeessesossessesesseseesssesessessessnes Pertusaria favocoraliina
Thallus with soredia cserasssRaLs AR aRS e A RS AR R R SRS SRR RSSO 3
Thallus Pd+ orange. On 1basic roCKS .......ceevrrereesssesssssarasans Perlusaria amarescens
TRBIUS PU- oo ssssssssssssesessssapessssessssmssessssssssssssassssssRESSS 4

------------
---------------------------------------------------------------------------------------

............................................................................. Lecidella scabra
Thallus yellowish-green (usnic acid), effuse, granular, rarely cracked areolate.
Soralia CoNCOIOUIOUS  weevermeeeeoeerresseneres S Lecanora expalions
PHOLOBION TrONBDONNA ...eovevveeireereossesssssessssssessssesessessssssmssssasssssessesisses e —— 7

Photobiont chIOrOCOCEOId  wummvmesssssmesrrsre TSR -9

Thallus C-; with numerous stalked white pruinose pycridia, the tips of which react C+

TEA. OVET BIYOPIYIBS ..ovveessesessseessersssmssssssesssssssmassssssssssssasasssssen Lecanactis abietina
Thallus C+ red; without stalked pycnidia. Directly on rock ... 8
Thallus thin, BIOWNISR .veeu.eiieisseseeseesseseesseseeresreesssenes rreeraennannans Opegrapha gyrocarpa



9(6)

10(9)

11(19)

12(11)

13(11)

14(g)

Thallug usually thick, white-grey (occasionally thin and dispersed when on siliceous

rocks); soredia 30-50um diam. Medulla UV+ glaucous or (rarely) yellow. Contains

leCaNOric acid and eyt ......ooeeeeeoooeeeesososeesossseeees Dirina massilliensis {. sorediata
Thallus distinctly lobed, placodioid OF SQUAMUIOSE ......ccrsusseemsmmmsesssssssssnsssssssenens 10
TREIIUS WIHOUE I0DES +.vvvvveeneesooeeessooeesosseesssmsssessesssseersseseesresessseess s sssssesss 14
Thallus composed of greenish-grey, olive-brown to dark brown tdiscrete, ascending
Squamules (to 1+2mm diam), the margins slightly uptumed with white, farinose
SOTBAIA ...........cuumeeeeecnereeesseessesesseensessssarermsssssssmsssssssssssssssasssass Hypocenomyce scalaris
Thallus crustose with marginal lobes. If squamules discrete then never ascending
............................................................................................................... 11
Squamulose, marginal I0bes >0 2MM WIdE  .evveveriwssmserssresssmsssassssessssssessssesees 12
Placodioid, marginal 10bes <0s15MM WIS wvvvereeereesssssssssssssessssesssssssssssssssssenes 13
Squamules distinct >05mm wide. Often with coarse isidiate soredia. Terricolous,
USUIY AMONG FOCKS vvvvereeesercemssorersssemasnecsssssrssesssasssssssnssssssinsesses Trapebopsis walirothi
Squamules indistinct <0-4mm wide. Never sorediate or isidiate. Usually saxicolous,
FRIBIY HOITICOIOUS evevvemesmeinrermersessssesssssssmssesseneseessssssssossssssssssssssssssssss Trapeka involuta
Thallug shiny, often with small depressions Soralia at the level of the thallus, usually

‘black:sh sometimes capitate and greemsh Cephajodoa usually not distinctly lobate.

5-0- methylh;ascnc BOIH PIOSONE w.vvvvermeersrveresssssssassssenmsssssssissesessesosnnnns PACOPSIS lamibi
Thallus matt, or shiny only at lobe tips, without depressions. Soralia often erodéd,'
rarely black, Cephalodia usually distinctly lobate. 5-O-methylhiascic acid absent

..................................................... v es PIBCOPSIS golida

Thallus developing thin, spine-like extensions. Usually terricolous in montane heaths
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---------------------------------------------------------------------------------------------------------

TNRIIUS OHEIWISE ..vrcreveerereers s e e sessr s sesrs st ssssssssesssnsse 15
15(14) Thallus without soralia. Isidia, papillae, pycnidia or apothecia initials present ......... 16
Thallus with Soralia OF SOrEUIOSE PAICHES .voversersessrsssssssssissssssssssssssens 24
18(15) Thaliys tcompletely isidiate, isidia obscuring the thallus .........cceseenresessssrsssnsnnens 17
Thallus with scattered papillae, pycnidia or apothecia initials ........coeesersseessnssans 19

"718) Thallus and isicia whit or palegrey, sidia >0+3mm wids; Pd red

......
---------------------------------------------------------------------------------------------------

........................................................................................................... Rimularia furvelia
Isidia tbranched. Photobiont cells 5-9um diam. On damp, shaded rocks
..................................................................................................... Placynthiella icmalea
1 .
9(16) Thallus with papillae. STV T T ————————— 20
Thallus with pycnidia or apothecia initials .......ceesemssesrsarsrenssss A S 21
20(19) Thallus thin, grey to pinkish-brown. Papillae 0-05x0-1 mm ... Rimuaria intercedons

Thallus thick and tarterous (to 3mm), pale to dark grey. Papillae larger

2! (20) Thallug C-, composed of convex greenlsh-grey to orange areoles, C+ red apothecua ‘
mmals or pycnidia present SISSS— — ' | Trapelia nmmm
Thallus C+ red, papillae present .........c..... S A, 22
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22(21)

A2

24(15)

25(24)

2(25)

27(25)

28(30)

29(2g)

brown. Photobiont not micareoid. Conidia 7-10umlong ..eccenenvereens Lecidea fuscoatra
Usually terricolous, rarely saxicolous. Thallus of t+globose areoles, green-grey to
Yellowish. Photobiont micareoid. Conidia 6o 1<) (PR 23
Conidia flexu0se, 50-110UM I0NG. wurvvvvrrsrrerssssssimsnsssssessssseses Micarea cinerea
Conidia curved or SigMOid,20-40UM I0NG  wcvrrveersssesssrerssessesses Micarea peliocarpa
Thallus C+ yellow, KC+ yellow; thin, white-grey, smooth. Soralia often excavate and
inlines, becoming crowded and confluent ........eeeeseesreess Ochrolechia microstictoides
TRAIUS Cot 180, KO+ 180 wevereveseerneseerresenessesesnssssmsssssssssssssassssssssssssesesesssssese 25
Thallus or soredia Pd+ yellow, OraNge OF 180 .....usmmermessesessrsssimssssssssamssssns 26
Thallus and soredia Pd- OF faint YEIIOW  ......eecmmmmssmmssssmsssesssssesssssssessosssssines 2
ThalIUS OF GrBYISH GrANUIES ..evveserrererssssrssmrssessssossssessssasssssssssssssssssssssssessssess 27
ThallS Ot Of GrEYISh GrANUIES ...svreseerressmssessssesssmssessssrssasmssesssssssmssrsssssssessssses 29
. Thallus or sorediosa patches Pd+ red (argopsin and gyrophoric acid)
.......................................... Micarea leprosula
Thallus and soredia Pd+ yellow (alectorialic acid) B 28
Granules usually forming irregular rosettes, not eroding to form sorediate patches
........................................................................................................... Lepraria neglocta
- Granules usually forming an effuse crust; granules fragile and often eroding to form
SOMEAIOSE PALCNES ...rvvvesressseseessersssessssssssesssssrssssssmssamssanressrssssssoss Micarea submilfiaria
Growing directly on rock, soredia greenish to brown FER—- SRET——- “
Growing on bryophytes or soil: soredia grey-white to creamish ....... 31

Saxicolous. Thallus well-developed, cracked-areolate; +shiny,whitish-grey to grey-
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30(29)

31(29)

32(25)

33(3)

(32

35(34)

36(35)

Soredia greenish, K- or faintly K+ yellow (alectorialic acid). Photobiont Chlorella-like

...................................................... Fuscidea praeruplorum
Soredia brown, K+ red (norstictic acid), forming acicular crystals (microscope).
H . [ - -
PROIOLIONE THEBOUXIOIA evrrereerreerrseesressessssssessseeseesseereessesesneere Rimularia furvella

Soralia tdiscrete, formed by the apices of papillate granules bursting open.

Alectorialic and barbatolic acids (L CTX=T| R Pertusaria geminipara
Soredia widepreading, formed by eroding thallus. Gyrophoric acid and unidentified
SUDSEANCE PIESEN <..vvvveeeererrsersrssescsssssssssessesessesessessaermsessene Ochrolechia inaequiatula
................... 3
Thallus Of EffUSE GrANUIES ..v.voevresesssesssessessseeeseessessrsemesssnsssssesien
i eeseerasserersaraeses 34
ThalluS With +ISCrete SOMAlIa .....ooeewrseeessseserseneeseeresesesssmsssessssions

Thallus dark brown to black, the surface minutely isidioid or granular, On exposed

smceous TOCK wurturruecsrsimesesssmsserssssssesssssorssessssssssassssmassssssensassassansssssans Rimulania
Thallus greenish-brown of soft, sorediose granules. On damp siliceous rocks and
SIONES .....oovvevemsessssssssstssssssssmsssssesssssssssseesssssssssssssessssssssssssssssesssnsens Trapefia oblegens
JCOIOUS 1ovverrecrreenssarensessessasesessesssesessessssssesmrssessessasssssssassssssmsistsssasssasosssnsssssnstreosans 35
SAXICOIOUS  vrvvvrevsenneereeseesssnseserssssessseesssssssssssessesssesssss
i JOUS oo sssessisessemses e 42
TEITICOIOUS OF BIYOPHIOUS +ervrrenseserssesssressesssassisssassssssssseses
Thallus thin or poorly developed, K- (@tranorin 8DSEN)  .....esemusssssmessesssssesssonens 36
' ISIDIB evverenrsssmssersssassssssesssssensersssssssssessusassvansssssess R 37
Thallus thick and CEE VAT TS —— ‘
Soralia green, punctiform; photobiont MICareoid ........uessesimeses Micarea coppinsii

Soralia pale butf to ochraceous brown, not punctiform; photobiont not micareoid
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37(35)

38(37)

39(38)

40(39)

41 (40)‘

42(34)

43(42)

Thallus pale grey-green to dark chocolate brown, soredia pale ochre yellow to pale
Yellow green. UV+ bIUISR-WHItE coooovvvveeeeeeeeeeseeeoeeeeseesevesesseeseenees Ropalospora hbemica

Thallus and soredia OtNEBIWISE ceveeveeeeiveeeeriereeesseensesstssensssesessssssssassssesssssssnsesesssnnsessens 38

Thallus tinged pink; margin composed of discrete, teffigurate areoles. Photobiont

CRIOTBHA-TKS oo veoseeseeeseeesessssssssssssssesssmessessensesmenns Trapeka placodioides

--------------------------------------------------------------------------------------------------

Thallus grey, soredia cream to grey-green; C+ orange-red, (gyrophoric acid)

(Ochrolechia androgyna s. lat.) e 41

Thallus usually very thick (up to 3mm), grey-white; often with numerous pinkish

PADIIAL ..r...covrererersresesenssssssessssssssessesssssneess Ochrolechia tartarea '{. sorediata’ ad int,
| e (Ochrolechia androgyha 'B', sensu Tensberg)
Thallus thinner, creamy-white; without papillae ....c...cemeneens Ochrolechia MDmm

(0. androgyna *A', sensu Tensberg)

Thallus and soredia without green or yellowish colduraﬁon; thallus white-grey, soralia
cream coloured ... ‘ reerremeenees OChrOlOChiR androgyna 'A'

Thallus and/or soralia with green or yellowish COIOUFALION .....u.cc.creeemeeeerrsssssoeeson 43

Thallus with iregular orange-ed patches, K-+ purple .. Trapediopsis pseudogranulosa

Thallus without orange-red patches ..., seeseseseiereasarens ST S



443) Soralia grey-green to dark green, often tinged blue-green ......... Trapelopsis flexuosa

Soralia whitish to brownish yellow, sometimes tinged blue-green

Poory developed or shaded specimens of these two species are often impossible to separate. They are

®scribed in detaj) by Coppins & James, 1984.

KEY3

memmmwaﬁaammcmmxam

1)

42

Thallus orange or yellow, K+ purple (anthraquinone pigments) ..........ccvsmeessecssnnes 2
Thallus not orange or yellow, K+ red or yellow, or K- (anthraquinone pigments

absent). If greenish-yellow then NOt K+ PUIDIB ....c.uwermssseessessssersesssssessosessessessssees 4

Thallus with marginal lobes. Soralia bright yellow, lighter than thallus

---------------------
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5(4)

6(5)

1(6)

8(4)

9(g)

10(9)

11(g)

Thallus with crowded, tglobose isidia like papillae which leave eroded, granular-
SOTEAIAte PACHES ......vvvveueereeessenssssnnerssemasenensssmsassssassesssssssssnee Pertusarnia lactescens

Thallus without isidia or papillae; soredia preSent ..., 6

Thallus grey, soralia discrete, soredia concolorous and granular-isidiate (?A.
Simoensis) or yellow-green and farinose (A. GriSOa) ..oveverrvsrrress Aspicika grisea agyy.

Thallus white or cream, soralia becoming confluent ..........cecvrecrenninninssenen: 7

Thallys thick, imose-cracked-areolate. Soralia tconvex, arising from wide, low

warts; at first discrete becoming confluent. Soredia coarsely-granular, creamish-grey.

Thallus thin, continuous or sparingly cracked. Soralia very irreguiar, shallow, ulcerous

to effuse. Soredia fine-powdery to coarsely-granular, often greenish. Often over

BIVODIVIES ...vvvosoeeeessoeesssesserseessesssssessssssseesessnessesssssssssssssssssssssss Phlyctis argena
SOLANA KT+ VIDIBE <.evvvvererresseresssssssssssssseessssseseesssssssssssssessnssssssssssssssssssssssssasasssssss 9
SOTANA K- ...vievvvoeseesssssesssssesssssseseesssmsssassssssssssssessssssseessesssssssisssssssassessessssenssstsnsene 11
Soralia NOt formed on thalling WAS ..........cercummseesemsssssesssssrsssses Pertusaria amara
Soralia formed by the breaking down Of thalling WAMS. c....uewesseseermereesessesssssssens 10

Thallus forming compact cushions of sorediate, warted papillae

-------------------------------------------------------------------------------------

Papillae more scattered, only occasionally breaking down to form granular soredia
.................................................................................. reressssnenns PlONTUSANEY Melanochiora

Thallus distinctly lobed or squamulose. Pd+ orange (stictic acid) .................. ennene 12
Thallus without lobes, sometims of diSpersed arG0IBS  .vuwmswumummesmssssirins 13
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12(11)

13(11)

14(13)

15(14)

16(15)

7(16)

18(16)

19(18)

icti ictic acids)
Thallug composed of congested squamules. Pd+ orange (stictic, tnorstictic a

................. Baeomyces rufuts

...................................................................... -
Thallus of tdispersed, narrow lobes. Pd+ red (argopsin) ..... Solenopsora

.................. 14

Thallus or soredia, Pd+ red, orange or distict yellow .........cccceennee. .
Thallus and soredia Pd- or fAINHY YEHOW  oeevrrecerenrresesssenssessesssesensnsensns

i ing when older .... 15
Thallus with discrete soralia, at least in part; sometimes coalescing

i 27
argin_ e
Thallus with effuse soredia, corticate area confined to the thallus marg
ressessasrrssasaninsen 16
Thallus orange, brown or GIEBN .vvecneceerersssessrsessrsssessasarsssssnsases -
| dization if on
Thallus white or grey; sometimes becoming yellow or orange due to oxy

‘ revevsesseasasrssssessnns 20
T O A

inic acid derivatives; stictic acid
Thallus green, soredia bright yellow-green (pulvinic acid derivatives; sti

.................. 17
BDSENL) ...eeeeeemeerr et esesmmeessseessesssssssssessesesssesseeressesstassssesssnses o
ictic acid; inic acid

Thallus orange or brown. soredia blue-black or brown (stictic acid; pulvinic .
derivatives absent) .......................... ‘

}' ' R Lecanora subaurea
Soralia arising from the margins of the areoles .............. sube
Soralia arising fron the centre of the arecles  ..... e -..... Locanora epanora

| ' roduces
Thallus of discrete brown arecles on a powdery black hypothallus that pre ‘
j AMISH cuvsveeneee S Protoparmelia nephasa

thallospores. Soredia brown, abrading creamish ... ‘ ’ g
Thallus yellow-orange, oxydated; continuous. Soredia b(ue-black ..............

vex
Thallus ochre to yeﬂow-orange areoles oﬁen dxspersed unevan o stongly con

..... Mmﬂmwofdva
On metal-rich rocks, often with Acarospora sinopica ' ,

' iliceous
Thallus yellow-orange, cracked-areolate; areoles #flat, usually on damp silic
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FOCKS oot ssessas e saens s ssssssasessesssenesessssssnensasenssasssssasss Porpicia ochyolemma
20(15) Thallus P+ red (fumarprotocetranc acid) .........ossessesseisveiasenns Perlusaria asperglia
Thallus Pd+ orange or yellow (fumarprotocetraric acid absent) .......erececsnenes 21

2120) pds yellow (psoromic acid). Soralia ttuberculate; soredia blue-black

2(21) Thallus of flat to convex areoles, often cracked with green soralia arising from the
cracks. Soredia becoming biue-grey or brownish when old. Atranorin present ....... 23

Soredia not arising from cracks in the areoles; white; grey or blue-grey, never green.

AUTGNONN ADSENL «..vveverevseseerseseemsssesssssssssssssssssssssssssssssrssssa s SSTESREES s sEERS5018 24
23(22) Areoles usually forming a £CONKNUOUS CIUSE  wuvvvrersessessssssssrsee Stereocatdon fomense
AL R TR [V 0010 [ —————— Stereocaulon phcatio

In , .
the absence of apothacia it is not possible to separate these two species with any degree of certainty.

24(29) Thallus thin, or sub-continuous to scurfy and indiStint ... Porpicka soredizodes
Thallus well developed ....... ST e 25

26(25) Thallus creamy-white. Soredia +concolourous. Cephalodia often present. On
Shaded, damp FOCKS ...ciesmmssmsesmsssssnsssssssssssssssssessessssses Coccolrema citrinescens

Thallus grey. Soredia cdhcblorbus and granular-isidiate (?A. simoensiS) or yellqw{ '

green and farinose (A. gn‘sea); Cephalodia absent. Usually on exposed rocks
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29(13)

30(2g)

31(30)
32(31)

33(37)

L1V | o S Cati¥ania pulveroa
Thallus with discrete soralia, at least in part; sometimes coalescing when older .... 30
Thallus with effuse soredia, corticate area confined to the thallus MArgin .v.ceeernneene 37

Thallus usUally of tdispersed areoles, each areole having a dark centre (similar to the

Phyllocladia of Stereocaulon vesuvianum). Bluish-green soredia arising from the edge

of each arecle and remaining £diSCrete .........eceeereers Stereocaudon leucophaeopsis
ATEOIRS WithOUt JArKENE CEMMTE. ..vveversseeersseeeeesemsesssssssssssssmsssssssesssssssessiseee 31
SOredia WhitiSh-bIUE 10 BILE-DIACK <.ervrrevereeereeeeeresensssessssmsssessssssssssssessossneeessees 32

Soredia WhitiSh-Green 10 YElIOW .......couwmmsrssmsrssssssssssesssmssmssssmssssssssssnsns 4

Soredia whitish-blue, hemispherical, remaining discrete .. Tephvomela pertusarioides
Soredia grey-blue to blue-black, NOt hemiISPHENCal .........umeeeoeereerseseeesrressmenes .. 33

Soralia usually remaining discrete; soredia 20-35um diam.

-------------
----------------------------------------------------------------------
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34(31)

35(34)

36(34)

37(29)

38 Thallus white to yellow-white, indeterminate; +completely dissolved into blue-grey

3937

40(3g)

Soredia bright yellow to yellow-green (USNIC ACid) .......uerrreeersemersemesmsesseasrsesssssssenss 35

Soredia Creamy white to whitish-green (usnic acid absent) ........covseicnesnniecnenens 36

Soredia yellow to yellow-green, developing from the edges of the areoles, later
DECOMING COMMUBNL  ..vveeereenreereessrressnnessnmesssesssssssssssasasses Lecanora orosthea

Soredia bright yellow, not developing from the edges of the areoles, not becoming

CONfIUENE; SIONGIY CONVEX «.vvvemrersesreesscesessseesserersmssssssnesssssassensens Mycoblastus alpinus
Red pigment present in medulla. Thallus thick, smooth. Soralia creamy-yellow

Red pigment not present in medulla. Thallus continuous, granular, composed of

dispersed to aggregated warted areoles. Prothallus when present, white or bluish

..................................................................................................... Lecanora caesiosora
Thallus white to grey; soredia blue-grey, darker than thallus ..........ceeevemrivensirencnnnees 38
Thallus aNd SOrEdia CONCOIONOUS ...oooueseeeerereesssesssmesessrssmessessesssssssssssassssssssssssssssss 39

Speckled, farinose soredia (20-25um diam). Contains atranorin, chloratranorin and
8angaleoidin. On shaded rocks, predomtnant!y coastal ................ Lecania baeamma
Thallus Pale-grey, corticate, sometimes with b!ue black prothallus. Soredia blue-grey,

granular, 50-80um diam. Contains atranorin and unidentified substance. On exposed

Thallus pale grey, farinose with conspicuous white prothallus. On dry, vertical,
tshaded rock faces .......essesessmeeen ressenesesesss HaOMatomma ochroleucum {. porphyrium

Thallqs thin, pale yellow (usnic acid); delimited by a white prothaﬂus
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-----
-----------------------------------------------------------

Thallus greenish-white to glaucous (usnic acid absent); corticate region usually visible

at the margin but hYPOthalIUS ADSENE .eeunnnn..ovvevveeeseomsseseeesseeesssesssssennes Catillaria pulverea
KEY 4
%“w“mmmmmamma spot-test
%m
1

AN

3

4Q3)

54

8(4)

Photobiont Trentepohlia. Thallus dark chocolate brow tinged lilac, soredia dark brown
tofilac, Often forming mosaics with Opegrapha gyrocarpa. Confluentic acid present

Thallus with blastidia. Thallus thin, effuse, scurfy, tcracked areolate .. Lecania erysie

TREIUS With U8 SOMBHIA <r.evvsereevserssesseresrsesssssssssmssssssssssssssssssssssssssssses 3
TEITICOIOUS, OF OVEF DIYOPYIES wvveevreeereserssssssssmssssssssessssssemsssssssssssesssssssssssres 4
SAXICOIOUS, GITECHY ON FOCKS. +evvreverrsseessessmsssssssssssessesssssssssssssssssssssisssssassesssseses 7
Arecles Granular, CONVEX OF £SPNEHCA! ......rewvmsessmsesssssssemsssesssssssessssssssseessssessces 5
Areoles flat or thallus vamish-like TS —— irervneresbesssiasnans 6

Thallus duil grey-greeh, granuleé (goniocysts) 0+1-0+4 mm diam. Photobiont
MICArBOId  oouernrecoevireveresann RC R U A S ceeersrasseneenneenns, MiCANEA prasing
Areoles bright yellow-green. Photobiont not MICareoid ... Arthrorhaphis citrinelia

Thallus of small grey squamules with ascending, grey-green sorediate apices

Thallus thin, membrane-like; covered with tdiscrete, yellow-green soralia
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70

87

9(@8)

10(9)

1(g)

Thallus YellOW, DAl GrEY OF GIEEN .covvreeesseseeeesserseessesessseesssnssrssmesssssesessasessssrees 8
Thallus orange, brown or dark grey to black ........cecmennecnenniieneinsnirne s 20
SOralia YElIOW (USNIC BCIE) wervrereererrssessressssesneressseresessssssessssesessssssessssssssssesssssssaeses 9
Soralia green, white, grey of blLish (USNIC ACId ADSENM) ...ecevereemeeersrmsrerrsssssreesssnrees 11
Soralia arising from the €dge of ACH ArB0IR .........cerwemreresmsesssessiens Lecanora handeli
Soralia arising from the centre of @ach areole .........c.ccrennmnerieneessssnmssssssssssinissesenns 10
Thallus thick, areoles rounded and warted with entire margins ......... Lecanora epanora

Thallus thinner, areoles flattened; subsquamulose, margins often crenulate

.......
------------------------------------------------------------------------------------------------

....................................................................................................... Porpicia tuberculosa

MBAUIR 1+ ..oovvies oo eesesssseseseessssesssessasssesesesessessssaseonsssnsssssssssssassssssssssaasassnssesssosis 13

13(12) Medulla UV+ white (divaricatic of peratolic 8CIdS) w....esmmssermsmmsssssessessesssnensesns .. 14
Medulla UV- (divaricatic and peratolic acids abSBM) ...........esesmssmmmsmsssersseesesssesenss 16

14013) Soredia blue-grey. Photobiont Trebouxioid. Peratolic acid by TLC
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15 .
(14) Thallus of thin, pale-grey, tdispersed areoles on a black hypothallus. Soredia
CONCOIOIOUS 1.vvuvveunseensecemnressssessesssssssseeesessesseesesssassmessseeseees Fuscidea gothoburgensis

Thallus continuous, pale grey to brownish-grey. Soredia soon becoming confluent;

Cream, often becomiINg BIOWNISR ........cveeeseecemeresemecsseeserssessessssssses Fuscidea recensa

.
(13) Thallus of grey, subsquamulose or convex areoles. Soredia concolorous, arising from
the edge of each areole but often becoming confluent ........cccueeenneees Lecanora handeli

Thallus otherwise, soredia not arising from the edge of each areole .........c.cvercvenne 17

17
(18) Thalius waxy, often with zoned margin. Soralia large, 1-4 mm diam., often becoming
CONAILBNE, OF SOrEAIA BIUSE ....vvevceeersmemsssnreeeesessisessasmasssmsassssssssssessssssssssesssssassassessasas 18
Thallus thick without zoned margin or delimiting prothallus. Soralia <1mm diam.,’

Témaining discrete

---------------------------------------------------------------------------------------------------------

------
21}
-----------------------------------------------------------------------

------
-
------------------------------------------------------------------------------

(17) Thallus glaucous cont:nuous to cracked areolate Soredsa usuany lrregular in shape,
SOmetimes ansmg along cracks in the thallus. On ﬂushed or damp, slhceous or .
S"Qhﬂy bas:c rocks. Conﬂuentnc acnd absent Pamiammtm
Thallug pale-grey, composed of convex areoles. Soredsa xrregu!ar!y rounded, blue-

- grey. On exposed siliceous rocks. Confluentic acid present



21(20) Thaliys orange with discrete, blug-grey soralia .............eeverseeennens Porpicka medinodes

Thallus brown With CONCOIOTOUS SOMEAIA ..v..vvvvvvvveeeseeseseesseesesessesssssssssssssssssssssssssssesees 2

2(21) Soredia tfarinose, arising from cracks in the thallus. On basic rocks

.................................................................................... Thelidium papulare {. soredkatum
Soredia initially punctiform, soon becoming confluent. Not arising from cracks in the
thallus, On SIICEOUS 1OCKS vvverrresersesssesssscsmereeseneeeeee Ropalospora lugubris {. soredkata

KEY 5

Sterdo saxicolous and tenrcolous crusiose ichens without soraka, butisida or pycrida ofien
Present, and with C- but either K:+ or Pdh spot-test reactions

1
THEIUS YOlIOW 10 YRIIOW-GIBEN «..vvvrreseeeeersssssesmmeeessssssssssssessssssssesssssssssssesssssssssasssees 2
Thallus grey, Green, BIOWN OF DIACK ......vweeereeroeeessusssssssssssssssssssssssssssssssssssssssssens 4

A Tha"US K+ purple (anthraquinone piygments). Thallus warty-scaly, marginal lobes
poorly differentiated. On calcar@ous SOIS ....wrwwserrrrssssressssssessersses Fulgensia bracteata
Thallus K- (anthraquinone pigments absent) e AR AR AR R 3

32 Thallus with well-developed marginal lobes, 1-3mm wide; bright yellow-greén. Over
bryophytes at high BIHUAS .........ousemmmssrsrsessesessssesssseesss Catolechia wahlenbergi
Thallus crustose, areolate to subsquamulose; yellow-green. On thallus of Basomyces

TURUS ON GCIAIC SOIS ..vvvrevierrerecsenesessessnsmsssssssssasnssesssssmsssssnasssssees Epiichen scabrosus
A Thallus K+ red (norstictic acid); acicular crystals formed [microscopé) ..... eererasaerasans 5

Thallus K+ yellow or K- (norstictic acid absent) .............uu.... 9
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S(4) Thallus papillate or isidiate; leaving non-sorediate pits when shed .......ceccccuneniesnnennns 6
Thallus not isidiate, grey. ASpICilia CiNerea agar. ....sssmssemsssssssssissmmssassrissssasssssssens 7
6(5) Thailus of tcontiguous, effigurate squamules with papillae with pale brown apices.
Papillae not constricted at base. On damp rocks and soil ..... Basomyces cf. cameus
Thallus rimose-cracked or areolate with isidia 0+5-1+0 mm diam, constricted at the
base, rounded or top shaped. On dry well-lit siliceous rocks. Often maritime
............................................................................................. Pertusaria pseudocoraliina
R Aspiciia infermutans
Conidia >10 HM ONG coecevevrerverinisseenssississassersrsssssesssssssesssssassssssssssssassasssssnsssasssssanasarsans 8
87) Conidia 11-16 HMIONG v rsnsesesnsssssssssasscssrsasnsasasassnes Aspicilia cinerea
Conidia 15-28 HM ONG cvrrveererveerircesinsessansassssasssssssescassussssssssssssssanss Aspicilia epiglypta
9 .
4 Photobiont Trentepohlia; usually on vertical rock faces: Pd+ yellow, UV-
et e r e e sh e s e sde b e TSR RR SRR SRR A CR SRS SRS RO SRR AR R SRR SRR S Lecanaciis difleniana
PROLODIONE CHIOTOCOCEOIE +rvoreeveesseesssresssseeseesenesessssssesssssesssomsessosssens 10
1 : , ;
0) Thallug consisting entirely of grey granuUles ... ik
Thallus otherwise ... et essees st sste i sne b 14
1(10) Thallus Pd- or faint YelloOW (ZBrAN0MIN) ccvrvcrrrerensrieesssiessssimmsssmisinssassosesnssesaniass 12
Thallus Pd+ yellow or red. Psoromic or fumarprotocetraric acids ... 13
, 5 | ; \.
211) Porphyrilic acid BY TLC .errcrmscsesrssssssimsssssssssssmsassssasssassasaes Lepraria cacuminum
Porphyrilic T T evsseoesssssnns Lepraria boreals

Th
S granular form of Lepraria cacuminum, which appears to be much rarer than the leprose form can onty be

Separateq from Leprana boreahs by TLC
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13(1) Thallus Py red (fumarprotocetranic acid) ..............oremeseserereens Lepraria caesioaba

Thallus K-, Pd+ yellow (DSOrOMIC ACI) .vvevverrersresorsnsrnee Lepraria cf. caesioalbba
14010) Thallus with prostrate or erect PSEUJOPORLIA .......cwwwrerrreescremmsessmessirssssirsessmsnssrssenns 15
THallUS WHthOUL PSEUAOPOGEHA <.vrc.veeeererserssessessnsssmssssssssssssssssssssssssssssssnes 16

15014) Temicolous, Thallus K+ yellow (atranorin). Pseudopodetia erect and swollen; scattered
Or crowded, cylindrical or conical, simple or branched .......c.c..... Pycnothelia papiliana
Saxicolous. Thallus K+ orange (stictic acid). Pseudopodetia prostrate, dorsiventral;

Upper surface with phyllocladia with darker centres

............................................................ Stereocaulon vesuvianum v. symphycheioides

1 oL et .
8(14) Thallus with ISI0IA OF PADIAB <.e.rreevvreeerrereesesmsasessesssssssesmssssssssassssessssssssassssssssssssmsssasse 17
ThalliS WIthOL iSidia BNd PADIIAG +.rocevesserererscmessssssssssssssssssesssassssssssssesssssrsess 20

17(1g) Terricolous or over bryophytes on rocks. Densely isidiate, almost totally obscuring the

thallus. Thallus Pd+ red (umarprotoCetranc 8GId) .....musssrwssssressssssesesssssissesereses 18

Saxicolous. Isidia more scattered or absent from margin, thallus clearly visible.

Thallus Pd+ yellow or orange (thamnolic oF ProtOCEtraric aCIdS) wumermermmemssrnses 17

VIOIBL ......ovorenssssssssenssessesssssssssssssssesssssssasssssssssassessassssssssssssssasn Pertusaria melanochiora
- Thallus Pd+ yeuow¥orange (thamnolic acid); isidia finer. KC- ....... Pertusania coralina
20016) Thallus PACOGIO oo 21



Thallus crustose or SQUAMUIOSE cvecvvrruerereressenresaseseasessrarseassassessssssssssissassasssssansesses 22
21R0)Tericolous, On acid sails. Thallus green-grey, marginal lobes to 5mm wide

Saxicolous. On nutrient-enriched or slightly calcareous rock. Thallus greenish-yellow

o yellow-brown, marginal lobes <1mm wide

......................................... Lecanora muralis

2
0) Thallys SQUAMUIOSO OF GIANUIAE ..eveereeeeeeneeeesncomsssssmessssssessasssarsossasssssasessasssssassssssases 23
Thallus CruStose, Areolats OF SMOOH ......oeeewevsesssesssseeresssssssesessessmmesesesessssmsnsesses 24

B2) Thallus grey, often greenish when wet; cephalodia present between the squamules.

K+ YElloW, Pd- (@IFBNOMNY .eveeveeeessseeeesserss s Pilophorus strumaticus
Thallus green-grey to brownish. Crustose/squamulose. On soil or damp rocks. K+
Yellow, Pd+ 0range (StCtiC 8CI0) .weovmmummerresesesssessssmsssssmssssssssssssess Baeomyces rulus

24(22) Thallus Pd+ red (fumarprotocetraric acid). Brownish pycnidia usually present
Thallus Pd+ orange (fumarprotocetraric acid absent) .......ececeevarenne sereseuresaesassassen 25

4y Thallus grey-white, continuous, usually with pmk»sh rounded schizidia. K+ orange,

Pd+ orange (bacomycesic acid, tsquamatlc acid, atranorin). Terricolous

....................................................................................................... ‘ mraaisbaeomyoas
Thallus brown, areolate; on a black, powdery prothallus K+ yeliow Pd+ orange (stictic
* acid). Saxicolous s PTOMRAIMEER NOphao

St
erile Specimens of some, usually fertile, Rhizocarpon spp. will key out here. P. nephaea can be separated

o . . L o
M Such Specimens by the presence of thallospores on the prothallus. -
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KEY 6

Msaﬁmwmmmmmmmmuwaﬁamm

3 5pottest reactions negative
1 Thallus yefiow or yellow-green (pulvinic acid derivatives) ......ccevcieneismenssensnnnn, 2
Thalius grey, Green, BIOWN OF DIACK  ...oo.erveereserrsomssmessnssssssssssmsssssssssssssssesessses 4
2(1) Thallus of convex, bullate squamules up to 1mm diam. On tbasic substrata (usually
L T O Arthvorhaphis alpina
Thallus of smaller granules. ON SIICEOUS 10CKS  ..vvurrrursesssssssssmesseesssessesesssncese 3
3Q) Thallus bright golden-yellow; of coarse rounded granules ........... Candelanella coraliza
Thalius dull yellow-orange; of flattened subsquamulose granules
............................................. Candelaniela vitelim
1) PROODION CYENObALIEIA. oo 5
.............. 1
PROIODIONE CHIOTOPYCEAR ..vveoeeerassssesssesssssssssssresssssessssssssssesisssone 2
S4)  Thallus ith MArGNal 066 ..o 6
Thallus WIthOUE MAIGInal I0DES v.vversersesrssrssssssersssssesrsesens SOOI 10
8s) Marginal lobes very narrow (0905-0°2MM) oovvveereeseseesmesesesmesssessesssssessesssemsseessessesens 7‘
Marginal lobes Wider (0+3-150MM) ...ceverrsesssesssssrassssssemssssssssssesssmssssssssssmsssssssssnes 8
) Thallug forming distinctive radiating rings and arcs; inner part tbare or with scattered

BIBOMBS .....veveuecrersssnssasmrasssrsessssessessssssssesessssssssrssssonsassissas Placynthim atwmm |
| Thallus black, shiny; mérginal lobes short andvfan-shaped; inner part densely granular - -
1 1 S ecuseseasasasasrossas RS RO R AR RS Pbcyrﬂun a.walm’ '
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%6) on semi-inundated acid rocks. Thallus grey to brown, matt; marginal lobes relatively
wide (Phaeophyscia-like), inner part with lobules or folioles . Placynthium fabelosum
ON EDASIC FOCKS ...eveereeresenesseeeessenee s esessessssssosesnsssssssessssssssssssessmsesssse s 9
%) Prothallus absent. Thallus pale-brown to olive-brown; upper surface striate, nodulose
towards the centre, lower surface white. Lobes elongate, 0+2-0<4mm wide, widening
10 0-8mm at the apices. On tvertical, flushed rocks, but avoiding seepage tracks

Distinct biue-black prothallus present. Thallus dull olive-brown to black; upper surface
not striate, with numerous coralloid to flattened isidia, lower surface dark. Lobes
fadiating Q+7-1+0mm wide. On semi-inundated rocks or in seepage tracks

10(s) Thallus surface covered by flat, granular sQUAMUIES .......ccouevereeererinsnecsnsersvensasasanenens "

L O 12

........................................................................................................ Placynthium nigrum
Prothallus absent. Thallus densely grey pruinose ......c.eseeeesss Placynthium garovagli

12(10) PROLODIONE CIOLTX oevvvovooe oo sosssesssssessissssesssesssssssssosssassnasens Porocyphus spp.
PROLODIONE Ot CAIGIIX v.reveresrreessesecssssssmsssssssssssssssssssossssssssssssssssssssssmssssnsses 13

1312) Photobiont Chroococcidiopsis or Gloeocapsa, cells with a reddish-brown K+ purple

GElAtINOUS SN ....oveievueessesrreeesessssseemssesmssssmnssssssssssesenes Crypiothela/Pyrenopsis spp.
Photobiont chroococeoid, cells without reddish-brown K+ purple gelatinous sheath e
o i ot Psorotichia/Pterygiopsis spp.

hthe absence of apothecia the species of Porocyphus, Cryptothels, Pyrenopsis, Psorotichia and Plerygiopsis

%6 very difficult to detarmine beyond generic level. However, Pyrenopsis subareolata appears to be the most
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frequent species.

14(4) Photobiont Trentepohlia. Pycnidia preSent ........cocvvvmesinnisssisssnnsssnsosssnssnessenacs 15

Photobiont ChIOrOCOCEOIA ......ceoeerereercieeirirceeceresesinseesssessesssesesessesssnessnssesassansesesnns 16

15(14) Pycnidia with white pruinose tips which react C+ red. Conidia 12- [7x2-3um. Usually
over bryophytes in underhangs ............. . Lecanacitis abietina

Pycnidia without white pruinose tips. Conidia 4¢2-7°0x0¢5-1+4um. On damp, shaded
calcareous rocks and stones ............. . Opegrapha calcarea

(O. saxatilis auct brit.)

16(14) Thallus consisting entirely of minute squamules (0+1-1+0x0+1-0-3mm), coralloid isidia

or goniocysts; yellow-green, green-grey or green-brown. Usually associated with

bryophytes in calcareous habitats ...........cccceeereerccemvesescresessenonnsesssncssssesssssssessensrssaes 17

Thallus granular, crustose or squamulose; if squamulose then squamules larger ... 19
17(16) Thallus consisting of numerous, small, tdiscrete, grey-green squamules

Thallus composed entirely of minute, yellow-green goniocysts or green- brown,

coralloid iSIdia .......cvuereimecrsernssennsnnsnseinessensassnsnssranensnrnensanensasense S — 18

18(17) Thallus composed entirely of green-brown coralloid isidia. Rare montane sbecies

......................................................................... Lopadium coralloideum

Thallus composed of yellow-green to dark-green goniocysts. Widespread species of
disturbed soils; usually associated with metal contamination ............ Vezdaea lepmsa
19(16) Thallus squamulose. Terricolous . , .20
Thallus granular, crustose or placodioid ........... 21
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20(19) Thallus of pale brown squamules (bright green when wet), attached by long rhizines.
IN Crevices in CalCAreOUS FOCKS ......rveeuurereeeeeseesseesessssssseessesenes Acarospora rhizobola
Thallus chestnut-brown to dark-brown, coarsely areolate to subsquamulose; often
forming large torbicular patches (to 7cm diam.). In acidic montane heaths

(occasionally over bryophytes on siliceous boulders  ............... Lecidormna demissum
2119) Thalls placodioid, greenish-yellow to yellow-brown. On nutrient-enriched siliceous or
Slightly CalCareous DOUIJEIS ..............oesrseeeresssesrsssessssseseeseesessesesnesseeee Lecanora muralis

THallUS MO PIACOGIOIT ..vvevevveeeereeersnereeeesssreeeseesssmeesssssmsesssssssesmsssssssssassssssssssssssssessssssess 22

2(21) Thallus consisting entirely of grey granules, <0+2mm diam. In exposed acidic

SHUBLONS  ....vuoresecseseeeessessassssessssssesssessesessssssssssssssesssesasssssssssssssorsesssssnssesmsessesesesassessstss 23
TRAIUS OHEIWISE +..evevereveerersesreressseessemsessssssesesesseesssssessnsesenssesssmmessesessssssessessanssesssesssees 24
23(22) Porphyrilic a6id by TLC oo LEPRIE2 CACUMINUM
POMDhYIC BCIH BDSBNE ...vvvveeeereeeeemsnresessesereeeesmsemsmamssssessssssssessssssssssssess Lepraria boreaks

The granular form of Lepraria cacuminum, which appears to be much rarer than the leprose form, can only be

SeParated from Lepraria borealis by TLC.

24(22) Thallus with isidia or hyphophores. In calcareous habitats ...........ussuessssmussesssssssssenes 25
Thallus without isidia or hyphophores ... T — 26

25(24) Thaliys very thin, vamish-like, over bryophytes. Brown, top-shaped hyphophores

26(24) Thallus chestnut-brown to dark-brown, coarsly areolate to subsquémrulose; often

forming large torbicular patches (to 7cm diam.). In acidic montane heaths
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(occasionally over bryophytes on siliceous boulders). Pycnidia unknown

...................................................................................................... Lecidoma demissum
Thallus usually less well-developed, if well-developed then on rocks. Pycnidia present
.............................................................................................................................. 27
27(28) PYCNIGIE WIS <. eresrrsersssess st 28
PYCNIdia PINK-DIOWN 0 BACK vovvemesrerereesesesesseessssmssssssssesssssssssssssesesssssssssssssssssssssnns 29
28(27) Conidia 45-Tx1-1+5um, straight. Thallus UV INK —eeerereere Bacidia cameoglauca
Conidia 26-47x1 1-1+5um, curved. Thallus UV-  ......ccoeverenenns Bacidia amoldiana group
Inthe absence of apothecia the membars of the B. amoldiana group are impossible to tell apart. However, B.
Smoldianum appears fo be the most frequent species.
29(27) Conidia helicoid, T-10X5BUM. wovrereseses s Micarea subrigrata
CONIdIA MOt NBCOIA vuvesercrsesarisrssesissssmsssessmssrssssssssassssssssmssssnssssrssssssessesssssssrsssssssssssns 30
30(29) Conidia S20UM IONG, CUIVEA ...ovvvesemeussnnrereessssmsmsnsnesssssssssssssssssssessnsassssssssassssssasssseseens 31
Conidia <20pm 10nG, SIAIGhE wevunerrerrserrerrrssssnees st saiens 33
31(3p) Pycnidia C- in section. Conidia curved, 24-32um I0Ng ...ccummuereererees Micarea marginata
Pycnidia C+ red in section . iftiiiisllC6L 32
32(31) Conidia curved or SIGMOid, 20-40UM IONG  .cvevneermsssessnenrressssseesssssss Micarea peliocarpa

Conidia flexuose, 50-110um long Micarea cinerea

33(30) Pycnidia C+ red. Conidia 5-6x0+7um; thallus of +convex fawn to ochraceous granules
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3(33) Pycnidia stalked. Conidia 7-1 5um long. Usually over bryophytes . Micarea botryoides
Pycnidia not stalked. Conidia 3-5um long. Directly on rockS coeeeeverserecccosessesseneen. 35

35(34) Conidia 9-15x0-8um. Pycnidia with a traised thalline margin. Thallus grey, medulla I+
Dlue. On heavy-Metal FiCh FOCKS ...vceveeeesreeerreresessesassesseeesesseesssesesssseeseesns Lecidea inops
Conidia 7-12x1-1+3um. Pycnidia without a raised thalline margin. Thallus thin, dark
green-black, medulla I-. On inundated rocks in montane streams ..Gyalidea diaphana
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2:3+2 Keys to Genera

2321 Lecidea Ach.
A key to the genus Lecidea is included here for three reasons:-

a) Ithas long been recognised that the genus Lecidea is heterogeneous as it was formally
Used for all crustose lichens with lecidine apothecia (je. lacking a thalline exciple) and
simple ascospores. Purvis et al. (1992) recognised this fact, stating that only 17 of the 52
Species they included in the genus belonged to Lecidea s. str. and that, in fact, several of
them had already been removed, e.g. L. atrofulva to Miriquidica, L. carrolliii to Japewia, L.
erratica to Micarea, etc. This process has continued with other taxa being removed (e.g.
L. caesioatra to Frutidella, L. inquinans and L. polycarpella to Micarea).

b) Lecidea s, str, has recently been the subject of a comprehensive study by Professor Dr
H. Hertel (Munich) who has produced a key to the European species (Hertel 1995). This
has permitted the identification of a number of collections from the British Isles which it
Wwas previously impossible to name. A number ef other colleetions, however, still remain
Un-named (cf section 2¢1+2). There is also little doubt that further taxa have yet to be
discovered in the British Isles (e. g. L. tessellata).

©) Due to errors and unclear species concepts, in the key to saxicolous members of the
genus, Purvis et al. farl to correctly identify a number of specres In particular, many with

narrow ascospores do not 'key-out correctly

The Key lncluded here is based upon that of Dr Hertel but in addmon mcludes those |
aX'COlous specres of Lecrdea s. lat. |ncluded in the genus by Purvrs etal as weﬂ as three
entities recorded from the Scottish Hrghlands whrch appear to be undescnbed (see sectnon
21s *2). Notes on the montane specres recorded as new to the Bntrsh Isles are grven in
Section 2.1 .1 | i ’
I the key the term 'Atrobrunnea—type thallus is used on several eccasrons Thrs is the -

thallys type present for example, in the well-known L. fuscoatra whrch has a cortex consrstrng : ', :

ofa hyallne eprnecral layer (4-50um thrck) overlaylng a prgmented Iayer (54 Oum thrck) grvrng i G

the tha"us a shiny appearance
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Key to the Species

21)

3Q)

4Q)

5(4)

62

ExCiple C+ red in SECHON (MICTOSCOPE) ...evvvresmererernrsesssssmssssssssmssissssssssssssssnssesssssanes 2

EXCIDIE Cn oo ee e essesseesssessessssees s see s ssessass s ssestsaessamane s esssasenssssnens 8

Medulla and exciple I-. Gyrobhoric acid in apothecia and thallus (anziaic and 2'-O-
MethylanZiaic AcIAS ADSEN)  ......oceeereeeereceesrcessessesesssassesesssssesessasasesssssssssssssnssssassseses 3

Medulla and/or exciple I+ violet. Anziaic and/or 2-0-methylanziaic acids present

(QYTOPHONC ACIH ADSENL)  wevveeeeoreereseeessesessessesseseesseesssensssessesssessmsssssssssesassnsesessasssssans 6
ON CAlCATEOUS SIONE  .uvveevveereeesesesssessesessessseesserssssssssessssessessssassssssssanesns L subspeirea
ON SIICEOUS SIONE  wovvoveeeeeseeeseeeseseosessessssssssessssensssesesesessesssssesssossasesasssssssanssssssararass 4

Thallus absent or poorly developed, 0+1-0+2mm thick. Apothecia 0+25-0+7(-1-0)mm
AIaM. EXCIDIE GIEY  oeoreemsreersssemssesesssessessensessssssessasnsssermrsssesssasssssassass L. confluentula

Thallus thick and areolate, >0+2mm thick. Apothecia larger, 0+6-16(-2-5)mm diam.

------------------------------------------------------------------------------------------------------------------------------------

Ascospores 7+0-120 x 3+5- 5-0um Apothema 0-6-0-8( 1e5)mm diam. Thallus
MOstly thin  .cccsuueeeeecreee s R L siderclithica
Ascospores 11+0-14+1 x 44- 6e1pum. Apothecna 0+6-13(- 2~5)mm diam. Thallus
thlcker ...... S RS qusmatta

- Ascospores ellipsoid, lengttvbreadth ratio 2¢0-3+6  wuwvvvwsmssssssssemssssnssmsssssisessrss T

1(6)

10~8x3~1 3-8 m ' ‘ L ‘
A T i B S i o N L L T T T T T T T P PRy Aavsenney 3 .

Thallus 02-1 -Omm thlck medulla WIth peﬁatol:c acxd (UV+ whnte) Ascospores 7-7- = e



Thallus mostly absent, medulla without perlatolic acid (UV-). Ascospores 7+2-10+3 x

293BoIIM ooeoerereeeeeeeeeeeeessvesssssss s sseseemssssses s esssesmesssase s esss e esssenaas L. diducens
BUI)  MEGUIA 14 VIOIEL .ot 9
MEAUNA I ...oooooeeereeeeeee s seessesssssssssssessssasssssemsassssesessaessosssmasssssssaassssssssanesse 43
%8 Ascospores 2¢4-4+0um wide. Hymenium 30-50UM high ....eevcoveeeerveesasesssessesssnnens 10
ASCOSPOrES 400 M WIE evvvveeeereeesesecssssessssessssssssssssesssssssessssssssssassasssassssssanses 15

10(9) Thalius of Atrobrunnea-type. Thallus K+ red (norstictic acid), acicular crystals
formed (MICTOSCOPE) wvvvrerserreemreesessssesissssssmsssaesssssscssnses S L syncarpa
Thallus NOt ATODIUNNEA-LYPE  ....cevveeeeeeeememsmsmassssssssssessssssssssssessssssesssssessessssssasssssnnns 11

1(10) Thallus with perlatolic acid (UV+ white). On copper-rich rocks ... L inops

Thallus not containing perlatolic acid (UV+ white or UV-). Not on copper-rich rocks

---------------------------------
------------------------------------------------------------------------------------------------

(12) Exciple massively developed; hyphae in central region 2:0-3-0um wide formsng a
network. Thallus absent or poorly developed with conﬂuenuc acid (UV-).
' ASCOSPOres 6+6-1140 X 204-345M  e.rovonesrsrernenns L atiCUlata subsp. amcdata
Exciple smaller; hyphae in central region 30-4-5um wide, not forhing a netWork
Thallus well-developed or not. Confluentic or 2-0- methylpeﬂatohc acids present. .

Ascospores 7+5-11+8 X 2-84-7um ........ 14 B

14(13) Thallus absent or poorly developed; with confluentic acid (UV: dul grey).
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ASCOSPOres 842-1108 X 208-4+4UM  ......ouuveereecernsreasrsssssesssssasesssssanes L promiscens
Thallus thick, white: with 2'-O-methylperiatolic acid (UV+ white). Ascospores 7+5-

T107 X 30247 LM ettt eesstss s esssssssossassssssasssasessasassens L promiscua
15(9) ASCOSPOTES 4°1-500HM WIR  +.vevvvvvereeeerrecsesceseesessssssmsssssessesessassssssssssassssessssssneees 16
ASCOSPOTES >E0UM WIAR ...eooeeirrmrnereranresssssssssessanesssessessesssssssssesessassessssessssnsssees 32
16(15) Thalus of ALODIUNNBALYPE  ovveerrrrenssiereresnsssssssessssssmsseesssssessssessscsssssmsssssassssssssases 17
Thallus NOt Of AITODIUNNEA-TYDE  cvvourevmeneeeeescseanssessnresssssssssssssssessscessasasssssssesasssssses 19

17(16) Thallys K+ red, Pd+ yellow (norstictic acid), acicular crystals formed (microscope).

Ascospores‘6-6-1 16 x 3+5-6+0um; length/breadth ratio 128-2+7 ........... L. syncampa
Thallus K+ yellow, Pd+ orange (stictic acid) or K-, Pd- (no substances). Ascospores
8+6-15+5 x 4+8-8+0pm; length/breadth ratio 145-25  .....ouueueecuccrsmssssmssnsssnsssesnees 18

18(17) Hypothecium mid- to dark-brown. Ascospores 9+5-15¢5 1 5¢3-8-0um

............................................................................................................... L. paupercuda
Hypothecium colourless to pale-brown. Ascospores 8¢6-11+3 x 4+8-5+7um
.............................................................................................................. L. haenjedibica
| 19(16) Thallus absent of POOHY JEVEIOPEA  ....ecresssusssssscssssmsssssmsssssusssmuusssssssasssassssssssssssses 20
Thallus WEll-GBVRIOPEA  ...ovvermurecrsssssensesssssssnsssssssssssssssisssssasssssssmssesssssssssssessssasssans 26
20(19) Exciple K+ red (norstictic acid), acicular crystals formed (microscope)
et et senie st oo eSS e et et s reniasaee L. ecrustacea
EXCIDIO K+ YEHOW OF K= +.veseveseesssmseessessssssssressmssssssssssessssassonsessssssssssnsomsnsssssesssesass 21
2 20) Hypothecium colourless of pale brown .......cccvveeneenns arisesaresrrasnissas rernnearureeserarene @2

Hypothecium mid- 10 dArk-DIOWN ...........iveceecreersesesrsesssessssssasssssssassnssssssassseasasssissss 23



2(21) Exciple with 25-45um thick cortical zone; inner zone pale red- brown, K+purple

Exciple with 8-20um thick cortical zone; inner zone colourless to pale brown, K-

................................................................................................ L lapicida var. lapicida

23(21) Ascospores subglobose, length/breadth ratio 1¢0-1+8; 4+8-7+5 x 3+6-4+6

25(24) Exciple with pale to mid-brown inner section. Ascospores 10+8-160 x 3+8-4+5um.
LIChen SUDSIANCES @DSENE  ..........ccureesmserssssmmsssmmassasninmeesssessesssssassssssssssssses L. promixta

Exciple with unpigmented inner section. Ascospores 8¢2-11+8 x2+8-4+4um.

CONflUENtic ACId PIESENT ...vuuuesesessssmsnesssnsnsssessemssmssssssssssssssassssssssasssses L promiscens
26(19) Thallus K+ red (norstictic acid), acicular crystals formed (microscope) .......cnun... 27
Thallus K+ yellow or K- - SRRSO 28
27(26) Hypothecium colourless to PIE DIOWN e L. lapicida var. pantherina
Hypothecium dark- to black-brown ........ — seneessessnemerees L swartzioidea
28(268) Hypothecium colourless or DA® YElIOW-DIOWN <o L. Iapicida var. lapicida

Hypothecium mid- to dark-brown .............. Arseresisesseisaniesseiasnesmi ey e emets ceevensresinenns 20

29(28) Ascospores subglobose, length/breadth ratio 1¢0-1¢8; 4+8-7°5 x3-0-4+6um



Ascospores ellipsoid, 765-160UM I0NG  <.....vvveeeeemmreserresssesesssssessesesssssseemsesssessene 30

30(29) Stictic acid or (rarely) no substances present ... L lapicida var. lapicida
Confluentic or 2-O-methylperiatolic acids present. Stictic acid also occasionally

PTESENT ...cccvviveerireeiceiessesesseeressesssnesnssssensarssnssesasessrseonsssssssrsesserassssesassssnersesesssnsnes 31

31(30) Ascospores 9+7-14+0 x 4¢2-5+9um. Thallus mid- to dark-grey. Contluentic (and
occasionally also Stictic) acid PreSent .........ceeesressensrsesensassesessoasine L confuems
Ascospores 7+5-11+7 x 3+2-4+7um. Thallus whitish. 2'-O-methylperiatolic acid
PIESEI  .vvvuuuuusssessssseseesssssesssesssessssssssessssessssesssssses s e esanssssassesenses L promiscua |

................................................................................................................................. 33
Thallus and exciple K+ YElOW OF K= ..coovevumeceeseosesesessssssssssssssssssssssssssssssssressssssssesses 36
33(32) Thallus absent or POOMY EVEIODEA  covveveeresssansesssesnsensssssssssssessassssesnens L ecnustacea
Thallus WEIl-0BVEIOPEA  covoeecesrerrsssssssssersssssssseresssssssssssss st 34
4(33) Thallus of T —— L syncarpa
Thallus N0t AtTOBIUNNEEHYDE  ..vrversererrrssmsrssssmssssssssmsssssssnnes 35
135(34) HyDotheciumchdur’Iess to pale 'brown vrereesrersnsrssstssassnes L. lapiciia var. pantherina
Hypoﬂweciqm dark- to black-brown  w......ueeeeeeeeeneee. reeneeans resraressensaresneen L swtmwa
:  36(32) Thallus absent or pooﬂy deVelbped : ..... AR
Thallus well-developed c....o..ovomecserreses RS SEURTRRRRRINE. - S
| 37(36) Exciple with 2545um thick cortical zone; inner zone pale red-brbwn, Kipurple



Exciple with 8-20um thick cortical zone; inner zone colourless to pale brown, K-

................................................................................................ L lapicida var. lapicida
38(36) Thallus Of AUTOBIUNNEAYDE  sovreeoesesese et 39
Thallus NOt AODIUNNEAYPE  ovvvvovevereessecesssssesssssssssesssssssssssssssssssssssssssssssssssassess 41

39 (38) Hypothecium colourless to pale-brown. Ascospores 8+6-11¢3 x 4¢8-5+7 1um

.............................................................................................................. L paupercula
Thallus rarely >2cm diam, pale Grey-brown  .......ceeeeevsssssssseenesene L aft. paupercuda
41(3g) Thallus bullate-areoclate; rust-brown. Sub-hymenium blue-green ............... L silacea

Thallus tplane; whitish or grey, not or only partly rust-brown. Sub-hymenium

COIOUNBES  v.iureerirresesenesssessaseessssssssensnsssisessenssnssasensaserssssssssssrasssssnsosaesssassssnsasassrsesens 42

................................................................................................ L kapicidha var. lapicida
Confluentic acid present. Stictic acid also occasionally present. Thallus mid- to dark-
B (- S, N S I prerenrsstnernaeni . L. confuens
4®) on siliceous rocks, boulders, walls or pebbles. N- B —— vovbssrenrerasrasass 44 |
~ Onchalk pebbles, limestone or other highly calcareous rocks  ............. r.....;.‘._.‘.“. ..... 69 |
4(43) Thallus with blue-grey soralia fesmarsissssesyamerstaeyses I S—T R
Thallus without soralia . vvinsiees ..... 46 e



45(44) Thallus grey, Pd+ faint yellow, K+ yellow (atranorin) .... "L’ pycnocarpaf. sorediata

Thallus rust-orange; Pd+ orange, K+ yellow (stictic acid) ......... Minquidica atrofulva
46(44) Hypothecium colourless 0 pale YEIIOW-DIOWN  ........ceuereeesseeresreesssssmanssesssssressassens 47
Hypothecium mid- t0 dark-DIOWN .........cceeeemsessssessseensssssssmmssmsssssssssmsssssssssssssassans 53
47(46) Apothecia MOStly <0°2m diam ......ccvcvevrerrenrenereeesensens s Micarea polycarpelia
Apothecia MOStlY S0°2 GIAM  ....ccourreveerereseersessssssesssssssesssssssssssssssssssssssssssssssenes 48
98(47) Thallus abSent OF POOHY GEVEIOPEA  ...ocrevrersessersrrresrserssss s 49
Thallus Lo o OO O — 50
49(48) Ascospores 4+8-5+7um wide. Lichen substances absent ..........oo.... L haerjedalica
Ascospores 3-6-46pm wide. Planaic acid present ........cwvnmcisnicsecnnenn. L plana
S0(48) Thallus yellow (usnic acid). Apothecia HiNNate ......cwereseeesesresssssensacs L’ ktecatra
Thallus grey, brown or white (Usnic acid absent) ......cccerennriennn .. 51
S150) Thallus ALODIUNNBAYDE  <...vvvevevscsssnseseerressssasssssssssssessssssssnsssssssssssses L haerjedalica

Thallus NOt ALODIUNNBA-IYPE ...ocvevveeeevensessssssesssssssssrsssssesssssiessessssssssssssssssnmsnnsnsens 52

S2(51) Thallus white to pale grey. Apothecia + angular, disc brownish when wet,
Epihymenium brown. Planaic acid present (cnfluentic acid absent) ......... L. kthophia
Thallus dark grey. Apothecia round, disc black when wet. Epihymenium green.

Confluentic acid present (planaic acid absent) ..., L aft. plana
53(46) Thallus absent or DOOY GBVEIOPEA  evvrcrvrsnsssrens RRNS——— Y -
TRANUS WEI-ABVEIOPEA  «.oeueurererirereseesesnsinsnsssessnsessessssssesiasesesssesenssssssosesones S B
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S4(53) Thallus poorly developed but clearly AtTObILANEA-YPe  .errre. L aft. haerjedakica
Thallus NOt AtTOBIUNNEA-LYPE  .....eeeuveceenrcermsscenssisssssessnssssssssssssessesssssssssassesssasesses 55

35(54) Hypothecium deep red, K+ crimson-purple. Asci Catillaria-type. Ascospores (7+0-

)9°0-1200 X 300-351M  .cvvvernneeessseemmsesssmsssessessssssssesssssssssssnneses 1.’ commaculans
Hypothecium brown, K-. ASCi N0t CRtlANE-YPE  ..veeuserveressesessssmensssssmsssssssasassssssnes 56
O6(55) ASCOSPOres MOSHY >11.0UM IONG  woovvoreesressesseesseses s seeeresrs e 57
Ascospores Mostly <TT.OUM IONG  .ceveeuemreereemniemssesssesssesmsssssssssssesssssessssssssassssans 59

S7(56) Hymenium with blue-violet granules (K+ green). Asci Porpidia-type. On semi-
INUNAAEA FOCKS  ...vvveervemeresseessssiessssssssssssssssmsnsssssessesssnsssssssssssassasssasasssssscses 1.’ ahlesi

S8(57) Inner area of exciple brownish, not sharply differentiated, without crystals.

HYMENIUM COIOUNESS  vevrvernerrseesenreessseeeasenseressssessssssssssessessassessasssssssseasees L. promixta
Inner area of exciple grey to dirty-grey, sharply differentiated from the hypothecium,
\(vith crystals. Hymenium usually red-violet (stronger inK) ............ L. sarcogynoides

S9(56) Apothecia 0-2—0-4(—0-7)urﬁ diam. Thallus usually with numerous pycnidia. Asci
Micarea-type S Micarca errafica
Apothecia (0+3-)0+5-1+8pum diam. Thallus without numerous pycnidia. Asci Lecidea-
Y S iastes s RAR AR RR AR AR RR RS RR R 60

60(59) Hymeniun uSuaHy red-violet (stronger in K), rarely colourless. Aséospores 00120
X 2.7-4.0um. Excipular hyphae, in central region, 3.0-4.5um diam.

Hymenium colourless or weakly greenish. Ascdspores 6.6-11.0x 2.4-3.5um.
Excipular hyphae, in central region, 2.0-3.0um diam. L auriculata subsp. auriculata
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61(53) Thallus K+ red (norstictic acid), acicular crystals formed (microscope)

..................................................................................................... Rimulana mullensis
TREIUS K+ YBIOW OF K= eoeveeeeeeseeeeeeeseseesseesseseesesssesessessssmesesssessassossasssssssssnessesaes 62
62(61) Thallus red-brown to dark brown, of convex to subglobose, squamulose, wart-like
areoles. ASCI CAtllafia-type  ......occsccrssssesseressessserssesssssssssssssssssasesss L' fuliginosa
Thallus whitish-grey to dark grey (to brown-grey), cracked-areolate to granular-
Warted, never squamulose. Asci not Catlllana-ype .......ceoceeecnsescssismessssssssssnns 63
63(62) Hymenium >80pm high. ADOthecia IMMErSEd .......coeermrssemersssmesresssssssssssssssrenees 64
HYMENIUM <BOUM DGR vvovveeeeereeeseeecessesensesesnseenssssssssssssssasssssssesssssssssssassessesesssns 65

64(63) Thallus whitish; Pd+ yellow, K+ yellow (atranorin and psoromic acid). Apothecia
brown. Asci Biatora-type. Ascospores 12-18 (-23) x 5-6 (-7)umm. On damp
ESNAABA TOCKS  .ouurvvsnreessecssasesssasssssssssssssssssasssssssssssssssmssssssssssessssmssassases L.’ phaeops
Thallus grey; Pd+ orange, K+ yellow (stictic acid). Apothecia black. Asci Rimularia-

type. Ascospores (8-)9-11 x 4-7(-8)um. On exposed rocks ... Rimularia gyrizans

85(63) Apothecia in botryose clusters. Asci not Lecidea-type. Thallus K+ yeliow (atranorin)
................................................... e L' PYCNOCAIPA

QoTUM oo s sasss st se e s as s bR RSs e s bR e ne L promiscua
Thallus without 2'-O-methylperiatolic 8cid (UV-)  .cecceieenirenseesensssssesens oo 67
67(66) ASCOSPOres <4.0UM WIdR .ucocreerrvrrsssrisssssssnnesnnn. L BUNICULAER SUDSP. amalm‘a
ASCOSPOres >4°0UM WIR  ....evuvrivenersesessssissessssssesssosssssesssssessesssssesessesssesessezesssnens 68
| 68(57) Thallus of convex, bullate areoles. Apothecia 0¢2-0<4mm diém S e enimm
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Thallus of flat to slightly convex areoles. Apothecia 0+6-0¢+8mm diam

--------------------------------------------------------------------------------------------------------------

69(43) Thalius superficial. Epihymenium dull greenish; hypothecium red-brown to black.

ASCOSPOrES 11-14 X T-OUM  cooreeceeeeceeereeesssssens s ssesssessessasssassasens L' advertens

Thallus timmersed. Epihymenium red-brown; hypothecium orange-brown.

Ascospores (14-)16-19 X (5-)B-BUM  ...eevreercreercisnnrressssseeserssseasessscens L' kcherscola
Note on the L. iapicida group.

This group of species contain either norstictic acid, stictic acid or no lichen
Substances. Dr Hertel considers the norstictic acid containing strain with a well-developed
thallys (previously known as L. /actea) to be a variety of L. lapibida (var. pantherina) and the
Morph without a well-developed thallus to be a distinct species (L ecrustacea). Norstictic
acid containing specimens with a dark hypothecium are also recognised as a distinct
SPecies (L. swartzioidea) but those specimens with a dark hypothecium but with a thallus
°0ntainiqg stictic acid ok no lichen substances are retained in L. lapicida. The taxonomy of

the group would appear to be in need of further investigation.

Keyto the L lopicida grop. o
1 Thallus poorly developed or @NAOKtNIC  ......eesieseesiemsseseessessnssssessrsnssssssenes L. ecrustacea
THallus Well-0VEIOPOA  wuvsvsvevsmessvesssessmessss s sssssmssssesssssssssssnsnis &
21 Thallus containing stictic acid of o lichen SUDSIaNCes ... L. lapicida var. kypicida
Thallus containing NOFSHCHC CId - wuesssesereessersasssssns ieirsomoiasinon ......... iaramsion 3
3 Hypothecium mid- to dark-brown JEEPAERME SIS L swartzioidoa

Hypothecium hyaline to pale BroWn ......ce.owuseeeressemmeres . L. lapicida var. mrlhema e



Synonyms
Purvis et af,

L brachyspora
L lactea

L matildae

L nigrogrisea
L Pemigra

L atrofuya
L erratica
L gyrizans
L Mullensis

L polycarpelia

Hertel (1995)

L. auriculata subsp. brachyspora Th. Fr.
L. lapicida var. pantherina Ach.

L. confluentula Mull. Arg.

L. siderolithica Mll. Arg.

L. promixta Nyl

Others (author citations do not refer to publications)
Miriquidica atrofulva (Sommerf.) Rambold & Schwab (1990)
Micarea erratica (Kérber) Hertel, Rambolld & Pietschm. (1989)
Rimularia gyrizans (Nyl.) Hertel & Rambold (1990)

Rimulania mullensis (Stirton) Coppins (1993)

Micarea polycarpelia (Erichsen) Coppins & Palice (1995)

Hes&lededﬁunSyru\ymy

L €crustacea (Anzi) Amold

L Swartzioidea Ny,

New to Britain

L haejedalica H, Magh.
L promiscens Nyl.

L promiscug Nyl.

Ne"‘bScienee

L. syncarpa Zahlbr.
'L." luteoatra Nyl.

L subspeirea Coppins, P. James & Hertel
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23:2:2 Porpidia Korber
Introduction

In the British mountains, specimens of the genus Porpidia are probably commoner than
those of any other genus. Because of their importance in the biodiversity of montane
€cosystems they are the most studied of the recent segregates of Lecidea (e.g. Hertel 1975,
Hertel 8 Knoph 1984, Knoph 1984, Schwab 1986, Gowan 1989, Gowan & Ahti 1993). In spite
of this, although it is usually easy to identify a lichen as a Porpidia, it is often very difficult, or
impossible, to assign it to a particular species. Species concepts are still unclear within the
genus with many of the characters used in separating taxa (e.g. chemistry, width of excipular
hyphae) being revealed only after detailed microscopic/biochemical investigation.

The key and notes provided here are not intended as a definitive statement on the genus,
More g Summary of rﬁy current understanding of the various taxa and an outline of some of
the Problems which need to be addressed before the genus (in the British Isles at least) can
be Considered reasonably well understood.

The most recent checklist of British lichens (Purvis et al. 1993) lists 14 species in the
genus but the present study has added two more (i.e. P. ochrolemma and P. zeoroides) to the
British flora and a further three undescribed taxa (P. ‘confuenta’, P. 'striata’ and P. superba
Var, Sorediata’). A number of other anomalous collections and the systematic position of P.

9isea, the sorediate counterpart of P. tuberculosa, are also discussed.
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Key to the Species

1

2(1)

3Q)

4(3)

5(4)

6(5)

1(5)

8(3)

9(8)

TRAIUS WIth SOTEAIA  «.veevvrvereeeeeeeseseeseesessmeesssessesssssessssessssssessssesesessssssessemsssenesseesmsssenns 2
THANIUS WINOUL SOTEAIA  cvvvveeeenesreeseseesesseseseseesesesessesssesessessesessessesssserssecsesssenecsanns 13
MEAUIA 1+ DIUE  coveereeeeeeeeeeeees e eeeaeesseeeesseseesesseessseesssseseessensesssessasanens P. tuberculosa
MEAUIA I oot es e seee e se e ss e s es e sneseaseseseseees e eneseesssenassemsens 3
Thallus K+ yellow, Pd+ 0range (SHCHC @CId)  cvveuvuueerveseneesssssisessssssesssssssresssssessesseess 4
Thallus K-, Pd- (StCHC ACId BDSENL)  we.veeereeeeseesseesseessemssesesssessssssessesssessesssssessesssssnes 8

On basic rocks, usually in damp situations. Thallus thin, continuous-cracked.

Apothecia, with brown disc, usually present  ........... P. superba ‘var. sorediala’ ad int.
ON SHICEOUS FOCKS  covnsvevrnesnsesessssessssssssssssssssessssmsssssssssssessssssssssssssssssesssssssssssssasnsaness 5
TRAHIUS OTANGE  coveeeseesreeeeeeseseererenessssesscsssssssesssessessssenessasssses e es 6
TRAHUS GIY  wuv.vveeveeesneeeeeseesssssesssssmesssesesssassssessmsssasssessssssssssesssasssssssssssassssssssssssssssases 7

Thallus thin, cracked-rimose, pale creamy orange. On damp rocks, usually beside
Streams. Confluentic aCid @DSENE .....c.overeesrerssmsemsmmssssrensssessssssserssennass P ochrolemma

Thallus thicker, areolate, darker orange. Habitats more varied. Confluentic acid usually

PIESENL . .ot sssssss s emve s benss e ben s nan s P. melinodes
‘Thallus thin. Lowland species P. soredizoides
Thallus thick, twarted. Upland/montane SPECIES  erverrerrerarennienaes P. aft. glaucophnea
Confluentic acid present (K+ numerous 'oil droplets' in section) S ———
Confluentic acid aDSENE ........crvivrrereseersesmsssemessessressssssens reniierssasrsmsivimmoinbimmsaseer e 10
Thallus 0range, Are0late ..........meiesssiessssesssesssmsessemserssetemessorossessssssnes P. mefinodes
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Thallus white-grey, warted. On exposed montane rocks ............ P. confluenta ad int

10(8) TRANMUS GIEY  covvvveeeeeeeeeeseesereessesssessssesesssssesssessssesesesassssssssesesasesssessssssssessesssssessases 11

Thallus orange, thin and SMOOth; SOTAlIA TOUNG  vvvvvveresessreserssssesesessassssssssesssasesens 12

11(10) Thalius thin to moderately thick, grey to blue-grey; soralia tuberculate and punctiform

to convex and irregular, never in lines. Methyl 2'-O- methylmicrophyllinate present

.................................................................................................... P. cf. contraponenda
Thallus glaucous, thick and warted with irregular soredia or thinner and soralia in
lines. 2-O-methylsuperphyllinic acid PreSent  .........uersssseeessssesene P. glaucophaea

1210) Epihymenium vivid aeruginose, Exciple uniformly dark, composed of cellular

hyphae. No substances by TLC (probably referable to Famoldia - one collection

Epihymenium olive-brown; exciple tcolourless intemally, composed of narrow

hyphae. 2' -O-methylperlatolic acid PreSent .........usmmrsessesesssssnaeess P. melinodes

13(1) Epihymenium vivid aeruginose. Usually on +semi-inundated, siiceous rocks

............................................ R =Y % 2
Epihymenium brown oF GlIVACEOUS  vovvuusesremerserscssssssssssssssesssssssssssssssssessnsmssssssnsss 14
L o T 15

ON SIlICEOUS TOCKS  o..vvvereeresererssraesesessusssrasssssssessensebesssssssssssosssssssssensoseassasassasonseasenes 17

15(14) Meduﬂa 1+ blue. Apothecna tinnate, usualfy pmmose Confluentlc acid present (K+
numrous oil 'droplets’ in section) resassessissssemsressensAamEASASRARR SRR P. spa:ma
Medulla I-. Thallus K+ yellow (stictic acnd) ......... s ———————- - 16 )

18“5) Apothecia tconstricted b_elow, disc brown, outer edge of excib!e not pruihose; thal!i.xé
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USUAILY DUIALE ....eueererenrererresseessseenesesssssssssessesssressssssssasassassessasssssssssessses P. superba

Apothecla not constricted below, disc black, outer edge of exciple white pruinose;

thallUS SMOON cuv.ceveeseseeceeeeeeecessesesssesssesssesessssssssssssssmsessssssssssssassssssess P. zeoroides
17(14) Confluentic acid present (K+ numerous 'oil droplets' in section) ........ceeeeeerenenses 18
Confluentic acid absent (K+ red or YEllow or K-)  ...cemeeemreessenererensesssesssessssssesses 21
T T P. tuburculosa f. grisea ad int.
Medulla I+ oo reseestesessreeasiecestebesseRSSTIAS R SRR SRR TSR RO RS SRR ERE SRS R S SRS R 19
19(1g) Thallus tuniformly orange. Excipular hyphae <4pm Wide ... P. flavicunda
Thallus grey. If oxydated then excipular hyphae >4Um Wide ........eresssneessssnnes 20
20(19) Thallus SMOOth, $thiCK &N CONUNUOUS <vvvrrsssesersresesseessseesssmessorssssssses P. cinerecatra
Thallus warted, + dispersed on a black prothallus P. musiva

21 (7 Thallus K+ red (horstictic acid), acicular crystals formed (microscope). Usually
Maritime, but also in MONtANE BIEAS .....ccvererveressseenresserasmmsessssarsasss P. platycarpoides

Thallus K+ yellow or K-, nOrStctic aCid @DSENt ....ereuesseesssseverssssenesesssnsessrssssssesses 22

2(21) Proper exciple persistent, radially striate. Intemally, exciple with carbonaceous
cortex and tcolourless medulla ............................ eevesneaaeees P.'striatsl adint.

Proper exciple +smooth (at most flexuose). Intemally without carbonaceous cortex

................................................................................................................................. 23
3(22) Excipular hyphae 2-3um wide. Thallus orange certeresennaasesasaraes R ﬂawam
Excipular hyphae >4y wide. Thallus grey, sometimes partly oxydated ............... 34

2423 Ascospores 12-16(-18)um long, hymenium 70-00Um high ... P. crustulata
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Ascospores 16-18(-21)um long, hymenium 90-110UM high  ..ccovevvmereverceeene. 25

25(24) Apothecia densely pruinose, excipular hyphae 5-6um wide. Thallus K+ yellow

(SHCHC @CIA) ..vvuvressreeneenseesssnensesessesseeesesesseesessssanessersassesseenssresessanns P. platycarmpoides
Apothecia not or only slightly pruinose, excipular hyphae narrower. Thallus K+

yellow or K- (stictic acid or N0 SUDStANCes PreSent) ..........ermmssssssssssssnnsenns %

26(25) Thallus usually thin or non-apparent; K+ yellow, Pd+ orange (stictic acid) or K-, Pd-
(N0 SUDSIANCES)  ..ovvvvverrereessssssssessessssssssssssssnssssassssssssssssnsssssssssssssssssssens P. macrocarpa
Thallus usually moderately thick. Thallus K-. Methyl 2'-O-methyimicrophyllinate
PIESENL ...t s s e sebs bR e s e e 27

T R P. contraponenda
Apothecia timmersed, white ring present between exciple and disc when young

................................................................................................... P. aft. coniraponenda
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Notes on the species

, P. Cinerecatra - Gowan (1 989), Gowan & Ahti (1993) separated L. lowiana from this species
Primarily because of its thinner thallus and arctic distribution. As | have found a continuum of
thallus thickness from +endolithic to thick and warted (P. musiva) | have retained all

Collections in P, cinereoatra.
P. confluenta’ ad int. - of. section 2+2+2 for a full description of this species.

P Contraponends - This species is characterized by the presence of Methyl 2'-O-
rﬁethylmicrophyllinate in the thallus. The species is morphologically heterogenous, one entity
has sessile apothecia (P. contraponenda s. str.) the other has tinnate apothecia with the
inner edge of the exciple being white pruinose (P. aff. contraponenda). | have also seen
Several, morphologically variable, sorediate collections with this chemistry (P. cf.
Contraponends). Gowan (1989) separated P. diversa from this species on the basis of its
8enginose epihymenium, usually smaller apothecia, and a different distribution. | have found
the coloyr of the epihymenium to vary from olive-green to aeruginose in a single plant and so

Gannot accept this distinction.

P. Crustulata - A common species in upland and montane habitats. It is an early colonizer of
bare rock surfaces and is frequent around areas of prolonged snow-fie. Itis distinguished
from p, Mmacrocarpain the field by its smaller apothecia and microscopically by its smaller
as‘3°~°4)0res lower thecium and thicker excipular hyphae.

Gowan (1989) described a new species, P. tomsonii to accommodate specumens with

Characterg lntermedxate between these two species.

P. Ravicunda - Although all British specnmens of P. ﬂawcunda examined contaxned no hchen
Substances studnes in other areas have shown that the chemotype contammg conﬂuentsc
racud is usually by far the most frequent. Gowan (1 989) mentions four chemical races of this ;

SPecies in North America with the confluentic acid race constituting 93% of the tbtal whereas
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that lacking lichen substances is very rare (3%). Knoph (1984) states that only the
Confluentic acid race is known from Europe.

Gowan & Ahti (1 993) have shown that the name P. flavocaerulescens refers to the non-
Sorediate species and that the name P. melinades is available for the sorediate entity.
HOWever, Santesson (1993) considers that due to the confusion this would cause, P.

ﬂ »
Vicunda should be retained for the non-sorediate morph. | have followed Santesson.

R Yaucophaea - Sorediate specimens of Porpidia which contain 2'-0-methylsuperphyliinic
3cidin their thallus are referred here. P. glaucophaea s usually described as occurring on
Slliceous rocks and having soralia developing in lines along cracks in the thallus. Montane
SPecimens, however, occur on weakly basic rock and have a thick thallus with trounded or
egular soralia not déveloping from cracks in the thallus. Apothecia are rare but appear to
30ree well with those described for P. glaucophaea. The relationship of these specimens to

P,
- Glaucophaea s, str. warrants further investigation.

p - ' - . .
* aff. glaucophaea - This entity is morphologically similar to P. glaucophaea but differs in
having stictic acid in its thallus. In this respect it is similar to the lowland P. soredizodes from

Which it differs primarily in having a thicker, WGH-deve!oped thallus.

P,
'M*DDI% An occasional species of semi-inundated rocks and other damp habitats in
Uplandy montane areas. Itis readily distinguished from all other described species of Porpidia

by its bright aeruginose pigmented epihymenium.

P. * Meknodes - Gowan & Ahu (1993) showed this to be the correct name for the species
Previously known as P, flavocaerulescens.

Gowan & Ahti discuss this species and the closely related P. ﬂawcunda (asP.
fa VOCaemIescens) in some detail. They conclude that two separate species are mvolved

baseq mainly on the thinner thallus of P. me[:nodes and the different secondary chemotypes

Which oceur, the primary chemotype of both taxa containing confluentic acid. However,other
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Species pairs within Porpidia also have a thinner thallus when sorediate (e.g. P. superba, P.
tUberculosa) and so this difference should probably be treated with caution. Of more interest
I8 that all British specimens of P. flavicunda lack lichen substances and so differ in primary
ChemOtYDe not only from other populations of P. flavicunda but also from British collections of

P. Melinodes, The complex warrants further investigation.

P. musivg - This is a member of the P. cinereoatra group characterized by its thick, white

tha"US, epruinose apothecia and slightly larger ascospores.

R ochrolemma (Vainio) Brodo & R. Sart. - Recently recorded from North Wales (Fryday

1996b), It has a smooth tcontinuous yellow-orange thallus, reminiscent of Hymenelia
lacustri but with numerous grey-white soredia. As it also occurs on siliceous rocks in
Streams it was placed in Hymenelia by Gowan & Ahti (1993).

It differs from P, melinodes in its smoother, more creamy-yellow thallus and in containing
Only stictia acid (P. melinodes also occasionally contains stictic acid but confluentic acid is
aways Present as well). The two species differ morphologically, the thallus of P. melinodes is -
3reolate whereas that of P ochrolemmais rimose. Both species are illustrated in colour by

Sowan & Anti (1993).

P P@Ym - This species is usually easily identified by its densely pruinose apothecia
and the Presence of norstictic acid in its thallus and exciple (K+ red, acicular crystals formed -
Visiblg i sectioh) However norstictic acid is occasionally replaced by stictic acid (K+ yellow
Solution jn section) but P. platycarpo:des can then be dnstmgunshed by its wide excipular -
hyphag (4. -8um wide). ‘

P Platycarpoides is not uncommon in montane areas although itis primarily a species of -

Maritime rocks.

P Soredizoies - A lowland species which is extremely rare in montane areas.
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P. speirea - This is a characteristic species within the genus being the only one restricted to
basic rocks and having an I+ blue medulla. Itis most likely to be mistaken for the
Morhologically similar Rhizocarpon umbilicaturn.

The Central European P. trullisata also occurs on basic rocks and has an I+ blue medulla
but Contains stictic acid (K+ yellow, Pd+ orange) rather than the confluentic acid found in P.

Spierea,

P. striata’ aging. - cf. section 2¢2+2 for a full description of this species.

P Superba - A distinctive species of basic rocks. The well-developed bullate thallus and
apothecia with a brown disc and constricted base are characteristic. However morphs also
Oceur (Darticularly in damp situations) where the thallus is less well-developed and the
Pothecia disc darker. These are sometimes difficult to separate from P. zeoroides which is
then most readily separated by the densely pruinose outer rim of the exciple. Gowan (1989)
described anew species, P, calcarea, with characters intermediate between P. superba and
i Zeoroides, on the basis of three collections from the shores of Lake Superior. More work is
NBeded on these and other intermediate specimens.

The sorediate morph ('f. sorediata ad int.) occurs on damp, usually vertical and

Periodically flushed, slightly basic rocks. Itis described in fullin section 2:2:2,

P. tuberculnsa - Gowan (1989) described non-sorediate, fertile material of P. tuberculosa as a
distinct Species, P. grisea. However, the presence of a complete range of intermediates from
albU"dantly fertile with scattered soredia through specrmens with equal numbers of bothto -

abUﬂdantly sorediate matenal with scattered apothecia suggests that only one specres is
'"VOIVed. Soredia production appears to be associated with areas of thinner thallus and there

is g tendency for lowland/upland plants to have a thin thallus and produce soredia whereas
Most montane plants have a thick thallus and apothecia. Where both soredia and apothecra s
are produced on the same plant the soredia are strongly associated wrth areas of thmner ‘

thallus and the apothecia wrth areas of thicker thallus.
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lnterestingly, specimens from the vicinity of areas of prolonged snow-lie have the thin
MIUS and abundant soredia of the lowland morph suggesting that this is a stress-tolerant
form whereas the morph with a thick thallus is a better competitor. The rank of 'form’ appears
tobe the most appropriate level at which to recognise fertile specimens with a thick thallus.

A similar situation occurs in P. superba (and possibly P. flavicunda) where the sorediate
Morph also has a thinner thallus. The sorediate morph of P. superba also occurs in a more

Stressed habitat than the fertile one.

P  Zeoroides - Recently recorded from calcareous rocks on Ben Lawers (Mid-Perthshire) and
Ben Squlaird (Argyll). This spemes differs from P, superba in having black apothecia, which
are not constricted at the base, and a white pruinose outer rim to the exciple. It is probably

Morg Widespread in the Breadalbane Mountains (and elsewhere) but has been overlooked for

P. superpa,

P spon. Recorded from a wall at a disused mine at Strontian (Argyll), this entity has an

' °ria“9e thallus, which lacks li0hen substances by TLC, blue-grey soredia and ‘apothecia witha
bright aeruginose epihymenium anda dark, carbonaceous exciple The latter character
SUggests a placement in Famoldia but the only European species of that genus with an

| °’an96 thallus is the rare F, dissipabilis (Nyl ) Hertel which, however, lacks soredia, has a

" | gfeen-brown epihymenium and occurs on calcareous rocks. In Porprdla itis closest tof.

me"nOdes from which rt differs in the aemgunose epnhymemum the carbenaceous excuple and

the Iack of hchen substances
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23-2:3 Rhizocamon Lam. ex D.C. subgenus Phacotfakss Thomson

Introduction
- The non-yellow species of Rhizocarpon (subgenus Phaeothallus) constitute an important

Component of the montane lichen vegetation and many of my collections failed to fit in with

Current taxonomic concepts; in particular the revision by Feuerer (1991), which used a rather

broad Species concept, failed to do justice to the variation | was encountering. The account of

Rhizocafpon in Purvis et al. (1992) mentions a number of species where there are apparent

 Problems e.. R. hochstetteri and R. obscuratum and it soon became clear that most

Unland/montane specimens called R. obscuratum were in fact R. lavatum and that there were

as0 at least two very distinct entities ‘included within R. hochstetteri. ConseqUénﬂy. special

AMtention has been paid to these groups, extensive collections have been made and subjected

102 detajleq microscopic analysis. This was followed up with herbarium work in the Natural

History Museum and the Royal Botanic Garden, Edinburgh; | have also seen a small number

of collections from Scandinavia (principally in the R. copelandii group).

Conversely, other species of the subgenus have not been studied; in partlcular those

Montane species which occur on basic rocks (e.g. R. caeruleoalbum, R. chioneum, R.

‘ Xpallescens) prirnan'ly ‘becau.ee they areyery rare. ‘Oth’er epecies not studied include R.

9eminatum and R. polycarpum, both of ‘wnich would probably benefit from close scrutiny.
Thé keys presented here must be considered provisional for three mein reasons:-

3) The genus is relatrvety pooriy represented in the Bntrsh tsles compared with, for instance,
Scandrnavra, Many species are rare and it wrll be necessary to examine forelgn metenel
o gain a clear concept of these :

b) More work is needed on a number of problem areas (e g the R. copelandu group)

°) Afthough the main taxonomrc entmes are establlshed the correct names for them are not.‘
ln particular, there are numerous prevrously pubhshed names rncluded inthe synonymy :

of R. hochstetten and rt will be necessary to examine the type matenal of many of these i

ln cases of doubt ] have tended to retaln specres as separate entmes rather than iump peae

"‘e"l tosether as rt is easuer to combrne separately recorded specses than it is to separate
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Ones recorded together. Consequently, R. cinereonigrum and R. jemtlandicum are retained

88 distinct from R. badiotrum and R. cyclodes respectively, although | strongly suspect that

they are better treated at infra-specific level.

Notincluded in the key are the lichenicolous R. advenulum (on Pertusaria spp.) and R.

Ochrolechiae (on Ochrolechia parella).

Key to the species

1 Ascospores 1-septate (occasionally 3-septate or SUDMUNTOrM) ......vueeseenneeeesssssnes 2
ASCOSPOres 3-Septate t0 GUMUMIOMM  ..uu.u.eevceeessesessesssesssssssssssssssssssssassesessessesseses 21

1) Ascospores remaining colourless (over-mature spores sometimes becoming
brown, but then USUAIY dIStOMEA) .ecoveessersusnssseesssssssssssnmisssssrsssssssssmasssssssssssssssssessssess 3
Ascospores soon becoming dark blue-black (occasionglly brown) ...cccvevirerennees 15

3@)

4Q)

5Q)

6(5)

Medulla I+ blue; ascospores occasionally becoming 3-septate or submuriform ... 4

Medulla I-; ascospores usually remaining 1-SEPLALE .......uusmmmmsmmssssmssssssssssssssssssessmsnes 5

‘Thallus usually C+ red (gyrophoric acid). Epihymenium K-, maritime species

----------
---------------------------------------------------------------------------------------------------------

On slightly calcareous rocks (ep:dlonte. basalt andesnte) in oceanlc areas. Rarely
on semi-inundated siliceous rocks further east (Scotland). Thallus grey, K-, Pd-.
Apothecia flat to slightly convex, to 1.5mm diam., ilmmargmate Spores 16-18 (-

19) x 7-8um Epahymenlum aeruginose, especnally in K o B 'oaeaamad int..
Usually on more strongly basw rock, especially limestone. Thai%ds‘whité; apdtﬁecié
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7(6)

8(7)

9(s)

10(9)

11(9)

12(11)

sSmaller. Epithecium oliVACEOUS 10 BIOWN ....oeeeeereceeseereesesesissssssasssessessssssssesssessnes 7
EPINYMENIUM K+ PUIDIB .cvvrreesoeesesessessssessssssssssssssessasssssssssssssesssssssssas R. chioneum
EDINYMENIUM K= ooeeoeeeeeeeee oo essssosssesssmessessseessaseesesssesmssessassesssssssssessassasens 8

Exciple K+ purple. Apothecial disc not pruinose. Thallus K-, Pd- .. R. expallescens

Thallus K+ red, Pd+ Yellow (NOISHCHC @CI) wuuuesereeresssssssrmmssssssmsssecrssessssessessesmsnenes 10

Thallus K+ yellow, Pd+ orange (stictic acid) or K-, Pd- (no substances) .............. 11

Thallus white or pale grey, warted-areolate, usually <1cm diam. Epihymenium
bright blue-black; paraphysoids with only slightly swollen pigmented caps;

remaining :tcongluiinate inK. On disused metal-mine spoil, rhontane rocks and
COASIAl SNINGIB <rvvrrssrrsssrsssssnsesmssessssesssssssssssssssssssssssses R. aft. cinereovirens
Thallus pale grey to brown, areolate, usually >1cm diam. Epihymenium usually

blue-black (occasionally olivaceous-brown); paraphysoids with tdistinct, abruptly

- swollen pigmented caps, tseparating in K .....cermvesmnnanneninnessnsennans R. hochstetteri

Apothecia flat to slightly convex, to 1+5mm diam., timmarginate. Epihymenium
aeruginose, especially in K. Thallus grey, K-, Pd-. Ascospores 16-18(-19) x 7-
8um. Usually on slightly basic or semi-inundated acidic rocks

R. ‘caesium’ ad int.

Apothecia smaller. Epihymenium blue-black or brown s ees e 12

Ascospores >24 um long, usually becoming brown when old Paraphysoids with ,
only slightly swollen pngmented cap; remaining conglutmate 1] | GRS I
Ascospores usually <22 pm long, rarely becomlng brown when old. Paraphysoxds
with idistinct, abrupﬂy swollen pigmented caps; separatmg in K ........ ;.; ...... e 14
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13(12) Thallus grey-brown:; Usually K-, Pd- (stictic acid absent). On exposed

14(14)

15(2)

16(15)

17(16)

18(17)

upland/montane siliceous boUdErS ..........eeseesmerssneensns R. colfudens (Nyl.) ad int.

Thallus red-brown; Usually K+ yellow, Pd+ orange (stictic acid). Restricted to high
altitude (>900M) ..curreresesssceersesserenmssseessssesssssssses R. colludens v. rufoatrum ad int.

Thallus thin, olivaceous-brown, continuous; K-, Pd-. Apothecia with thin, persistent
exciple. Ascospores 19-21 x 9-11um. Epihymenium brown. Frequent oceanic
Species, becoming scarce in Scotland although extending as far north as Knoydart.
Usually on boulders in woodlands but becoming upland/montane in SW England
(Dartmoor) and SW lreland (Brandon Mountain) .....c.cusssseees R. oceanicum ad int
Thallus white, grey or brown, areolate; K+ yellow, Pd+ orange (stictic acid) or K-,
Pd- (no substances). Apothecia with thicker exciple or occasionally immarginate.

Ascospores 14-16(-18) x 7-8um. Epihymenium usually blue-black. Upland or

MONLANEG SPECIES  .uvevrnviresresseressessrssesessessesssssssrsesseassmsnssesssssssssssnsssssssass R. hochsteteni
Medulla I+ blug ... e eeresetseeseasasaesraTe A O SOR SRR AR SRR A RSOOSR SRR SR e m R e vene R nReS 16
LV 1Y 11 N CeveseearenesssasstvasesatasTaR eI LE SR e TS a s Rsansaaenares 17

Thallus C-, K-, Pd-. Ascospores 12—16vx 6-8um; exciple K+ purple ' .. R. simiimum

Thallus C+ red, K+ yellow, Pd+ orange (gyrophoric and stictic acids). Ascospores -

2227 X A1-1AUM oo resssssesssssssresssssmmersssnsennensnneres FL. "SUDGraNGS" ad int.
Epihymenium K+ purple ......................................................................................... 18
Epihymenium K- covveeses voreessassaesnens A T 19

Thallus K-, Pd- (no substances). Sub-montane; usually on semn-mundated boulders
in streams or the margins of lakes R T A S, R. badioatrum

- Thallus K+ yellow, Pd+ orange (stictic acid). Apparently restricted to high altitude,
usually associated Wlth areas of prolonged snow-lie ..... rrveanrenaenses A CUW B -
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19(17) Thallus of plane to convex white areoles; K+ red, Pd+ yellow (norstictic acid).
Exciple K+ purple. Usually on shaded rocks or sides of boulders at intermediate
altitudes but also on tops of low boulders at high altitude on Ben Avon (Fig. 2+15a)
Thallus grey to brown; K+ yellow, Pd+ orange (stictic acid). Exciple K-, Usually on

EXPOSEA MOUNLAINTOPS  cuvverereercecrreeessessrsrssesinsessasssansssassessmssssssnssssesemsasssssassansens

20(19) Thallus usually grey, areoles up to Tmm diameter. Epihymenial pigment diffuse.
Apothecia innate, flat to slightly convex, exciple indistinct. Usually on tops of
exposed montane boulders (Fig. 2¢15D) ...ccecevrreerenee R. ?cyclodes Hellb. ex. Th. Fr.
Thallus usually brown, areoles up to 1.5mm diam. Epihymenial pigment less
diffuse. Apothecia sessile remaining flat with a persistent, thick, raised exciple.

Usually associated with areas of prolonged snow-lie (Fig. 2+15¢)

........................................................................ R. jemtlandicum.
21(1) Ascospores predominantly 3-septate (if medulla I+ blue 566 22) ....ceveeeceerrennnnne 22
Ascospores usually with Some [ongitudingl SEPLA .....eessersrersnessersssessrsessesasesennns 23

2(21) Thallus orange to rust-red. Apothecia umbonate to gyrose. Most often on metal-

MICR FOCKS wooveneeccesesessiessensemsenesessssessaseasesssssssssssssssssssesesssssassssasssassassssasssnsese R. oedeni
Thallus grey. Apothecia smooth. On montane TOCKS  corevrrnracnns R. submodestumn
23(21) ASCOSPOTES ATk DIOWN ..cveeeiieceesissesssesesesssssmsrssssssassssesseserssensensssterassnsssemmesesnnns 24
Ascospores colourless it reressresseseisrseRr e s SR RV bSO RS PebL ettt se et san 26 |
24(23) Ascus 2-spored. Medulla I- R A reveeresenns e . gominatum
Ascus 8-spored. Medulla 1+ blU8  covverveeeeeeeseeerrsesisnsens -
25(24) Thallus brown, C+ red (gyrobhoric acid). Epihymenium K- .......... S ; grande .
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26(23)

27(26)

28(25)

29(28)

30(2g)

31(30)

Thallus white, C-. Epihymeniun K+ purple or K- erreinnne R. geographicum

ON CAICAIBOUS TOCKS  cvvvvvevveoeeaeeseeesessssessssssesesessssssssssssesssssasesssenseseasssssessosssesassnses

O SICEOUS TOCKS  vrrvereereeeesesesssesssesssessseesssesasesssssasssssressessesssessasssasessessssasesassens

Ascospores sub-muriform (34 transverse, 1(-2) longitudinal septa), 15-30 x 9-
16um. Thallus K+ yellow, Pd+ orange (stictic acid), white. Exciple thickly white
pruinose, disc usually pruinose. On pure limestone or other strongly basic rocks
Ascospores strongly‘muriform (3-9 transverse, 1-2 longitudinal septa), 30-40(-50) x
14-19(-24)um. Thallus K+ yellow, Pd+ orange or K-, Pd- (xstictic acid), grey to
white. Exciple often white pruinose on inner edge, disc not pruinose. Also frequent

on weakly calcareous rocks as well as imestone ........cueeimissensnnes R. petracum

Thallus continuously, finely isidiate-sorediate (blastidia). On metal-rich rocks.

ADOtNECIA TAIE  ..eveveeereesceeeeeessneseescssessessasesssessassessssssssnssees e R. furfurosum |
Thallus otherwise, Apothecia USUAllY PreSENt  ....eeermessemsmsserssssssrasssssensrsssssenns 29
ASCI 2-SPOTBA e rrrissrsesenesesierssssasssssssasssssssssaseas rerersesanirans R. subgeminatum

Asci 8-spored ............. s etseensneeaessarsarane 30

Medulla I+ blue. Epihymenium usually K+ purple; exciple K+ pu'rplé ‘R distinctum
L T=Ys T O ceereriessssss st RSS e — 31

Epihymenium K+ purple. Apothecia innate.. On semi-inundated rocks

.
T ennsansesesnsninesssssatans oreraees R S S S R. amphibicm

Epihymenium K= .....uiicoriminmsessssisssssesssssssssssemsensisemres surisensrnestaetarenbisteserssaseans 32
Ascospores submuriform, USUallY <25UM I0NG  .evcveeveeresoreeesoeoosooooooeo 33

- 3231)
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34(32)

35(34)

36(34)

Ascospores eumuriform, usually >25UM ING  c.ovvevvveeveressessessesssssssssssssssssssssssssases 34

Ascospores (16-)18-22 x (1 0-)11-13um. Length/breadth ratio 1.5-2.0. Thallus
indistinct, K-, Pd- (stictic acid absent). Rare upland/montane species (Figs 2+16¢ &

Ascospores 19-28 x 10-12. Length/breadth ratio 1.75-2.75. Thallus well-developed,

K+ yellow, Pd+ orange or K+ red, Pd+ yellow (stictic or norstictic acids), common

species of rocks and pebbles (Figs 2.16b & 2.17b) ...ccevrerensernernsnnenee R. reductum
Ascosporeé 33-50 x 12-17um. Length/breadth ratio 2.0-3.0 ............. R 35
Ascospores usually <30um long. Length/breadth ratio 1.5-2.0 ..vveemreersresseseenns 36

Upland/montane species of damp rocks. Thallus dark-grey to various shades of
brown, most often pale creamy brown; cracked-continuous, usually widespreading.
Apothecia large (to 1+5mm) with thick tumid margin, not pruinose, not arranged

concentrically. Ascospores ‘usualty 35-45um Iong (Figs 2.16a & 2+17e)

------------------------------------------------------------------------

.Low!and/upland species of exposed rocks Thallus white to pale—grey, areolate

- Usually in discrete, torbicular patches Apothecia smaller often with a prunnose

exciple, often arranged concentricatty. Ascospores usually 30-35um long (Fig.

Thatlus brown, granular-areolate Ascospores 22- 33 X 11 19um Onty brown

_ plgments present intemally; epnhymemum K+ grey, at least in places (ths 2.16d & 8

217d) ... et aasees R.amunr
Thallus grey, cracked-areolate. Ascosmres 17-36x 11-15um. Brown and blue T

pigments present lntemally, epihymenium K+ aerugmose (at least in places)

exciple ecigo K+ aeruginose (Figs 24160 & 24176) ... . sublavaimadint.
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Figure 2*15. Rhizocarpon copelandiisensu lato, a) R. copelandiisensu stricto.
(Magnification: x4)

pigure 2*15. Rhizocarpon copelandiisensu lato, b) R. ?cyclodes. (Magnification: x4)
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Figure 2*15. Rhizocarpon copelandii sensu lato. ¢) R. jemtlandicum. (Magnification: x4)

figure 2.16. Ascospores of the 'Rhizocarpon 'obscuratum'group, a) R. lavatum.
(Ma9n'fica*on: x*0)
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Figure 2.16. Ascospores of the Rhizocarpon 'obscuratum'group, b) R. reductum.
(Magnification: x700)

(Magnification: x700)
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Figure 2.16. Ascospores of the 'Rhizocarpon 'obscuratum'group, d) R. anaperum.
(Magnification: x700)

Figure Ascospores of the Rhizocarpon ‘obscuratum’group, e) R. 'sublavatum’adint.
(Magnification: x700)
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~ Figure 2417. Drawings of the ascospores of the Rhizocarpon ‘obscblé{um' group | ‘1
@) R. postumum b) R. reductum ¢) R. 'sublavatum'adint. d) R. anaperum e)R. lavatum )

. R. petmgum_



Table 2+4. Summary of important distinguishing characters-

———

a - spore septation
b - spore colour
C-medullal+b

Species
R. badioatrum
R. cinereonigrum
R. copelandii
R. ?cyclodes
R. jemtlandicum
‘R, simillimum
"R 'subgrande’

R. caerulecalbum
R. 'caesium'
R. chioneum
R. cf. cinereovirens
R. colludens

'v. rufoatrum’
R. expallescens
R. hochstetteri
- R. ‘oceanicum’
R. polycarpum
R. richardii -

R.oederi
R. submodestumn

R. amphibium
R. distinctum

S R. postumum s B

R. reductum
R. umbilicatum

| R-geminatum"’ S

: R-gfande

sm
osmo
o sm

sm

em

d - epihymenium K+p

e - exciple K+ p
f - gyrophoric acid

(v}

O-Q-Q.Q.G-Q.O.g’
1]
3

c - -
c - -
c - +
c . -
c . g
c . .
c . .
. ] )
C ’ - -
c + +
¢ .
c - -
B
¢ + -
c -
. - )
c - -
ot .\

+ + + O

g - norstictic acid
h - stictic acid
i - calcareous rock

f g h
- - +
- + -
- - +
- - +
. + +
+ - +
. . +
- - +
- + -
. . +
-t t
+ - %
+ .o %
- - +
- - +
+ +
- + +
..
- - 4 g



R. anaperum em

c . . .
R. petraeum em C - - - - - t +
R. furfurosum em ¢© ] ) ] ] ; + )
R. lavatum em c - - - - - - -
R. subgeminatum em C - - + - - -
R. 'sublavatum' em ¢C . - - - - - -

S r———
* N .
Sm = submuriform, em = eumuriform
*d = dark, ¢ = colourless

NOTES

R. amphibium (Fr.) Th. Fr. New to the British Isles. The specimen from Caenlochan
Provisionally placed here by Purvis et al. (1992:539) belongs in R. lavatum. However R.
amphibium has subsequently been recorded from NE Scotland (Glen Quoich) and N. England
(Upper Teesdale and the Lake District). ftis an upland rather than a montane species.

R. anaperum (Vainio) Vainio New to the British Isles. Recorded from a numbef of damp
north-tacing coires and occasionally near areas of late snow-lie in Scotland as well as from

~ the summit of Camedd Liewelyn in North Wales, where it is abundant. The first British record
was made by Watson from Snowdon in 1926 but the specimen (in BM) was mis-identified as
R. grande. Itis also known from four disused metal-mines in mid-Wales.

Feuerer (1991) referred this species to R. obscuratum, but even allowing for the previous

concept of that species, it is clearly morphologically and anatomically distinct.

R. badkoatrum As suggested in Purvis et al. (1992) records of R. badioatrum from the
Cairfugorms (in particular from the late-lying snow bed in Ciste Mhearad (Gilbert and Fox
1985) belong inR. }emtlandlcum This accounts for the reports of stictic acid in British
specimens of R. badioatrum (also mentxoned by Purvis et al.) although itis possnb!e that
some records are of R. cinereonigrum. ' |

R badioatrum is most frequently a spacies of siliceous rocks in or on the edge of

Udand/montane Iakes and streams Two dlstmct enntles are recogntsed within R bad:oatmm
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(Timdal & Holten-Hartwig 1988) but only one has been recorded from the British Isles.

R. Caerulecalbum A montane lichen of strongly calcareous rocks. British specimens are rare

and the species was not studied.

R ‘caesium adint. New to science. The record of R. expallescens from Ben Hope (Gilbert
and Fox 1986; Purvis et al. 1992) refers to this species. It most frequently occurs on slightly
basic rocks in hyper-oceanic areas (Trotternish, Isle of Skye to North Wales) where it can be

locally common. There are, however, a few records from semi-inundated siliceous rocks

Rurther east in Scotland.

R. chioneum A montane species of strongly calcareous rocks. British specimens are rare so

the spacies was not studied.

R cinereonigrum Vainio New to the British Isles. Separated from R. badioatrum primarily by
the presence of stictic acid and its ecology, R. cinereonigrum occurs only at very high

altitudes, most often in the vicinity of areas of prolonged snow-lie. It probably only deserves

fecognition as a variety of R. badioatrum.

R. aff. cinoreovirens The type of R. cinereovirens (in BM) is a norstictic acid containing strain
ot R. hochstetteri. The description in the key refers to specimens from disuséd metal-mine
8poil in Wales and Scotiand which differ frdm R. hochstetteriin mbrphology and anatomy and
for which it wil probably be necessary to find a new name. This entity has also been recorded

from summit rocks in the Ben Nevis range and coastal shingle in N.E. Scotland

R. coludens (Nyl) adint New combination, resurrected from synonymy. Th|s isa
common upland/montane species of smceous rocks usually called R. hochsretten by British

and Scandinavian lichenologists. However, it differs from that species by its much larger '

Spores, taller thecium and less distinctly capltate paraphysonds that remam conglutmate in K
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Ithas grey-brown thallus and lacks stictic acid. The v. rufoatrum ad int. (new to science)

differs in the presence of stictic acid as well as the thicker red-brown thallus and its habitat of

high altitudes only.

R. concentricum See R. petracum and R. reductum.

R Copelandii The holotype of this species (in L) has a thallus composed of dispersed, grey,
Convex areoles and a K+ purple exciple. British specimens differ in having a thallus
Composed of white, flat to bullate arecles but as intermediates occur and they appear
anatomically identical to the type-specimen they are included in A. copelandi

Timdal & Holten-Hartwig (1988) have a much broader concept of this species, including

Collections closerto A. Jemtlandicum and/or containing stictic acid. These are here

Provisionally referred to R. cyclodes (Fig. 2¢15).

R. 2cyclodes Resurrected from synonymy (see R. copelandii). This appears to be the
®arliest available name for those specimens included in R. copelandii by Timdal & Holten-
Hartwig (1988) but which have a continuous, areolate thallus and lack a K+ purple exciple.
H°Wev_er, its separation from R. jerhtlandicum is in need of fus:ther investigation. ‘

This entity is not rare at high altitudes in the Scottish Highlands although it has in the past
been confused with R. jemtlandicum. British specimens are all morphologically similar and
Contain stictic acid. However, even after the removal of R. copelandii s. str., Scandinavian
Specimens (in UPS) are morphologically more varied and somé also contain norstictic acid in

Place of stictic acid. The complex warrants further study.

R distinctum This is an ubland species rather than a montane one so was not studied. R.
distinctum has a red- brown K+ purp!e epihymenium. However I have a collection (from East
Lothian) which has a blue~black K+ brighter blue epxhymenlum although the exciple is red-

brown, K+ purple. All other characters coincide with those of R. dlstlnctum sol have no

hesitation in including it in this specnes

- 187 -



R expallescens This is an extremely rare species recorded in the British Isles only from
Coire Cheap (Ben Alder) and Caenlochan. The record from Ben Hope (Gilbert & Fox 1986;

Purvi etal. 1992) is referable to R. caesium. All other records, including those from disused

Welsh metal-mines, belong in R. hochstetteri s. str.

R turfurosum This is an upland rather than a montane species, restricted to heavy metal

Containing rocks, so was not studied.

R geminatum This is an upland/montane rather than a true montane species and, as

Collections are not common, it was not studied.

R. grande (Flotow) Amold New to the British Isles. Recently recorded from North-East

Wales (Clwyd). | have not seen this collection so cannot comment on it.

R. hochstetteri The description in Purvis et al. (1992) reflects the confusion surrounding this
Species in the British Isles, it being a composite description of R. colludens and R.
Oceanicum', The description of this species in Timdal & Holten-Hartwig (1988) refers to R.
Colludens. | have been unable to locate the type specimen of R. hochstetteri but from the
Original description (Kdrber, 1861) and its location, along with the descriptions and opinions of
Subsequent German/Austrian authors (Poelt and Vezda 1981, Wirth 1987, 1995, Feuerer ~
1987) | am confident that my concept of the species commdes with that of Korber
- There is a tendency for specimens with a brown thallus to have flat areoles, lack stictic
- cid and have an olive-brown epihynraehium whereas those with a gréy thallus are more often
Warted, contain stictic acid and have a blue-black epihymenium. However, | have seen
Specimens with all possible combinations of characters so | am including them all wrthrn the
Same taxon. It may be that further study will alter this opinion. ‘
Specimens from disused mine spoil in mid- Wales, with a pale grey thallus appearto
“have a shallower thecium and be more intensely pigmented internally. These may represent

a distinct taxon.
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R'ﬁm’hﬂcun In the British Isles this species is confined to rocks in the vicinity of areas of
Prolonged snow-lie. Most previous records from the British Isles refer to the closely related R.
%cyclodes. Rhizocarpon jemtlandicum is morphologically and ecologically distinct from R.
%cyclodes although anatomically it differs in only minor respects. They are here retained as

Separate species pending a more detailed investigation of this complex.

R. lavanym This species is very variable morphologically but is anatomically well defined by
ts large muriform spores and thick, tumid exciple. It is not restricted to lake and stream sides
3s stated by Purvis et al. but is far more widely distributed, being frequent on damp rocks
throughout the Scottish Highlands and elsewhere. The ochraceous tinge to the thallus also

Mentioned by Purvis et al, is only rarely encountered. The earliest available name for this
Species is R. obscuratum (see note under that species). However as this would cause

Considerable confusion it will be necessary to preserve the name R. lavatum by a formal

rejection of A, obscuratum (see below).

R oedei This is an upland species, largely confined to heavy metal containing rocks, rather
than a montane one so it was not studied.

R. obscuratum The type material of Lecidea petraea var. obscurata Ach., upon which this
Name is based, is a small form of the species currently known as R. lavatum As the name
R. obscuratum has been used for R. reductum (see below) as well as small forms of R

’aValum it seems wisest to reject the name altogether.

R. ‘oceanicum adint. Newto scienée. This species is cldsély related to R. hochstetteri and
Many British records of that species belong here. It differs from R. hochstetteri mainly in its

Smooth olive-brown thallus and habitat of siliceous rocks in oceanic woodlands.

R pahamm This is an w:despread species most frequent on weakly basnc rocks although it

also occurs on siliceous rocks in the lowlands and more strongly basnc substrata in montane
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Situations,

The presence of stictic acid in R. petraeum is variable and, when present, is located in
the cortex rather than the medulla. There is a possible correlation with the thickness of the
thallus; specimens with a thin thallus, from montane areas, apparently lacking lichen
Substances (by TLC) and this warrants further investigation

Feuerer (1991) showed R. petraeum to be the correct name for the species previously

known as R. concentricum.

R. phicatil Lecidea plicatilis was transferred to Rhizocarpon by A. L. Smith on account of its
Muriform spores. The syntype (in BM) collected by Leighton from Cader Idris (N. Wales) is
Small and in poor condition with only two immature apothecia. However, detailed anatomical
Notes were made by P. W. James in 1960 and the specimen was subjected to TLC in 1983
and found to contain stictic acid and atranorin. It is also obscurely sorediate. There is an
annotation in pencil on the herbarium sheet (?Lamb) querying its placement in Rhizocarpon
and an undated determination of R. obscuratum by Feuerer; who does not treat R. plicatile in
- his most recent work (Feuerer 1991).

The specimen is referable to a crustose Stereocaulon species very close to S. fomense

(but with muriform rather than 3- septate Spores) known from é number of localities in

Scotlaﬁd and one in Noﬁh Wales. | It’ was previously believed to be undescribed (Fryday &
Coppins 1996b).

R. rubescens, usually considered a synonym of A. plicatile, is‘a distinct species and nota

horstictic acid containing strain of R. reductum as suggested by Fryday (1996a). It has larger
-@umuriform ascospores than R. reductum, 27-35x11-14um, and apothecia witha prominent
thin proper exciple. It has not been correctly reported from the British Isles.

Most other British collections named R. plicatile are referable to R. reductum.

R. polycarpum Most records of this species are from upland habitats, so it was not studied.
The chemistry of R. polycarpum and, the closely relafed, R. richardiiis reported as R.
fichardii - stictic acid, gyrophoric acid or both; R. polycarpum - stictic acid or none (Timdal &
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Holten-Hartwig 1988). However, Mackenzie-Lamb (1940) cites a collection from Somerset
With a C+ red thallus and K+ purple epihymenium (i.e. R. polycarpum with gyrophoric acid)
and | have also collected similar specimens from Glen Coe. These apparant intermediates
educe the distinction between the two species considerably but they are here retained as
distinct (separated by the K+ purple exciple of R. polycarpon) pending a more critical
investigation of this group.

- Two further collections from maritime rocks (Islay and Harris) have dark ascospores, a K+
Purple epihymenium and contain stictic and gyrophoric acid (i.e. R. richardii with a K+ purple
epihymenium). Although Laundon (1986) has shown that spore colour is very variable in R.
fichardii these are here provisionally referred to a distinct species, R. 'subgrande’ad int. (see

below),

R. postumum The single British gathering of this species mentioned in Purvis et al. (1992) is
referable elsewhere; possibly to an apparently undescribed species known from two other
Collections, also from Ben Laweré (ct. Gilbert et al. 1988 - as Rhizocarpon sp. 'A’). However
there are two spacimens of R. postumum in BM, from Ben Lawers (Holl 1886) and Caithness
(Willey 1905) and I have also collected this species more recently in West Sutherdand. The
type collection (in H-NYL) s also from Scotland but unlocalised. |

R. reductum Fr. Resurrected from synonymy. This entity has usually been called R.
Obscuratum. (see note under that name). It is a colonizing species of siliceous rocks in
rupland areas, being absent from hiQh altitudes in the Scottish Highlénds (whére it appears to
be replaced by R. 'sublavatum', see below). It does, however, reach high altitudes in North '

Wales, including the area of longest snow-lie on Camedd Liewelyn, where R. 'sublavatum'is

Unknown, :
The only recent work to recognise R. reductum as a distinct species is Foucard (1 990)

although he separates it from R. obscuratum on m‘orphological characters. -

R. richardli This is a species of maritime rocks, so was not studied. See ndte under R;
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po’YCarpum,
R. simiimum - Very rare upland species. Not studied.

R Subgeminatum An upland species, so not studied. This species appears to be fairly
frequent at low to intermediate altitudes in the Scottish Highlands where it usually occurs on
 the sloping upper sides of siliceous boulders. British specimens are reported as containing no
lichen substances (Purvis et al. 1992). However, Timdal & Holten-Hartwig (1988) report four
ChernOt!lpes among Scandinavian specimens, which are also morphologically and |
Anatomically rather varied. The complex clearly warrants further study, particularly with
eference to the K+ purple exciple which does not appear to have been mentioned in previous

Studies,

R. ‘subgrande’ad int. New to science. A species of maritime rocks so not studied. In habitat
itis very similar to R. richardii from which it differs primarily in its dark ascospores and K+
Purple epihymenium and exciple. Itis also ‘close to R. grande but differs in having 1-septate
ascospores. It is known from only two collections, from maritime rocks on Islay and Harris
(both in the Hebrides), but has probably been overlooked for A. richardii. On Haris it

Occurred on a vertical rock face several hundred metres from the shore.

R 'emmam ad ’n. New to science. Often occurs with A. lavatum on damp, montane
rocks. In thls situation R. lavatum is often the host to llchenlcolous fungl but R. sublavatum
always remains unlnfected It most closely resembles R. anaperum and lts separatlon from
that species relies upon a number of small details. However both species often occur -

together when they remain morpho!ogucally distinct and easily separated. |
In Coire Leis (Ben Nevis) R. sublavatum is the dominant species on loose rocks below a

high cliff face. There are very few assocnated species and it appears probable that thisisa

'Colonlzmg species, replacmg R. reductum in this role at high altitudes.
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R submodestum (Vainio) Vainio New to the British Isles. Very rare so not studied. The
Species with 3-septate spores are poorly understood. Both British collections (Glas Moal and
Aonach Mor) contain stictic acid. Feuerer (1991) included this species in R. obscuratum.

R. umbdcatum Primarily an upland species of strongly calcareous rocks so not studied.
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2:3+2+4 - Rimutaria Nyl,
Introduction

In the recently published The Lichen Flora of Great Britain and Ireland (Purvis et al. 1992)
the only species included in Rimularia were R. fuscosora Muhr & Tensberg and R. limborina
Nyl. However, the subsequent Checkilist of the Lichens of Great Britain and Ireland (Purvis et
al. 1993) includes nine species; mainly as the result of recent taxonomic work (e.g. Hertel &
Rambold 1990).

Two species in Purvis et al. (1992) - Lecidea gyrizans and Mosigia illita - were mentioned
33 having been recently transferred to Rimularia (the latter as R. badioatra) while two others,
Lecidea furvella and L. insulans, had already been moved to the genus by Rambold & Hertel;
although this placement was not universally accepted in the restricted sense of the genus
then current. In Purvis et al. (1993) two further species were transferked; Lecidea mullensis -
Considered by Hertel & Rambold to be a chemical race of R. gyrizans - and Mosigia
intercedens - which they considered to be the anamorph of R. badioatra.

Recent field work in Scotland has added a further species, R. sphacelata, to the British list,
While a number of others have been found to be more frequent than previously reported.

The diagnostic feature of Rimularia s its distinctive ascus tip structure although it is most
easily recognised microscopically by its richly branched, monilioid paraphyses. The
pothecia of many members of the genus are umbonate or gyrose (e.g. R. badioatra, R.
Mullensis, R sphacelata) and this can be a useful character for field identification. The only
other species in the family Rimulariaceae to occur in Britain is Lithographa tesserata, which
Can be distinguished by its séssile, lirelle-like apothecia. The genus is characteristically one

of upland/montane siliceous robks although the recently described R. fuscosora is epiphytic.
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Key to the Species

1

2(1)

3

43)

5(2)

6(5)

7(6)

8(7)

On bark; discrete, punctiform soredia present .........cvceennrrennessnnnnenns R. fuscosora
On rocks, bryophytes or other lichens; discrete soredia absent .........ee.uceevsenn. 2
Thallus C+ red (QYrophoric @CId) ..........ceeremmersssncersmsssssssssssssssmsssssressssssssasssssasssseens 3
Thallus C- (gyrophoric ACId @DSENE) .......eeeresrersmmssssressserssssessassssesssssssssssasessesssssnses 5

Thallus dark brown-black, granular/scurfy, effuse with a leprose appearance.

USUaIlY IChENICOIOUS  cvreriseencenreneesersessessssassssessssssssssssssssssssessessesssssrsasesnes R. firvella
Thallus pink-brown, Smooth. DIreCtly 0N FOCK  ....eu.cereemeueresecussesssrssssesseassssssssssananens 4
Thallus with numerous papillag. USUally Stere - ...euuueusuesuwmsssessmmsisesmenn R. infercedens
Thallus without papillae. Usually fertile; apothecia innate, contorted/umbonate
.................................................................................................................. R. badioatra
Thallus K+ red (NOrstictic @Cid) .......ceeveseesmmsesscssessessesasssssssassisssssssenss .6
Thallus K+yellow or K- (norstictic acid absent) s s 7

Overgrowing bryophytes on montane rocks. Thallus white, cracked-areolate.

Apothecia round (except when distorted by compression) with thick, persistent

- proper exciple. Only known in the British Isles from one collection at >1000m

(Aonach MO, WESEINVEIMESS)  wroersrsersercermsresesesrmesmesmemsssenes L sphacelata
On upland and montane, siliceous rocks and boulders. Thallus dark grey Apothecia
usually contorted, Slit-iKe ...eeenereerersnnsesssrsenens ——— R mwensis
Lichenicolous lichen on Lecanora rupicola; usually maritime ........... S R. insularis
 Directly on 10ckS; UPIANG evvrsmrsmmssomssesserssesseeeeesenee vt e 8

Thallus K+ yellow (stictic acid); apothecia 0.2-0.5 mm, innate: p'rbpervexcyiple thin; -
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SPOTES G-11 X A.7-T HIM e crcrnereseressesnese s arsasersssssssnsasssssssessnsns R. gyrizans
Thallus K- (stictic acid absent); apothecia 0.5-0.8 mm, sessile; proper exciple thick

and cracked, spores 18-30 X 10-18HM  .c.cvvvererrererenssmssssemsesissssssasessens

Notes on the montane species.

R badioatra - This species was previously placed in Mosigia (as M. illita) along with the
Closely related R. intercedens. They are Characteﬁzed by their pinkish-brown, C+ red
thallus and habitat of fine-grained, usually igneous, siliceous rock. Both are frequently found

in mosaics but when growing alone A. badioatra usually forms small, discrete thalli whereas

R. intercedens is typically more widespreading.

R furvelt - Locally frequent but easily overlooked for a dark stain on siliceous rocks and

other lichens. Chemically variable.

R. gyrizans - Probably not rare on sunny, siliceous rocks throughout the Scottish Highlands

(as well as North Wales) but easily overlooked. See R. mullensis below.

R inforcedens - See note under R. badioatra above. R. intercedens is known fertile in the

British Isles from only two sites near Loch Houmn in N-W Scotland.

R. kmbuorina - Uncommon species of upland/ontane siliceous rocks. Easily distinguished in

the field by its distint:tive gyrose-umbonate épothecia with a thick, cracked exciple.

R. mubensis - R. mullensis is closely related to F? gyrizans with which it‘ often grows. It
differs pnmanly in the presence of norstictic acnd (K+ red, Pd+ yellow) in place of stictic acnd
K+ yellow, Pd+ orange) although it can usually be separated in the field by its more slit-like -
apothecia and darker grey thallus formed of more convex arecles (Fig. 2+18).

R. mullensis is widely distributed throughout the highlands of Scotland (mostly above

¢. 500 m.) sometimes becoming frequent at high altitudes. There is one record from
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Figure 2*18. Rimularia gyrizans (left) and R. mullensis (right) growing together on exposed,
sunny quartzite, at 800m on the southern side of Sgurr nam Fiannaidh, Aonach Eagach,

Glen Coe, Argyll. (Magnification: x1.

Dartmoor and the species probably also occurs in the mountains of Northern England and

Wales.

Both species occasionally have small patches of Orphniospora moriopsis growing on

their thallus, apparently parasitically.

R. sphaceiata - The only member of the genus present in the British Isles to grow over
bryophytes in montane situations. It can be separated from other fertile bryicolous species

with small simple spores by the presence of norstictic acid in the thallus (K+ red - acicular

crystals in microscopic section).
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31 THE RESOURCE
311 Introduction

The montane zone is, for reasons given in section 1+4+2¢4, better defined on bio-
geographical terms rather than on purely physical ones (i.e. by the plant communities present
inan aree rather than simply by its\altltude). The criterion most often used in other parts of the

-World is the natural tree-line but in the British Isles the upland/sub-montane zone ‘is s0 heavily
Modified by anthropogenic effects (primarily over-grazing) that this is difficult to determine.
For practical reasons, therefore, the montane zone in the British Isles is considered to begin
Where prostrate Calluna vulgaris begins to domlnate the vegetatlont Howeyer, although this is
a well-defined ecologicel distinction in the more continental, eastem Highlande it is far less
Wldespread in more oceanic areas and, consequently, of less applrcatlon in definmg the start
of the montane zone. ltis probable that lichens identified as having a montane rather than an
Upland drstnbutlon in eastemn areas can be used to charactenze the montane zone in the west.
Saxicolous specres will probably be most appropnate for thlS as they are less affected by
climatic conditions due to the more uniform nature of the substratum. Soil condmons in the

east are far drier and better drained than in the west and, consequently, support a drfferent

lichen vegetatron - o ~ t
Prewous studles (e g Gllbert & Fox 1985 1986 Gilbert etal1988 1992 Gilbert &

Glavannr 1693) have treated the montane zone as a srngle umt although drfferent habltats
' have usually been |dent|ﬁed that support dlstmctlve assemblages of lrchens Thls is reﬁned
here by dividing the montane ﬂora intoa number of zones. ln contxnental Eurepe the montane |
- Zone is divided into sub-alprne Betula scrub and medrum shrubs to lQW*alpme dwarf shrubs
middle- alplne grassland moss and llchen heaths to hlgh-alpme stone desert and ﬁnally to
| permanent snow andi lce (Thompson & Brown 1992) This classrﬁcatlon ls adapted here tor " |
use in the Brltrsh lsles (whrch generally lacks thls clear-cut zonatlon due to the pest effects of -
| deforeetatron and more recent over«grezrng) 'lhe deﬁnmon of ‘low~montane lS equrvalent to
low- alplne (i.e. dwart shrubs) wath anythmg above thrs bemg mld montane, except tor areas ln
the vrclnrty of prolonged snow-lle whrch are classrﬁed as hlgh montane e |
a) lkiardllow—mor@xe Plants havrng the centre of their dlstnbutlon in the upland zone - . |
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(i.e. above the level of arable farming) but which also frequently occur in the montane
Zone (i.e. above the tree- line). Many of these species probably belong to the sub-
montane zone but this is largely absent in the British isles (cf. section 1+4¢2+4).

b) Low-montane - plants having the centre of their distribution above the tree-line but below
the upper limit of ericaceous shrubs i.e. NVC Communities H19 Vaccinium myrtillus/
Cladonia arbuscula and H20 V. myrtillus/ Racomitrium lanuginosum (Rodwell, 1992)

¢) Mid-montane - plants having the centre of their distribution above the level of ericaceous
shrubs but below the permanent snow-line.

d) High-montane - plants having the centre of their distribution in areas affected by

prolonged snow-lie.
These zones are considerably less definite in practice than they appear in theory and

there is a substantiél amount of overlap between one zone and another. Consequently, it is
often impossible to place a species clearly in a particular zone.

The 'high-montane' zone is usually described as the area above mid-montane grassland,
and moss and lichen heath which consists of stone desert and permanent ice and snow
(Thompson & Brown 1992). This definition encompasses two very distinct habitats united by
their lack of vascular plants; stone deserts tending to be associated with exposed summits
and plateaux with permanent snow fields pccurfing in more sheltered situations. The
Vegetation in the vicinity of areas of prolonged snow-lie in the Scottish Highlands is very
different from that of the surrounding mid-montane communities and this is sufficient |
- lustification for it to be treated separately. Whether it is true 'high-montane’ vegetation is of
lesser importance as this is the most appropriate name for it. The stone deserts of some of
the highest summits in the Scottish Highlands, however, are probably bést excluded'fr:om the
'high-mqntane' zone as the lichen communities they support arp often very similar to those of
exposed rock outcrops and boulder fields at lower altitudes. Itis probable, in fact, that
saxicolous species need to be considered separately from a system which was devised to
Classify térricoloUs, vascular plant vegetation. This would also solve the problem of the lichen

assemblages in the vicinity of areas of prolonged snow-lie as the most characteristic of these

are also saxicolous (cf. section 5¢4+3¢2). '



In many instances in this chapter it has been necessary to make subjective, informed
decisions as to which montane zone or distribution pattem is most appropriate for a particular
Species. This is necessary as lack of data regarding lichen distribution means that
documented evidence is often mis-leading being based on unequal recording of different

areas. However, in the majority of cases it is possible to discem general patterns.

3-1+2 List of Montane Species

The total resource of montane lichens (i.e. lichens which can be considered to have the
Centre of their British distribution in the montane zone) consists of some 287 taxa. These are
listed in Table 31 in which they are arranged by the lowest montane zone in which they
Occur; 172 are centred on the low-montane, 103 on the mid-montane and 12 on the high-
Montane. There are also 105 taxa that regularly occur in both the upland and low-montane
Zones but which are rarely encountered at higher altitudes; these are listed séparately in Table
3-2. This table does not include many common upland ta‘txa» which also occur, with less
requency, in the low-mantane zone (e.g. Fuscidea cyathoides, Porpidia crustulata, P.
Macrocarpa, P. tuberculosa, Protoparmelia badia, etc.). This listis incomplete as the
distinction between strictly upland species and those which also extend their range into the
low-montane zone is not clear-cut and open to much discussion.

Species in parenthesis occur, with some regularity, in a non-montane/upland habitat
(usually wood!and or coastal) and in somé bases this is their priméry habitat. They are
included in this Table 32 for one of two reasons:- '

a) they are pamcularly frequent in montane areas, ©.g. Baeomyces IUfUS Ochrolechla
lartarea, Trapeliopsis gelatinosa
b) they indicate a particular habitat, usuélly a calcareous'é.ubstratum, (e.9. Agonimia
| tristicula, ‘Bac‘idia éabulatomm; Trapeliopsis wallrothii). '
|n, some cases é.g. Pannaria pez)‘zoides, bbth reasons apply. |
The numbér of species occurring in these zones decreases from low- to high-montane

as the total area which the zones oécupyi decreases and the number of available habitats falls
correspondingly. ‘ . o .
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Table 3+1. Montane Lichens Occurring in the British Isles.

——

KEY

Montane

~ low- Low-montane

Mid- Mid-montane

High - High-montane (Snow-bed)

Substratum Type Substratum Base Status
Sax - Saxicolous Acid - Acidic

Terr - Terricolous Int- Intemediate
Bry - Bryophilous Calc - Calcareous

Lich - Lichenicolous
Fluv - Fluvial (In streams or lakes)

Raiity

Red Data Other Categories

Ext- Extinct Rare-  rare species
End- Endangered VRare - very rare species
Vuln - Vuinerable New-S - New to Science

DD- DataDeficient New-B - New to the British Isles

—

Zone Substraum  Base Stalus  Rarity

Taxon

Low-Montane (172 taxa) |

Acarospora badiofusca Low Sax - Cde Rare
A. rhizobola Low/Mid Sax Calc Vuln
Alectoria nigricans Low(Mid) Terr ~ Acid

A. ochroleuca Low Terr Acid Vuin
A. sarmentosa subsp. vexillifera Low Terr Acid Rare
Amygdalaria consentiens Low/Mid Sax Acid "Rare
Arthonia myriocarpalla Low Sax Calc DD
Arthrorhaphis alpina LowMid Sax/Terr ~  Acid Rare

A. muddii (syn. A. fuscireagens)
A. vacillans |
‘Aspicilia melanaspis

A. recedens

Bacidia herbarum

Basomyces placophyllus
Belonia calcicola

B. russula ,
Brigantiaea fuscolutea

Bryoria chalybeiformis
Caloplaca approximata -

(C. concilians)

Low/Mid Lich(Terr) Acid  Rare

Low Terr int. .~ NewB
Llow Fluv(Sax) Int. Vuln
Low Fluv(Sax) Acid DD

Low Bry(Sax) Calc -~ Vuln
Low Terr . Acd
low = Sax  Calc DD
Low(Mid Sax Calc ~ Rare
Low Bry Cac  Rare
Low Sax/Bry - Acd:
Low/Mid Sax Calc Rare

Low Sax Calc DD
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C. obliterans
(Catapyrenium cinereum)
C. daedaleum

C. lachneum

Catillana modesta

C. picila

C. gilbertii

Cecidonia umbonelia
Cetrarnia nivalis

Cladonia macrophylla

C. pleurota

(C. symphicarpa)
(C. 20pfi)

Clauzadeana macula
Coccotrema citrinescens
Collema callopismum

C. ceraniscum

C. parvum

Comicularia normoerica
Dermatocarpon amoldianum
D. deminuens

D. intestiniforme

D. leptophyllodes

D. meiophyllizum

D. rivulorum

Epigloea medioincrassata
Euopsis granatina
Fuscidea intercincta

F. kochiana

F. 'poeltii ad int.’
Gyalecta foveolaris
G.geoica

Gyalidea fritzei
Gyalideopsis scotica
Halecania rhypodiza

H. micacea |
lonaspis cyanocarpa

l. heteromorpha

I. melanocarpa

Low
Low/Mid
Low
Low
Low
Low
Low
Low/Mid
Low
Low
Low/Mid

Low/Mid
Low ‘
Low/Mid
Low

Low

Low

Low

Low

Low

Low
Low/Mid
Low

Low
Low/Mid
Low

Low

Low
Low/Mid
Low
Low
Low
Low

Low
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Sax

Terr

Terr

Terr

Sax

Sax

Sax
Lich(Sax)
Terr
Sax/Terr
Terr

Sax

Terr

Sax

Sax

Sax

Bry

Sax

Sax
Fluv(Sax)
Fluv'Sax)
Fluv(Sax)
Fluv(Sax)
Fluv(Sax)

Fluv(Sax)

Bry

Sax

Sax

Sax

Sax

Bry
Bry

Sax
Bry(Terr)
Sax
Sax
(Fluv)Sax
Sax
Sax

Int
Cale
Calc
Calc
Calc
Cale
Calc
Acid
Acid
Acid
Acid
Cale
Acid
Acid
Acid
Cale
Cale
Calc
Acid
Acid/Int
Acid/Int
Cale
Calc
Cale
Acid/int
Acid

Acid/int

Acid
Acid
Acid
Calc
Calc
Calc
Cale
Calc
Cale
Acid
Calc
Calc

Rare
Rare

Vuin

Ext
New-S

DD .

DD

Vuln

DD
New-B

DD

DD

Rare

New-S
Rare
Rare
Rare
Rare

~ Vun
~ New-§
| Rare

Vuln

" Vuln



l. odora
l. suaveolens
Japewia tornoénsis
Koerberiella wimmeriana
Lecanactis abscondita
Lecanora achariana
L atromarginata
L. atrosulphurea
L. chiorophaeodes
L. epibryon
L paupercula
L. promiscens
L. prdmiscua
L. pycnocarpa
L. aff. paupercula
Lecidella aff. asema
Lempholemma intricatum
L. radiatum
aff. L. isidioides
Lepraria cacuminum
Lithographa tesserata
Lopadium coralloideum
Megaspora verrucosa
- Melanelia commixta
M. hepatizon
‘Miriquidica complanata
(Mniacea nivea)
Ochrolechia frigida
O. xanthostoma
Omphalina luteovitellina
- Orphniospora moriopsis
Pannaria hookeni -
(P. pezizoides)
P. pragtermissa
Parmeliaincurva
- Peltigera elisabethas
P.venosa

- Pertusaria amarescens -

 P.fRavicans =

Low/Mid/High Sax

Low
Low
Low
Low
Low/Mid
Low/Mid
Low/Mid
Low/Mid
Low/Mid
Low/Mid
Low/Mid
Low/Mid
Low
Low
Low
Low
Low
Low/Mid
Low

Low/Mid

Low/Mid

| Low/Mid

Low/Mid

 low

Low -
Low(Mid)

~ Low
- Low
. Low
low o
~ LowMid
 LowMid
Clow
Low/Mid
- Low

Low

"4Low |
-4~

~ Low/Mid/High Sax

Bry
Sax
Sax
Fluv(Sax)
Sax
Sax
Sax
Bry -
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Bry(Sax)
Sax

Bry
Bry/Terr

Sax

- Sax

Sax

Bry
© Terr |
~ Calluna
~ Temr

Sax
Sax
Bry(Tem)
Bry

By
By

Sax -
Sax

Acid
Acid
Cale
Cale
Calc
int
Calc
Acid
Acid
Calc
Acid
Acid
Acid
Acid
Acid
Acid
Calc
Calc
Calc
Acid
Acid

- Cale
- Cale

Acid
Acid
Acid

~ Cale
- Acid
“Acid
- Acid

Acid
Calc

- IntCalc
Cale
© Acid
© Cale
o Cale
. Cale
)

Vuln
Rare
Rare
End

Vuln
Rare
Rare
Vuln

New-B
New-B

New-S
New-S
Rare
Rare
New-S

Rare
Rare -

DD

Raré
Rare

'VRare

- Rare ,
Vun
— Rara y' :



P. flavocorallina
P. geminipara
Phaeophyscia endococcina
P, sciastra
Pilophorus strumaticus
Placynthium asperelium
~ P. flabellosum
P. pannarielium
P. pluriseptatum
~ Platismatia norvegica
Polyblastia cupularis

P. effilorescens
P, inumbrata

P. melaspora

P. theleodes

P. verrucosa

P. wheldonii

Polysporina cyclocarpa
Porina mamillosa
Porocyphus rhemicus
- Porpidia ochrolemma

P. superba
‘ 'f. sorediata ad int.

P. zeorvides ;
Protoblastenia siebenhaariana
- Pseudephebe minuscula
Psora decipiens
P, globifera

P. rubifomls
Pyrenocollema bryospilum
P.caesm
- Pyrenopsis furfuracea
- P. grumulifera
P.impolta
P.phylliscella
P. subareolata
Rhizocarpon badioatrum
R. caerulecalbum =
R. chioneum

-

Low
Low/Mid
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

 Low

Low

Low

Low
Low(Mid)
Low

Low

Low

low
Low

- Low

Low
Low
Low/Mid
Low

Low
Low

Low
Low -
Low

 Low

Low
Low

 lptn
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~ Bry(Term) . |
: . cae
-+ Cale
_’C’alrc E

.Acidf

- Sax

Sax

Bry
Fluv(Sax)
Fluv(Sax)
Sax

Sax
Fluv(Sax)
Sax

Sax
Sax/Terr
Sax

Sax

Sax

Sax

Sax

Sax
Bry/Sax/Terr
Sax

Bry

Sax
Sax(?Fluv)
Sax

Sax

- Sax

Sax
Sax '
Terr
sax
Sax

Sax

Sax‘

,Sax;'

Sax

~Sax(Fluv) S
Sax

~ Cale

Cale
Acid
Acid
Cale
Acid
Calc
Acid
Cale
Cale
Acid
Calc
Cale
Cale
Calc

~ Calc

Calc
Int/Calc
Cale

-Cale

Calc

Acid

Calc

Calc
-Cale
Calc

Acid :
Calc
Calc'

CCae

Int

Acid

“Acid
Add
‘ oD
oD

Calc

DD
DD
Vuln
Rare

Rare

Rare
DD

DD

DD
Rare
DD
New-B

New-S

- New-B
~ Rare

New-B

‘, End

Vun
Rare |
DD
Rare

- Rare -



(R. aff. cinereovirens)

R. copelandii

R. inarense

R. intermediellum

R. lavatum

R. polycarpum

R. postumum

R. superficiale

Rimularia limborina
(Rinodina confragosa)

R. parasitica

Ropalospora lugubris

‘subsp. sorediata’ ad int.

Sagiolechia rhexoblephara
S. protuberans

Solorina bispora

Spilonema paradoxum

S. revertens

Staurothele succedens
Stereocaulon condensatum
(S. leucophaeopsis)
Strigula stigmatella v. alpestris
Thelidium aeneovinosum

T. fumidum

T. papulare f. sorediatum
Thermutis velutina

Toninia rosulata

T. squalida

Trapelia mooreana

Trimmatothele ct. perquisita
Umbilicaria hyperborea

U. proboscidea

U. torrefacta

Verrucana margacea

Vestergrenopsis elaeina

Low/Mid
Low(Mid)
Low

Low
Low/Mid/High
Low/Mid
Low -
Low

Low

Low

Low

Low
Low/Mid
Low/Mid
Low
Low/Mid
Low

Low

Low
Low(Mid)
Low/Mid
Low

Low

Low

Low

Low

Low

Low
Low/Mid
Low/Mid
Low/Mid

~ Low/Mid

Low/Mid

Low/High

Low/Mid

Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Lich{Sax)
Sax
Sax
Bry
Sax
Terr
Sax
Sax
Sax
Terr
Sax
Bry
Fluv(Sax)
Sax
Sax -

Sax

‘ Sax/Bry

Sax
Sax
Sax
Sax
Sax
Fluv(Sax)
Sax

Fluv(Sax)

Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid

~Acid

Acid(Int)
Acid
Acid
Calc
Calc
Calc
Cale
Cale
Cadle
Acid
Acid
Cale
Acid(Int)
Calc
Calc
Acid(int)
Calc
Cale

- Acid

Cale
Acid .
Acid

~ Acid

Acid
Cale/Int

DD
DD

DD

DD

New-S
Rare
Rare
Rare
Rare
Rare

Rare
Rare
Rare
Rare
Rare
End

Rare

DD
Rare

Vuln
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Taxon Zone Substratum  Base Status  Ranty
Mid-Montane Taxa (103)
Adelolecia pilati'
subsp. pachythalling' ad int. Mid Sax Acid New-S
Allantoparmelia alpicola Mid Sax Acid
Amelia grisea’ ad int. Mid/High Bry(Terr) Acid New-S
(Arctomia delicatula) Mid Terr Calc DD
Biatora cameoalbida Mid Bry Cale VRare
B. cuprea Mid Bry Calc Ext
B. tetramera Mid Bry Calc DD
(B. vernalis) Mid Bry(Terr) (InbCalc ~ Rare
Blatorella hemisphaerica Mid Bry Calc Vuln
Bryonora curvescens Mid Bry Acid(nt) - Vuln -
Bryoria nitidula Mid Terr Acid Ext
Buellia insignis Mid Bry(Terr) Calc Vuln
B. papillata Mid Bry(Terr) Calc New-B
Caloplaca cinnomomea Mid Bry Calc End
C. nivalis Mid Bry(Sax) Int End
Catapyrenium waltheri Mid Terr Cale DD
Catillaria contristans Mid/High Terr Acid
Catolechia wahlenbergii Mid Bry(Sax) - Acid Vuln
Cecidonia xenophana Mid/High Lich(Sax) Acid
Cetraria ericetorum Mid Terr Acid - |
Cetrariella delisei - Mid Terr Acid Rare
- Chromatochlamys = «
- 'geislerioides' ad int. Mid Terr ~Acid New-S
Cladonia bellidifiora  MidHigh  Terr " Acid
C. coccifera s.str. Md ~ Terr Acid Rare
C. maxima  MidHigh  Terr Acid  Vun
Euopsis pulvinata Mid/High Sax/Bry Acid . '
Fnutidelia caesioatra Mid/High Terr'Sax(Bry) Acid
Fulgensia bracteata Mid Terr Cac Vuln
Gyalidea diaphana " MidMigh ~ Fluv(Sax) . Acid = DD
Halecania alpivega (Low)Mid ~ Sax Cale Vuln
H. bryophila Mid Bry(Sax Calc New-S
Hypogymnia intestiniforme Mid Sax - - Acd - End
Lecanora frustulosa Mid Sax Calc

Vuln



L. marginata subsp. elata
Lecidea berengeniana
L. hypnorum
L. limosa
L. luteoatra
L. syncarpa
Lecidella patavina
L. wulfenii
Lecidoma demissum
Lepraria neglecta
Lopadium pezizoideum
Melaspilea sp.
Micarea assimilata
M. cinerea (anamorph)
M. crassipes
(M. marginata (anamorph))
M. incrassata
M. submilliaria
M. turfosa
M. viridiatra
Miriquidica liljienstroemii
M. lulensis
M. nigroleprosa
Nephroma arcticum
Parmelia stygia
Peltigera scabrosa
Pertusaria bryontha
P. dactylina

P, glomerata
P. oculata

Placidiopsis pseudocinerea
Polyblastia gothica
P. helvetica
P. sendtneri
P. terrestris ,
Porpidia ‘confluenta ad int.
P. contraponenda
P.'striatd ad int.
Protothelenella corrosa

Mid Sax
Mid Bry(Terr)
Mid/High Bry(Terr)
Mid/High Terr

Mid Sax
Mid Sax
Mid Sax
Mid Bry(Sax)
Mid Terr
Mid/High Bry
Mid ~ Bry
Mid Sax
Mid Bry(Terr)
Mid/High Terr
Mid Bry
Mid Sax
Mid Bry(Terr)
Mid Bry
Mid/High Terr
Mid/High Terr
Mid Sax
Mid Sax
Mid Sax
Mid Terr
Mid Sax
Mid Terr
Mid Bry
Mid Sax/Terr
Mid Bry

 Mid Sax/Terr
Mid Terr

- Mid/High Bry(Terr)
Mid Bry(Terr)
Mid Bry
Mid Sax/Bry
Mid Sax
(Low)Mid/High |
Mid Sax .

 MidHigh  Sax
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~ Acid

Acid/Int
(Acid)Calc
(Acid)Calc
Acid
Acid
Acid

Int

Cale
Acid
Acid
Calc
Acid
Acid(Int)
Acid
Acid(Int)
Acid
Acid(int)
Acid
Acid
Acid
Acid
Acid
Acid
Acid(Int)
Acid
Acid
Calc
Acid
Calc
Acid
Calc
Acid |

Calc
InYCalc
Acid

Sax

Acid

Acid

New-B
Rare
Rare

New-B
New-B
New-B
Vuln

Rare
New-S
VRare

Vuin
Rare
Rare

New-B
Rare

End

| Vuln

End

Vuln

vDD‘

DD
DD
Vuln
Rare
New-S
Acid
New-S




P. sphinctrinoidella

P. sphinctrinoides
Psuedephebe pubescens
Rhizocarpon alpicola

(R. anaperum)

R.colludens subsp. rufoatrum' ad int.

R. ?cyclodes

R. eupetraeoides

R. expallescens

R. 'sublavatum’ ad int.
R. submodestum
Rimularia sphacelata
Rinodina mniaraea v. cinnamomea
Schadonia fecunda
Solorina crocea
Sporastatia polyspora
- S. testudinea
Staurothele arctica

S. areolata
Stereocaulon alpinum
S. plicatile

S. saxatile

S. spathuliferum

S. tomense
Tephromela armeniaca
Thamnolia vermicularis
(Thelidium minutulum)
Thelopsis melathelia
Toninia coelestina

T. cumulata

T. lusispora

Mid/High
Mid/High
Mid

Mid

Mid
Mid/High
Mid

Mid

Mid
Mid/High
Mid(High)
Mid

Mid

Mid

Mid

Mid

Mid

Mid
Mid{High)
Mid
Mid(High)
Mid(High)
Mid
Mid(High)
Mid
Md
Mid

Mid

Mid

Mid

Mid

Bry(Terr)
Bry(Terr)
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Sax
Bry

Terr

Bry(Terr)
Terr

Sax
Sax

- Sax

Fluv(Sax)
Terr

Sax

Sax

Sax.

Sax

Sax

“Terr

Terr
Bry(Sax)

Sax |
- Sax
Sax

Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid
Cale

- Acid

Acid
Acid
Calc

- Cale

Acid
Acid
Acid
Acid
Acid
Acid
Acid
Acid

Acid

Acid
Acid

-~ Acid
Acid

Calc

' Ca!c’ |
Calc
Calc

New-B
New-S

VRare
New-S
New-B
DD
End
Vuln

Rare
VRare
DD
Vuln
Rare
Rare

- Rare

Rare

Rare

Vuln
Vuln
Rare



Zone Substratum  Base Status  Rarity

Taxon
High-Montane taxa (12) |
Amelia andraeaeicola’ ad int. High Bry(Sax) Acid New-S
Bellemerea alpina High Sax Acid End
Cladonia phyliophora High Bry(Terr) Acid Rare
C. stricta High Terr Acid Vuin
Lecanora leptacina High Bry(Sax) ~ Acid Rare
Lecidella bullata High Sax Acid Rare
Micarea marginata High Sax - Acid Rare
M. paratropa (Mid)High  Sax Acid
Miriquidica grisecatra High Sax Acid Rare
Rhizocarpon cinereonigrum High Sax Acid New-B
R. jemtlandicum High Sax Acid Rare
Toninia squalescens (Mid)High ~ Bry(Sax) Acid
TOTAL MONTANE TAXA 287
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Table 3-2. Upland/Low-montane lichens Occurring in the British Isles.

Absconditella sphagnorum
Agonimia tristicula
Amyagdelaria pelobotryon
Bacidia sabulatorum
Baeomyces rufus
Belonia incamata
Bryophagds gloeocapsa
Bryoria bicolor

B. fuscescens

B. nadvimikiana

Buellia leptocline

B. uberior

Caloplaca flavovirescens
C. cf. vitellinula
Carbonea vorticosa
Catillaria scotinodes
Cetrarnia aculeata

Chromatochlamys ‘confusum’ ad int.

Cladonia arbuscula
C. ciliaris

©var. lenuis
C. coccifera aggr.
C. cyathomorpha
C.deformis
C frag'ilissima‘
C. luteocalba
C. metacorallifera
C. rangiferina
C. strepsilis
C. sulphurina
~ C. uncialis
Claurouxia chalybeioides
Collema dichotomum
C. flaccidum
C. glebulentum
Dibaeis baeomyces
Ephebe hispidula

E. lanata
Fuscidea austera
F. mollis
F. praeruptorum
F. recensa
Gyalidea hyalinescens
Lecanora cenisia
Lecidea auriculata
L. commaculans
L. confluens
L. diducens
L. inops
L. lapicida
L. pycnocarpa f. sorediata
L. siderolithica
L. phaeops
lemmopsis sp.
Lempholemma botryosum
L cladodes
Lepraria caesioalba
Massalongia camosa
Micarea peliocarpa
Mniacea jungermanniae
Ochrolechia inaequatula
O. lartarea

f. sorediata’ ad int.
Peltigera leucophlebia
Pertusania lactescens

- Placopsis gelida s. lat.

Placynthium tantaleum .

" Polyblastia gelatinosa

Porina guentheri

var. lucens
P. intergungens
Porocyphus coccodes
P. kenmorensis
Porpidia flavicunda
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P. glaucophaea

P. melinodes

P. speirea

Protoparmelia picea
Pterygiopsis coracodiza
Pyrenocollema strontianense

Rhizocarpon ‘caesium’ ad int.

R. ‘colludens’ ad int.
R. geographicum

R. petrasum

R. simillimum

R. umbilicatum
Rimularia badioatrum
R. gynizans

R. intercedens

R. mullensis

Rinodina fimbriata

R. interpolita
Stereocaulon vesuvianum
Tephromela aglaea

T. pertusarioides
Thelidium papulare

T. pluvium

T. pyrenophorum
Toninia lobulata

T. thiopsora

Trapelia obtegens
Trapeliopsis gelatinosa
T. wallrothii
Umbilicaria crustulosa
U. cylindrica

U. deusta

TOTAL UPLANDAOW-MONTANE TAXA: 105
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32 ECOLOGY AND DISTRIBUTION
3+2+1 Introduction

When considering the distribution and ecology of montane lichens it is important to bear in
mind ‘the statement of Barry (1992) quoted in section 1+4+2, 'Local contrasts of slope angle
and orientaticn give _rlse to such large variations in local climatic conditions that it seems
doubtful whether the concept of a 'regional mountain climate' has much Validlty or value. ltis
more meaningful to describe the typical range of climatic elements produced in particulak
topographic situations according to the type of air-flows that occur, bearing in mind the major

controls of altitude, latitude and continental location.’
In this study 'distribution’ is taken to be the effectc of Barry's 'three controls' whereas

‘ecology’ is the effects of the"panicular topographic situations’. This is an artificial distinction
as distribution pattems are créated by species favouring the different ccological conditions
created by altitude, latitude and continental localion. The other major factor which affects
distribution, geology and in particular the base status of the substratum, confirms this as it is

clearly an ecological control but has a significant effect on lichen distribution.

3-2-2 Ecology

ltis lmposmble to over-emphasize the |mportance of mlcro-enwronment in lichen
ecology. uchens do not have the nutnent-absorblng root system of vascular plants and,
consequently, have a more intimate relationship with their immediate envu'onmenl The very
precise'environmenlél redulremerﬂs of many lichens means that minor changes inthe hébltal
ie.a sllght depress:on in a rock surface or a seepage track, results in a completely dllferant
~ lichen commumty Thls makes them excellent lndlcators of micro-environments.

The ecological factors affectmg the small-scale habltat preferences of lichens are
numerous, poorly understood and llttle studied. They are the provincc of the physicloglcal |
- ecologist (Kershaw 1985) so are Ialrgely outside the scope of this study although some are
dealt with to a limited extent here and in Chapter‘4. S .

Measuring the environment of these micro-communities is extremely difficult,
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consequently, the relationship between changes in environmental conditions and lichen
communities is not fully understood. Standard meteorological measurments are made 1-2
metres above the éround where conditions are often vastly different from the actual operating
environment of the lichen. The thermal properties of the boundary layer result in thallus
temperatures of lichens that grow entirely within this zone being considerably higher than
standard meteorological measurements would suggest. These higher thallus temperatures
are little affected by latitude or elevation, and arctic or alpine crustose or adpressed foliose
lichens in the boundary layer will commonly experience thallus temperatures which are more
typical of lowland temperate or tropical air temperatures. Secondary modifications of thallus
temperature can further be induced by dark cortical pigmentation, effectively lowering the
thallus albedo, and elevating thallus temperature. This appears to be an effective means of
maximizing carbon assimilation during snow-melt conditions in arctic and alpine species
(Kershaw, 1983). A dissected thallus will also aid water uptake, as this Is directly related to
the area/weight ratio of the lichen thallus, and the sooner the lichen will be able to commence
metabolising. |

The net optimal temperature for photosynthetic rate of arctic lichens is not necessarily
lower than that of tropical ones. It also depends on the micro-climate of the lichen (boundary-
layer effect etc.) and the temperature at the time when the lichen will be metabolically active,
i.e. when moist. Most lichens can survive extended penods of both high and low
- temperatures when in the dry state a!though this may vary between specues and usually
depends upon the normal operating conditions of the lichen. However, remstance when wet is'
far lower and there is also more» variability within individual species depending on the time of
year. The ability of lichens to lose water rapidly is therefore important for surviyvalkin montane
environments where the operating témperature of the Iichén is liable to rapid change. The
ability to take up water rapidly is also important as It énablés lichens to tgke quick advantagé
of favourable conditions which may be short-lived in the 'un'stablé environment that exists in

these areas. Thls ability of lichens Is one reason why they form alarge percentage of the |

Vegetatnon in montane envnronments
- The evolutton of an effectlve lichen thallus appears tobea compromlse between the
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provision of an efficient moisture-holding structure for the normally aquatic algal component,
and one which does not at the same time limit free gas exchange (Kershaw, 1985). In
general, species with a Iow' optimal thallus saturation level for maximum net photosynthesis
tend to inhabit xeric environments while those which show little decrease in photosynthetic
rate with increased thallus hydration inhabit more mesic ones. However, this can be modified
by thallus structure and morphology (tomentum, finely divided théllus, gelatinous thallus,
Cyphellae/cortical cracks etc.) so that species with widely differing ecological requirements
have a similar photosynthetic response curve with increasing thallus hydratiqn. Lichens differ
widely in response to extremes of thallus hydration. Rhizocaron geographicum is killed by 2-
3 days immersion in water but can survive tota! desiccation for prolonged periods whereas
Vermcaria elacomeleana (?funki) can survive prolonged periods of total immersion but is
soon killed by desnccatlon |

Nitrogen-fixation by cyanobactena depends upon a number of envnronmental factors
causing large seasonal and diurnal fluctuations. The most critical of these is illumination but
this is required only at a relatively low Ievél and provided this is satisfied then thallus hydration
has the most effect on the rate of nitrogenase activity. | Significantly, cephalodia are invariably
dark coloured as are many lichens with cyanobacteria as photobiont (e.g. Collema,
Leptogium, Placynthium). Temperature has little d’irect effect but, és it affects evaporation, it
has an effect on thallus hydratioh and thus on the rate of nitrogen fixation. Bright sunshihe is
not required bui cover by snow will stop nit_rbgenase activity. Consequently}, Iichéns
containing cyanobacteria, either as their main phbtobioht orin cephalodia; will irihabit damp but
well ilIumihated habitats. | Of the ’29 species identified }by Gilbert et al, (1992) as Character or
Selective snow bed spéciés horie‘have cyanobacteria as their main photobiont and only two,
Solonna crocea and Stereocaulon spathul/ferum contain cephalodna (although two other
M/carea paratropa (as M. subwolascens) and Stereocaulon tomense are usually assocxated
with colonies of cyanobacteria). 3 |

- An example of the effects of small scale envnronmental changes and of ' parbcular
topographic situations', on lichen distribution is shown by the stratification of lichens on the

‘ “hear-vertical, south~west facing (windward) sides of low granite boulders on the summnt of
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south-west facing (windward) sides of low granite boulders on the summit of Cairngorm (Fig.

3+1).

Figure 3*1. S-W face of boulder near summit of Cairngorm
showing lichen zonation; bare rock lowest zone, dark
Umbilicaria torrefacta zone, yellow-green Rhizocarpon zone
and upper zone dominated by pale-grey Umbilicaria cylindrica,

Lecidea and Porpidia species.

The part of these boulders closest to the ground is completely devoid of lichen growth,
above this is an area dominated by the dark-grey/black thalli of the foliose lichen Umbilicaria
torrefacta followed by a broad yellow/green band of Rhizocarpon subgenus Rhizocarpon

species,while the sub-apical slope and brow of the boulders are dominated by the pale-grey
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thalli of Umbilicaria cylindrica and species of Lecidea and Porpidia. These boulders are rarely
more than 0.5m high and those that exceed this height do not support this distinctive
stratification.

The environment in which these boulders occur is particularly harsh, with frequent very
strong winds (Dybeck & Green 1955; McClatchey 1996) so although the area is over 1200m
altitude it is largely swept clear of snow for much of the winter and exposed to the severe
abrading effects of air-bome granite gravel which covers much of the surrounding plateau.
Wind speeds near the ground are much lower than those recorded even at 1m (Warren
Wilson 1959; Gieger 1966) and the large number of low boulders in this area will further disrupt
the air-flow. Itis, therefore, likely that a small wedge of snow will accumulate for some
Considerable time against the lower parts of these boulders and this, together with the strong
abrading effect of grave! caught in the pockets between the boulders, will result in the absence
oflichens from the lowest zone. Warren Wilson (1959) showed that the highest wind speeds
Occur on the brow of an obstruction; consequently, this will be the first area swept clear of
Snow. However, it was‘reported by Larson & Kershaw (1975) that in a lichen-heath
Characterized by a system of shallow ridges and trenches the pale thalli of Cetraria nivalis
and Cladonia alpestris tended to occupy the trenches, where the snow would lie longest, while
the dark coloured thalli of Bryocaulon divergens and Bryonia nitidula favoured the ridges,
Which would sooner be swept clear of snow (although the pale coloured Alécton’a ochroleuca
also favoured ridge tops). They hypothesised that Bryoria nitidula was restricted to ridge tops
‘ aS, in order to achieve a net yearly carbon balance, it needed to photosynthesise during the
Cool temperatures of spring in order to oﬁéet the net res‘piratory losses in the higher
temperatures later in the year. They also noted that the dark pigments produced by the thalli
of Bryoria nitidula absorb heat from the incident insolation and form 'melt-holes’ in the snow
allowing the lichens to photosYnthesise earlier than would é pale Species in a similar positiori.
Pale coloured lichens are not as seriously affected by high summer temperatures and are
able ‘to tolerate the shorter growing season caused by prolonged snow-cover in the hollows.

It would abpear that the situation on Caim Gorm is the reverse of this with the darkest

lichens at the bottom of the zonation. However, dark thallus pigmentation is of valugin
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melting a thin layer of snow and, given the regularity of high wind speeds on the summit of
Caim Gorm, this is probably all that will be present. It is possible, therefore, that restriction of
light penetration due to prolonged snow cover, with a consequent shortening of the growing
Season, is responsible for this lichen zonation. However, it is interesting to note that the

colour zonation - dark, green, grey - is similar to the better known - black, orange, grey - found
on south-facing sea shores (Ferry & Sheard 1969; Fletcher 1973a & b), although completely
Unrelated species are involved. No satisfactory explanation has been advanced for the
Zonation on rocky shores but it is possible that the dark colouration of the lichens at the lowest
level of both stratifications is an adaption to damp conditions, either from periodic immersion in
Water or prolonged exposure to snow.

The presence of the Rhizocarpon species in an intermediate position is probably a
response to the elevated levels of ultra-violet rédiation which occur at high altitiudes. The
Yellow-green colouration of these lichens is due to the presence of rhizocarpic acid in the
thallus, a chemical which is usually considered to give the plant some protection against ultra-
violet (UV) radiation (Galloway 1993; Rikkinen 1995). Protection from UV is required more
by lichens growing on the south-west sides of boulders than those growi}ng on the tops as the
former will still be damp and photosynthetically active duriné the hottest part of the day when
insolation levels are highest. Lichens occurring on the tops of the boulders will be able to
Survive without such protection as they will be dehydrated and dormant at this time. |

Other examples of the micro-ecology of lichens are given in the Appendix where the

Precise ecological niches occupied by two very rare montane lichens are described in detail,

3+2-3 Distribution
3-2:3+1 Introduction
Distribution pattems of montane lichens are usual!y illustrated by 'dot maps These show the
areas (usually 10 km squares) from which a partlcular taxon has been recorded butnotits
felative abundance or its habitat whlch can result in a distorted picture. This prob!em is
Qreatest with rare or very common species, as with taxa having an intermediate frequency the -

Spread of records alone is usually sufﬁcsent to represent the true dtstnbunon Where a taxon
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has been recorded from only a few squares or, altematively, from almost every one then its
relative abundance within those squares and the ecological niche it inhabits becomes
important in determining its distributional tendency. This is illustrated by the maps of
Miriquidica nigroleprosa and Orphniospora moriopsis (Fig. 3+2) both of which show scattered
distributions throughout the Scottish Highlands with no oceanic or continental bias. In fact,
both species are frequent in the Caimgorm mountains but extremely rare elsewhere and,
consequently, have a distinctly continental distribution. Similarly the map for Rhizocarpon
caesium ad int. (Fig. 2¢11) shows an oceanic distribution with three outliers further east. What
it does not show is that the oceanic records are from dry, slightly basic rocks whereas those
from further east are from semi-inundated, siliceous rocks.

In spite of these disadvantages 'dot maps' are still the best, readily available, indication of
Species distribution and are used to illustrate various distribution patterns in the following
discussion aithough, for the reasons given above, rare or very common species are generally

avoided.

3-2-3-2 Factors Affecting Distribution |

Barry's 'three controls' were also identified by Brown et al. (1993) as explaining most of
the variation in plant community distribution throughout the Scottish Uplands. Using canonical
Correspondence analysis (CCA) they found that oceanicity was the most important of the
three, followed by altitude and then latitude. Although, in ’reality, it is:difﬁcult to separate the
effects of the three factors as ‘they are all interconnected, and the resulting distribution pattem
is often a cumulative result of effects from various sourées, this is the order in which they will |

be discussed here.

Oceanicity - It is unrealistic to ekpect lichens to show clear cut-distribution patterns in an area
as small as the British Isles. The range of habitats is such that, for inStancé, tne‘ﬂat summit

Plateau of Aonach Mor in the western Highlands sunports a comparatively 'éontinentél' - |
 Vegetation whereas the coire on the northem side of Glas Maol, on the East—Perthshire/Soﬁth
Aberdeenshire border, has a distinctly ‘oceanic’ one.‘ This is conﬁrmed by the presence df
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Cladonia maxima on the former (Fig. 3+3) and Stereocaulon plicatile and Rhizocarpon
anaperum in the latter (Fig. 3-4). However, many species do exhibit distinctly continental or
oceanic distributions (see Table 3+4) with those confined to the eastem mountains largely
being terricolous and those confined to the westem mountains saxicolous. Some of these
show a strongly continental (e.g. Alectoria ochroleuca, Cetrarielia delisei, (Fig. 3+5), Cladonia
stricta) or oceanic distribution (e.g. Chromatochlamys 'confusum’ ad int. (Fig. 2+5),
Coccotrema citrinescens and Toninia thiopsora (Fig. 3+6)) whereas in others the eastem (e.g.
Alectoria sarmentosa subsp. vexiliifera (Fig. 3+7)) or westem (Placopsis gelida, Trapelia
Mooreana (Fig. 3+8)) tendency is less pronounced.

The most obvious overall effect of an oceanic climate is that the montane zone extends
to a much lower altitude. This is well illustrated by Ratcliffe & Thompson (1988) who give the
altitudinal ranges for sub-montane Calluna vulgaris heaths at three sites across the Scottish
Highlands (Table 3-3).

Table 3-3. Altitudinal Ranges of sub-montane Calluna vulgaris heath across the Scottish
Highlands (from Ratcliffe & Thompson 1988).

——

Site Altitude (m.)
The Cullin 200-730
Creag Meagaidh 600-900
Lochnagar ' 740-1100

———

The implcations of this are that the relatively low altitude of the Brtish mountains is less
ofa restﬁcﬁon to thé develobment of an extensive montane vegetation in the West than in the
east. The Cullin reach an altitude of 1009m and Creag Meagaidh, which has a relatively |

‘OcCeanic vegétation, 1130m which implies that there is 279 and 230m respecti?ely of montane
habitat above the highest sub-montane vegetation. Although Lochnagar is higher at 1154m
the amount of land above the highest sub-montane v‘egetation is far less at 54m.
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These can only be rough calculations as topography plays an important role in
determining the altitudinal limits of vegetation and true montane vegetation does extend well
below 1100m on Lochnagar. Topography also means that the rounded summit of Lochnagar
probably supports more land above 1100m than the pointed peaks of The Cullin do above
730m. However, the figures indicate that the summit of Lochnagar is only marginally montane
whereas those of The Cullin and Creag Meagaidh are well within that zone and, consequently,
would be expected to support a better developed, more diverse montane flora.

The effects on the climate of the British Isles of its extreme oceanic position were
discussed in section 1+4+2+1. Briefly they are:-

a) high atmospheric humidity and precipitation (mostly falling as rain).
b) high winds.

¢) low seasonal variation in cloudiness and temperature.

d) high altitudinal temperature lapse-rate.

Ecologically the most important of these is high atmospheric humidity and precipitation.
High precipitation results in an almost permanently water-logged soil in the westem mountains
Which is, consequently, extremely unsuitable for lichen growth.» There is, in general, a shift
from terricolous to saxicolous as the preferred substraturh in oceanic areas, expressed in
both percentage cover and species diversity. Certain species which are strictly terricolous in
the east become saxicolous or grow over bryophytes on rocks further west (e.g. Cladonia
SPp., Pertusaria oculata) as these provide better drained conditions Some corticolous
Species with a continental distribution (e.g. Chaenotheca furfuracea, Lebahactis abietiha, :
Mycoblastus caesius, Thelotrema Iepadinurh) also becomé saxicolous in uplandﬂow-montane
OcCeanic areas (Fryday 1993, Fryday & Coppins 1994, Gilbert & Fryday 1996). Although the
reasons for this are less clear they are probably also related to a better drained substratum

Another important consequence of an oceanic climate wh:ch affects lichen drstnbutxon is
the formation and ablation of snow-beds. Information on the actual amount of snow-fallin
Particular areas is hard to come by; most studies deal with precipitation in general or are
Concerned more with length of snow-lie. ltis difficult to dzscover therefore, whether more -

Show falls in oceamc or contmental areas as a!though prec:pxtaﬂon is hlgher in tha former the
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milder climate will result in more of this falling as rain. What is certain is that the topography of
the oceanic mountains is not conducive to the formation of deep snow-fields. Snow-beds are
usually formed in north-east facing hollows and on slopes where snow accumulates after
being blown from extensive, exposed summit plateaux. As the oceanic mountains are

mostly devoid of rounded summit plateaux deep snow-beds are rarely formed. Probably the
best example of an oceanic snow-bed is that on Beinn Dearg (West Ross), a mountain which,
Untypically, has an extensive summit plateau. The other factor acting against long lying
Snow-beds in oceanic areas is the high atmospheric humidity in these areas which causes
Snow to melt far more quickly than in continental areas (Geiger 1966). This subject is dealt
with more fully in Chapter 5.

The consequence of this for lichen distribution is that although the distinctive assemblage
of saxicolous lichens faithful to areas of prolonged snow-lie in the British Isles (e.g. 'Amelia
andeaeaicola ad int., Lecanora leptacina, Lecidella bullata, Micarea paratropa, Miriquidica
grisecatra, Rhizocarpon jemtlandicum, Toninia squalescens) appears to tend towards a
Continental distribution, this is a result of the distribution of areas of prolonged snow-lie and the
distn'buﬁon of the assemblags, if not the individual species, is distinctly oceanic. However,
Micarea paratropa, which is locally frequent in the westerri ‘Highlands but has not been
fecorded from the Caimgorms and is only otherwise known from two records from Norway,
does appear to have a distinctly oceanic distribution. This also applies, to a lesser extent, to
Stereocaulon tomense and Toninia squalescens, both of Which are rare in fhe Caimgorms but
are more widely distributed in westem Scotland and Scé.ndinavia. "Amelia andreaeaicola also
appears to have an oceanic distribution as, in spite ofa bias towards eastem sites in the
British Isles, itis apparently unknown in Scandinavia and has only otherwise been recorded
from British Columbia, which élso has a highly oceanic climate. ‘ | |
The distribution of other members of the assemblage in Scandinavia suggests that whereas o
the individual species may have a continental distribution the assemblage a“s'a whole has a
distinctly oceanic one. Santesson (1 993) gives a northem distribution with no éast or ffvest = |
bias for all the descn'bed species (excépt M. paratropa) and makes no menﬁén of Snow-ﬁelds :
in their habitat preferences, and Creveld (1981), almough'mentioning many of the individual S
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species, makes no mention of the assemblage.

It is commonly believed that bryophytes are more frequent and important in the wetter
west of the country and lichens more frequent and important in the drier east. This may be
true when viewed from the perspective of a vascular-plant ecologist as lichens are more
frequent and important as a structural element of the terricolous vegetation in eastemn areas.
However, it is important to remember that although we generally refer to 'oceanic' and
'continental’ areas of the British Isles, even those areas with the most continental climate are
still ‘'oceanic’ when viewed on a European scale (cf. Fig. 13). ltis the lichen-rich Calluna
Vulgaris heaths that are of particular interest as these are 'virtually unique to the British Isles’
(Thompson & Brown 1992) and are viewed as a distinctly oceanic vegetation type. The
terricolous lichen vegetation associated with Calluna vulgaris heath is best considered as a
fragmented, species-poor outlier of that present in Scandinavia and, consequently, is of only
national interest. Conversely, the saxicolous lichen vegetation of the hyper-oceanic
Mountains of the westemn Highlands is far more important both intrinsically, with a number of
rare and apparently endemic taxa (Table 34), and as a major contributor to the botanical bio-
diversity of the montane ecosystem.

. Table 3+4 lists montane species considered to have ‘éither a pronounced Continental or
Oceanic distribution in the British Isles. The continental list has 13 taxa, including the extinct,
and doubtfully British, Bryoria nitidula, wheréas the Oceanic list has 33, inciudes a number of
Species which are either endemic to the British Isles (e.g. Gyalideopsis scotica, Stereocaulon
Plicatile) or extremely rare elsewhere (e.g. Coccotrema citrinescens, Micarea paratropa, -
Stereocaulon torhense, Trapelia mooreana) and 7 undescribed taxa. In addition most of the
'Unidentified taxa’ mentioned in section 212 which are not well enough understood to be
included in Table 3+1 also appear to have an oceanic distribution. | |

| The vegetation of the British mountains is often considered to be either a depauperate'
outlier of that of the rest of Europe or intermediate between the high-latitudenow-éltitude - }
(arctic) and the Iow-latitude/high—altitude (alpine) types. Frém the abové discussibn’i’t can be E
Seen that the lichen vegetaﬁon of the hyper-oceanic mo{jntains of westemn Scotiand is

distinctive and intrinsically important and deserves to be treated as a separate type Which o
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occurs nowhere else in Europe and possibly the world.

Table 3+4. Montane lichens considered to have either a pronounced Continental or Oceanic
Distribution in the British Isles.

Continental
Alectoria ochroleuca C. stricta
A. sarmentosa subsp. vexillifera Hypogymnia intestiniforme
Bryoria nitidula Ochrolechia xanthostoma
Cetrania ericetorum Parmelia stygia
C. nivalis Pseudephebe minuscula
Cetrariella delisei Umbilicaria hyperborea
Cladonia maxima

Oceanic
Aspicillia recedens Placynthium fiabellosum
Caloplaca obliterans Porina guentheri
Catolechia wahlenbergii var. lucens
Chromatochlamys confusum ad int. Porpidia superbat. sorediata ad int.
Claurouxia chalybiecides Rhizocarpon anaperum
Coccotrema citrinescens R. caesium ad int.
Collema glebulentum ‘ R. simillimum
Gyalideopsis scotica Rinodina fimbriata
Lecanora achariana Ropalospora lugubris
L. atromarginata | subsp. sorediata ad int.
Lecidella aff. asema Stereocaulon plicatile
?Lemmopsis sp. S. tomense -
Lithographa tesserata Toninia thiopsora
Micarea paratropa Trapelia mooreana
Phagophyscia endococcina : Trapeliopsis wallrothii
Pilophorus strumaticus =~~~ Vestergrenopsis elaeina

Placopsis gelida s. lat.

S ———

Altilude - As shown above, altitude is only a rough guide as to the vegetation which will oceur
at a specific site; the effects of altitude are strongly modified by topography and continental
Pasition, However, it has the advantage of being an easily measurable parameter and, =
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provided its inherent inaccuracies are taken into consideration, a very useful one.

The effects of increasing altitude have been discussed in section 1+4+2. Briefly these
are:-

a) higher precipitation with a greater proportion falling as snow
b) lower temperatures and greater incidence of frosts
¢) higher wind speeds

These combine to produce a much harsher climate than at lower altitudes. Of particular
importance for lichen distribution is the lower temperature and greater incidence of frost which
lichens, as a group, are more suited to survive than most other plants (cf. section 5¢1¢2).
Consequently, lichens are particulady important in montane areas and form a high percentage
of the plant bio-diversity.

An attempt has been made in Table 31 to assign all British montane lichens to the
System of sub-zones characterized by vascular plant communities (Rodwell, 1991 onwards).
As discussed in section 3+1+1, this works well for terricolous macfo—lichens which form a
Structural part of the vegetation but less well for terricolous micro-lichens and all saxicolous
ones. | |

As there are few, if any, 10km squares containing higH- or mid-montane vegetation which
do not also contain low-montane areas, ‘dot-maps’ of species assigned to the various
Montane sub-zones accurately reflect the distribution of high-ground. if this we}re not the case
then the map fdr a Iow-monténe species would not indicate all the‘aréa with land ‘above this
level, Consequently, the maps for low-, mid- and high-montane Spécies show a progressive
feduction in the areas covered, each one being contained within the former. This can be seen
in Fig. 3+9 which show the maps for Ophioparma ventosa (upland/lowjmontane), Comiculaﬁa
Normoerica (low-montane), Pseudephebe pubescens (mid-montane) and Lecanbia Iéptacina'
(high~montane).' The difference can aléo be seen between species of the Saﬁwe kmontane sub- |
Zone but with different habitat reqﬂirements. Pseudephebe pUbéscans (Fig. 3+9¢) grows on :
exposed siliceous rocks and is fairly widespread throughout the montane areas of the Britiéh f
Isles, whereas Solonha crocea (Fig. 3+10) is confined to darﬁp soil, so is far more restrictéd ih ,

its distribution, tending to avoid the drier southem and eastem areas.

-232-



a0 e .ﬁ
. i
PN

2re ooy by

UTM g nm <
a.
f o \

2rm o Lo

<

e 2
472 \ %{{‘.
T
CORNI NORM - RE
i 53:5
- k2 Ja
5 |
il 1/
= =
N == il - /7 1
=0 2

T Gyt G5 S Laben Senmny

_ mrmoenca (tow-montane)

Capyngs 5 St Lagvas. Sty

e Fﬂm 3-9. Distribution maps of hdwens w\abftxng montane sub-zones; a) Ophioparma ventosa (upland/low-montane, b) Comiculana



660

LECANORA

A
i )
1N
N3
ilﬁ
[
4%

LEPT e

¢
2
J

AN
i
Yoo |
3

“B{f \

‘“

\
6
A
isizﬁ
1
3],
735!2:{\

|
Q\ q
y

y )y
ng%{

N

[ Chon Mnsly:

T
4

] o } . : rfq\ A /‘g [] o

\ s, TN i ' - e
- e . 8 e N
g ’ a m‘&‘ . Gé:r—“"ﬁj ’ T ) ] _—;.—';I G\/j:'-’\}

tha ki . . . - 1 Fu 17 b

m-uqn—u_—u- o . d . 4 5 L S :

| = Hg.re 3-9. Dzstnbubm maps of bchens lrhabmng montane sutrzones c) Pseudephebe pubescens (mid-montane, b) Lecanora
i ;,leptac:na(h@%montam) .



0 2 4
o1 :
HX
" A3
HW N2
1329 fg SSWW j i
9 ¥ gee Va 0 4
Pt % BN o0 ‘
- ¢ ..E.O L~~~ )
d o0 > Nt
SOLO CROC D .: . .
8 5 Py _g00e o I3
A A P 7% C g
1 i y “’ﬂ 2.0° 0 %b
- .‘oo '3 42 L

2]

:‘::nmmllm ) 1 AP ,_V/ 1
od on @)
UTM grid JWA ¢ o r—J ‘
HW
a
3Febtper Lo 12 — R T DUTUUTTL SUUTTUUTE TUUSTTIN ¥ e T o
Copyright (C) Brltish Lichen Society F 3 4 o € N

Figure 3+10. Distribution of Solorina crocea, a mid-montane lichen cdnﬁned to damp sbils.



Latitude - The main effect of increasing latitude is a decrease in temperature, although
increasing day length during the warmer summer months may also be significant. The effects
of this on lichen distribution are difficult to separate from those due to altitiude although
species usually considered as montane in the British Isles which occur at, or near, sea-level
in northem Scotland (e.g. Brigantiaea fuscolutea) fall into this catagory (Coppins et al. 1986).
The position of others, which have been recorded in the British Isles only from high-altitude in
Scotland and are absent from other montane areas further south, is less clear. All the high-
montane (snow-bed) species of Table 3¢1 fall into this group along with a number of mid-
montane species, some of which are relatively widespread and frequent in Sotland (e.g.
Euopsis pulvinata, Lecidea luteoatra, L. paupercula, Pertusaria oculata, Rhizocarpon
?cyclodes, R. sublavatum ad int., Solorina crocea and Stereocaulon saxatile) and their
apparent absence from the other montane areas of the country is unexpected. The lower
latitude of these other sites is probably a more important factor than their generally lower
altitude although a combination of both factors may be involved.

Conversely, some species (e.g. Rhizocarpon reductum) reach a high altitude inthe
mountains of North Wales (Fryday 1995, 1996) but are cpnﬁned to lower altitudes in Scotland.
R. reductum has been recorded from the area on Camedd Llewelyn which supports the
longest lying snow-bed in the British Isles outside of the Scottish Highlands where it performs
its usual role as a colonising species of siliceous rocks. It also performs this function at low
altitudes in the Scottish Highlands, but is almost unknown in the montane zone where it is
feplaced by R. ‘sublavatum’ad int. . | -

Geology - Studies of the factors affecting the distribution of hmtane vascular plants and
,‘Communities usually find that geology has little influence, with the notablg exception of base-
rich rocks (Ferreifa 1959, McVean & Ratcliffe 1962, Brown et al. 1993). ‘The‘ séme is, in |
general, true for lichens (Foote, 1966, Yarrington & Greeh, 1966, Wohg & Brodo, 1973, . ,
Hoffman et al. 1974, Armstrong, 1978, Bates 1978). Although the detailed investigation ofan
area usually reveals a correlation between different rock facies and the lichen vegetation |
(Degelius 1956, Wirth 1972, James, Hawksworth & Rose 1977, Pentecost 1 980) these are
felated to petrological factors rather than the geology (age) .of the rock . Pentecost (1 980)‘} .
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suggests that the most important intrinsic factors responsible for this are the 'concentration of
dissolved nutrients and inhibitory substances, porosity and water-holding capacity of the
Substratum, and microtopography.” Some species appear to grow more frequently on a
particular rock type (e.g. sandstone, basalt, mica-schist) but this is a preference for the
physical characters of the rock surface (texture) as they mostly show a preference for fine-
grained, coarse or schistose rocks in general.

The mineral composition of a rock can have a significant effect on lichen distribution,
most noticeably those which are rich in heavy-metal ions, especially copper and iron (Bates
1978, Purvis & James 1985, Purvis & Halls 1996). Lichens have also been used to separate
rock types which are indistinguishable geologically in the field (Boyle et al. 1987).

The physical characteristics and chemical composition of a rock are far more important
in determining the lichens it will support than its age or type and by far the most important
character which significantly affects lichen distribution is its base content. Even heré it has
been suggested by Larson (1980) that other factors which separate basic rocks from
siliceous ones (substrate solubility, fexture hardness and aspects of the rock;s heat balance)
may also be of lmportance in addition to chemlcal composmon

- It appears to be pnmanly the degree of basicity and the physucal charactenstlcs of the
rock which determine its lichen vegetation. Although Lecanora frustulosa has the centre of its
British distribution on the Ben Lawers NNR, where it is comparativéiy frequéht on calcareous
mlca—sch:st rocks, there are also recent records from calcareous conglomerate in Glen Coe
and basalt at The Storr on the Isle of Skye. Another example is Gyal:deops:s scotzca a
British endemic specnes, first discovered overgrowing bryophytes on the epidiorite of Ben
Hope in northem Sutherland but which has subsequently been oolrtected from Cambrian
| limestone at Inchnadamph, fucoid-beds at Beinn Eighe, calcareous mica¥3chist dn Ben
Lawers and Caenlochan, calcite-felsitic tuffs in the Lake District, andesute in North Wa!es and .
calcareous Old Red Sandstone and Carboniferous limestone in the west of Ireland

The distribution pattern of ‘many calcicole lichens corresponds to the dnstnbutlon of base
rich rocks (e.g. Agonimia tnshcula, Fig. 3-11). However, some specues wh:ch are usually .

Considered to be calcifuge show a distinct requirement for a base-enriched substratum as
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they approach the southemn extremes of their range. This phenomenon also occurs in
vascular plant distributions where species such as Armena maritima, Minuartia sedoides and
Silene acaulis are frequent in acidic montane heaths in Scotland but are restricted to more
base-rich habitats further south. Ferreira (1959) attributes this to reduced root competition in
montane heaths although this cannot be the case with lichens as they have no root system.
McVean & Ratcliffe (1962) suggest that the increased incidence of wind-bome salt-spray in
the north-west Highlands is responsible although this is also unlikely as the three plants also
occur in montane heaths in the Caimgorms. It is more likely that some degree of nutrient
enrichment is required to off-set the disadvantages for the plant of occurring in a sub-optimum
habitat. A number of lichens which are fairly frequent in base-poor habitats in Scandinavia
have been recorded only from substrata enriched by run-off from basic areas in the British
isles. An example of this is Nephroma arcticum (see Appendix) but Aspicilia melanaspis and
the recently discovered Phylliscum demangeonii are also good examples, both having been
recorded in the British Isles only from upland quartzite rocks that are periodically inundated by
a base-enriched stream in the north-west Highlands.

Other ekamples of this phenomenon are the apparenj( restriction of Caloplaca nivélis and
Micarea crassipes in the British Isles to the calcareous rﬁica-schists of the Ben Lawers range
and the distribution pattern shown by species such as Phaeophyscia endbcoccina (Fig. 3-12)
inthe Britisﬁ Isles. This species, which is reétricted to the upper surface of’ﬂat rocks by 4
Water, is frequent on both base-enriched and un-enriched rocks in the north-west Highlands,
but further south has beenv recorded only from base-rich rocks on Ben Lawérs, inthe

Caenlochan/ Glen Clova area and in the English Lake District.

- 239 -



g
ot

1669

R

a0
R

. ./f

%%&

=5

ENDOCO

7 ( .
b N = «0
v -]
L.____‘__.._’." 74 o
o = |4

PHAEOPH G
*

7 z Lor 7 -
”57 -cséﬂ.\ § L -
f C>§
8 2 M\ 4
5 » p . %
-
E 4
~, 21\4’@ ? )
/ ;> 3
i\\: :ﬂe’\\‘ﬁ/) 4 2
9 0 '[ £ ’ ;
g::n.:nmhndn - 1 V r—-—’>-_§" R (/"
on s
UTM gri Jwa . ‘ \ B
grid W fom %H\}f”\‘\‘
a \ :
ora ooy b x4 . NUUTUVE SEURUUTINE CORUUOUUN PZediy
Copyright (C) British Lichen Society S . F k 4 - ¢ 0

Flgure 3-12. Distribution of Phaeophyscia endococcina, a lichén which oceurs on acid rocks
in the north-west Highlands but is restricted to base-rich rocks further south.



3-2-4 COMPARISON OF THE LICHEN VEGETATION
OF BRITISH OCEANIC MONTANE AREAS

There has been no attempt to devise lists of indicator species for comparing different
montane areas similar to those commonly used for woodland habitats and previous studies
have used either the total number of montane species, or the number of rare species,
recorded from an area to compare the relative importance of their lichen flora (Gilbert et al.
1982, Pentecost, 1987; Gilbert & Giavarini, 1993). As discussed above (section 3+1¢1) this is
refined here by dividing the montane zone into low-montane, mid-montane and high-montane
sub-zones. This allows for a more detailed comparison of the lichen vegetation of different
areas and highlights differences which may otherwise not have been apparent.

All the montane lichens included in Table 3+1 which have been recorded from North
Wales, the Lake District, and Glen Coe are listed in Table 3+5. These three areas all have an
Oceanic climate, each reach a similar altitude and all have a similar geology, predominately
acidic igneous rocks but with small areas of more basic substrata. However, there are
significant differences in the altitudinal distribution pattern of their lichen vegetation.

The number of taxa from each of the three areas belonging to each of the reu»montane
sub-zones defined in sectxon 3+1+1 is plotted in Fig. 3+13 and these data presented as a
Percentage of the total resource for the sub-zone in Fig. 3+14. Fig. 3-13 shows the decreasing
Species diversity with increasing altitude in all three areas, with Glen Coe and North Wales
haying roughly similar values and the Lake District much lower ones, a pattern Which is also
apparent in Fig. 3+14. However, the greater imborténce of the mid-moniéne zone at Glen Coe
compared to the other areas is clearly evident. This is best demonstrated in Fig. 3+14 which
lustrates the relative importance of the individual zohes in the three aréas; Gle“n Coe and
North Wales again have a similar low-montane flora but they then diverge with the mid- and
h'Qh-montane floras of Glen Coe bemg of greater |mportance whereas those of North Wales
become progresswely less |mportant In Glen Coe the mnd—montane zone has the hlghest
Dercentage of the reSource recorded whereas in North Wales this is exceeded in imponance

by the low-montane zone.
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Table 3-5. Montane lichens recorded from three oceanic areas of the British Isles

North Lake Glen
Taxon ‘ Wales Distict Coe

Low Montane

Alectoria nigricans X
Amygdelania consentiens
Baeomyces placophyllus
Belonia calcicola

B. russula

Caloplaca obliterans
(Catapyrenia cinereum)

C. lachneum

Coccotrema citrinescens
Collema parvum

Comicularia normoerica
Dermatocarpum amoldianum
D. deminuens . X
D. intestiniforme

D. leptophyllodes -

D. meiophyllizum
Epigloea medioincrassata
Fuscidea intercincta

F. kochiana
*F.‘poeltiiad int.’

Gyalecta foveolans
Gyalidea fritzei . .
Gyalideopsis scotica | X X
lonaspis cyanocarpa

l. odora ’
Koerberiella wimmeniana X X
Lecanactis abscondita '
Lecanora achariana X X
Lecidea paupercula | - g

L pycnocarpa | X X
Lecidelia aff. asema

Lempholemma intricatum

L radiatum - . X

X X X X X X X X x
X X X X X
b

X X X X X X

X X X X XXX M X

® X X X X *
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+aff. L. isidiocides
Lithographa tesserata
Melanelia commixta
M. hepatizon
Minquidica complanata
QOchrolechia frigida
(Pannaria pezizoides)
Peltigera elisabethae
P. venosa
Phaeophyscia endococcina
P. sciastra
Pilophorus strumaticus
Placynthiun asperellum
P. flabellosum
P. pannariellum
P, pluriseptatum
Polyblastia cupularis
P. efflorescens
P. inumbrata
P. melaspora
P. theleodes
P. wheldonii
Porpidia ochrolemma
P. superba
* 'l sorediata adint.
Protoblastema s:ebenhaanana
Psora deCIplens
Pyrenopsis grumulifera
P. impolita
P. subareolata o
Rhizocarpon intermediellum
R. lavatum
" R. superficiale
Rimularia limborina
ROpalospora lugubns
* 'subsp. sorediata’ ad mt
 Staurothele succedens R
Stereocaulon leucophaeopsis
- Strigula stigmatella var. alpestris

»x X X X

»x »x X X

X X X X X X X X X X X X

X X X X X X X

X X X X

X X X X

XX X Xt

X X X X X ¢



Thelidium fumidum

Trapelia mooreana

Umilicaria proboscidea

Vestergrenopsis elaeina
Total

Mid Montane

*Adelolecia pilati ‘subsp. pachythalliina' ad int.

Allantoparmelia alpicola
Bryonora curvescens
Catillania contristans
Cecidonia xenophana
Cladonia bellidiflora
Euopsis pulvinata
Frutidella caesioatra
Lecanora frustulosa
Lecidea berengeriana

L. hypnorum

L. limosa

Lecidoma demissum
Lepraria neglecta
Lopadium pezizoideum
+Melaspilea sp.

Micarea cinerea (anamorph)
M. marginata (anamorph)
M. submilliaria

Parmelia stygia
Pertusaria oculata
Polyblastia terrestris
*Porpidia ‘confluenta’ ad int.
P. contraponenda
*P.'striata’ ad int.
Protothelenella corrosa
P. sphinctrinoidella

P. sphinctrinoides
Pseudephebe pubescens
Rhizocarpon alpicola

R. anaperum
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*R. ‘colludens subsp. rufoatrum’ ad int. X
*R. 'sublavatum'’ ad int. X
Sporastatia polyspora X
S. testudinea X
Staurothele aeolata X
Stereocaulon plicatile X X
S. saxatile X
S. spathuliferum . X
S. tomense X . X
Thamnolia vermicularis X X X
Thelopsis melathelia X X
Toninia fusispora X . X
Total s 13 33
High Montane
Lecanora leptacina X
Micarea paratropa X
Miriquidica grisecatra X
Toninia squalescens . . X
Total 0 0 4
Total 297 110 (28+6) 67 (16°4) 123 (32+4)
Low Montane 172 57 (33+1) 34 (19-8) 51 (29+7)
Mid Montane | 103 25(24-3) 13(12+6) 38 (36+9)
High Montane 12 0(0) 07(0) 4 (33+3)
\
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Figure 3-13. The number of taxa belonging to each of the montane zones recorded from Glen
Coe, The Lake District and North Wales
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Figure 3+14. The number of taxa belonging to each of the montane zones recorded from Glen

Coe, The Lake District and North Wales expressed as a percentage of the total resource for

that zone.

North Wales
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The most significant difference is the importance of the high-montane zone at Glen Coe,
which appears to be totally absent from the other areas. However, this result must be treated
with caution as the total resource for this zone is very small (12 taxa) and further work may
reveal a small element of this zone in North Wales which would greatly alter the assessment.

There are two possible reasons for the greater importance of the mid- and high-montane
zones at Glen Coe, increased latitude or increased oceanicity. Glen Coe is 400km north of
North Wales and 300km north of The Lake District and, as discussed in section 3+2¢2+3, the
resulting decrease in temperature will benefit a number of boreal/Arctic species which will be
unable to colonise the warmer areas further south. Oceanicity is also a factor to be
considered as, although all three areas are on the western side of the British Isles, both North
Wales and The Lake District are sheltered from the most extreme effects of an oceanic
climate by the bulk of Ireland to the west (cf. Fig 1¢2). However, Glen Coe is situated to the
horth of lreland and experiences a more oceanic climate. As a consequences, montane plants
are able to eXtend their range into lower altitudes (McVean & Ratcliffe 1962, Birse 1971, Birks
1988, Ratcliffe & Thompson 1988) which results in montane plants occurring ovor a wider
area, more habitéts being available to them and, consequent!y, a higher proportion of spe'cies
of the mid- and high-montane zones being present. In fact‘ both factors probably plray apar,
the eﬁects of which are mseparable R | -

The restricted occurrence of mrd-montane condrtrons and the absence of hrgh montane

ones in North Wales and The Lake Drstnct cause a progressrve declme |n the drversrty of the
lichen vegetatlon wrth mcreased a!tltude Glen Coe has far more specres not recorded from
any of the other two areas and many of these are mrd- or hrgh-montane spemes chhens
recorded from high altitude | rn Glen Coe but not seen in the other two areas rnc!ude Bryonora [ :
- Curvescens, M:carea marginata, Pertusaria oculata, thzocarpon sublavatum ad int.,
y Stereocaulon saxatrle and S. spathwlfemm In addrtron the area of longest snow-he on

' Camedd Llewelyn yrelded only four spemes not seen elsewhere in North Wales (r e. Fmtrdella S

Caesroatm, Protothelenella corrosa, Rh:zocarpon anapemm and Stereocawm tomense) and : o

these are better consadered as facultatrve snow«bed species (r e. mrd montane) than true

' Snow-bed specra}rsts (| e. hrgh-montana) as they are frequent on damp summit p!ateaux in the

o



-oceanic regions of the western Scottish Highlands.
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