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ABSTRACT

A TAXONOMIC AND GEOGRAPHIC STUDY OF THE GENUS XANTHOPARMELIA IN 'THE KAROO

This study was undertaken to assess the variability of the common
Xanthoparmelia species in the Karoo, to provide a meaningful taxomomy for
these licheus, and at the same time to mote floristic patterns of
Xanthoparmelia in the area. To this end, approximately 900 spacimens were
collected from the area and subjected to chemical and morphological
examinstious, 7n addition, about 100 reference specimens, mainly types
pertaining to Xanthoparmelia in southern Africa, were also examined.

Routine observations on the gross morphology of the spacimens
were carried out at ten times magnification, and the form of the epicortex
on selected specimens was viewed with a scanning electron microscope.

Light mi work was on micotome sectd. of

apothecia and lobes, and hymenial and pycnial preparations from selected
specimens of each major species, The type of rock substrate was poted,
but no exclusive rock specifieity was perceived for any of the common
Karoo species., The chemistry of each specimen was routinely elucidated
by means of thin layer chromatography and spot tests. Where necessary
microhydrolyses and microcxystal tests were also carried out.

A total of 59 lichen substances were found in the Karoo
Xanthoparmeliae, with usnic acid universal. Of the 27 of known chemical
structure, 21 are B-orcinol compounds and only four are compounds of the
orcinol series. This is in stark conmtrast to the genus Neofuscelia Essl.
where orcinol depsides and depeidones are wost common, The most frequent
tichen substances besides pigments, are the p-oreinol depsidones salazinic

(found in a total of 320 specimens), ie (175), ic
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(160) and 4-0-demethylnotatic (120} acids, This vepresents two thirds
of the entire callection. The only noteworthy orcinol compound in this
respect is the depside lecanoric acid (50),

The range of morphological variation was found ta vary fxrom

species to species. Several species, X. adhaerens, X. brunnthaleri,

¥, colorata, X. , X, dich ica, X. endomiltodes, X. s

X, tanthis X. leptoplaca, X, p ifera, X, rolla, X. schenckiana

and X. squamatica ave conservative in their habit variation. Four spexies,
X, chalybaeizans, X. constrictons, X. perspersa, and X. worcesteri are
considered to vary £rom subcrustose to foliose. Tre remaining species
show various types of foliose variation, ome case (X, molliuscula)

becoming fruticose, aund others (X, Ayp and X. sub.

. tending towards the habit of Omphalodium hottentottum (Ach.) Fiot,

33 syecies of Yanthoparmelia in the Karoo are accepted in this

study. X, ta, X. leptop , X. persp ., X, psovomifera,

X. schencki X. sub s X eubdeatpi and X. are

widespread in the area. Other species such as X, brumnthaleri, X.

chalybaetzans, X. colorais, X. dichromatica avd X. tasmanica, ave commen

in eertain parts of the Karoo. The remaining species are either uncommon

ov distributed in marginal aveas. Four floristic zones are recognized in

the Karoo proper, with two marginal zones included as well,
Descriptions, distribution maps and photographs are provided for

all the species, and a key o them is presented, Five new species are

described: ia dyep: , Ko T 2 X 2 2 X. ratla

and X. £ New binaci arve 1ia burmetsters
(E1ix) Drusse, X. ewornate (Zahibr.) Brusse, X, globulifera (Rurck.et
Filson) Brusse, X. hypomelasna (Vain.ex Lynge) Brusse, X. lepioplaca

{Zahlbr.) Brusse and X. perspersa (Stiz.) Brusse.
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TRE K200 AND THE XANTHOPARMELIAR

1.3 INTRODUCTION

One of the most striking features of the dry interior of the
Cape Province, is the profusien of lichen growth on suitable aspects of
rock expogures. A conspicuous feature of many of these saxigolous lichen
communities is the abundant presence of foliose lichens. In the area
under comsideration, these foliose lichens ave representatives of the
Parmeliae (sensu lato), to the virtual exclusion of other foliose groupa.
Of all the genera recently segiegated from the formerly large gemus
Parmeiia Ach, (Hale, 1974a, b, ¢, i; 1976b; Esslinger, 1978) only
Xanthoparmelia {Vain.) Hale (1974d) Pseudoparmelia Lynge seasu Hale (1974a)
and Neofuscelia Esslinger (1978) are regularly present. The Xanthoparmelize
are the dominant foliose lichens in terms of both total cover, and number
of species present at each particular site. The Neofusceliae are the
least abundant in terms of cover, although this impression is complicated
by the presence of other crustose gemera with brown cortical pigments,

which may be with some gub liae, in the field.

Of the crustose genera present, the pale orange to red crustose
members of the Teloschistaceae, such as Caloplacq Th. Fr., axe very
abundant, The comspicucus yellow species of Acaroapora (Xanthothallic)
Mars., are ameng the most drought resistant lichens growing in the Karoo,
being sometimes the only genus present at particularly dry sites
(Magnusson, 1929, 1933, 19563 Weber, 1968), Many other less easily
vecognized crustose genera also occur, the most prominent being Leotdea
Ach, and Buellia de Not,

Any of the commonly occurring Karoo lichen genera would have

‘been suitable for study, but the Parmeliase (semsu lato) had the sound




base of the world-wide monographic works of Dr. Mason Hale and coworkers,
and the most abundant of these, the Xanthoparmelise, were chosen. The
study was approached in the light of Magnusson's (1932) thesis: "What
lichenology needs is not a name of each preserved specimen, the cansequences
of which are terrifying, but a survey of the variability of the species,

founded if possible on studies in mature or at least on a large

aterial." Little ic collecting has been done in the

Karoo and most of the h 1ia species ing here are ¢ nic

to southern Africa.
The aim of the present study was therefore to gain insight into
(a) the Karco Xanthoparmelia £lora, and (b) the variability and taxonomic

status of its componenmt species.

1.2 THE KARCO

The word Karoo is of Hottentot derivation meaning arid, hard and
sparsely covered (Potgieter, 1972). It is commonly employed to indicate
the dry interior of the Cape Provinee, The limits of the Karoo as used
in this study axe depicted in figure !, and roughly correspond to those
of the Kargo Domain (Werger, 1978a). Acocks (1979) pives a representation
of the physiography of the area, The area is bounded by the course of
the Ovange river in the north and north-east; by the Kamiesberg, Roggeveld
and Little Roggeveld mountains in the west; by the Witteberg amnd
Swartberg in the south; and by the eastern Cape mountain ranges in the
east (Fig. 1), Most of the area lies at moderate elevation, in southern
African terms, batween 600 and 1500 metreu, and is prevalently £flat
terrain with scattered low hills or "koppies”., Exceptions to this
generalization do occur, however, the most notsble being the presence of

the Ruggeveld to b (1.4.3).
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1.2.1  Climate
(1) Zemperature

The Xaroo is typically thought of as a semi-desert with
hot summer days and cold winter nights.
Mean radiation values vary from 11~i6 Min 2day”' for the

! for the summer

winter months, June to August, and from 27-29 Win Zday”
months December to Pebruary (Schulze and McGee, 1978).
The mean amnual temperature varies £rom 14-20°C, being

cooler in the south, and the mean amnual range of temperature varies

between 12 and 16°C from place to place, being greatest in the morth-east

of the Karoa (Schulze and McGee, 1978). Summer ¢  «v.'ures are high fo

very high, especially in the north, the meam mon .- *w» ratures for

January ranging between 20 and 28°C (Talbrt and Talow., 1960). Mean

deily maximum temperatures for this month range from 28 to 35°C (Schulze

and McGee, 1978), Mean monthly temperatures of 5 to 13°C are experienced

i July (Talbot and Talbot, 1960), and the mean monthly minimum temperatures

range frem -2.5 to 7.5°C, from place to place during this month (Schuize

aud MeGee, 1978). ;
The effect of temperature on the growth and survival of

the Karoo Xanthoparmelise is not known, but is expeeted to be minimal,

as desert lichens have been shown to be tolerant of extremes in

temperature (Kappen, 1973; McFarlane and Kershaw, 1978).
(i1) Rainfall

The mean annual precipitation vacies from 50-250 millimetres, B
becoming progressively drier from east te west., Elevated areas are
exceptions. {(irigonometrical survey office (a); Talbot end Talbot, 1960; Schulze ,

and McGee, 1978).
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The seasonality of the measurable precipitation also
varies: (s) the ares north and east of rhe line Willowmore-Prince Albert-—

i more than 607 of its amnual precipitation

in summer (October to March); (b) the area between this line and the
line Sutherland-Calvinia-Gamcep-Vieolsdrif can be designated the
uniform rainfall area; and (o) the ares between the latter line and the
Atlantic coast receives more than 60% of its ammual precipitation ia
winter (4pril co September) and can thus be rmgarded as the wister rain~
£all avea (Werger, 1978b).

The rainfall in the Karoo is so sporadic, that it is
unlikely to be important in the water relations of the native licheus
in any direct: way., There are reports that exposures to rainfall 4o not

af lichen

wet certain lichens due to heavy
These are agsumed te depend on atmospberic humidity as a source of

moisture (Blum, 1973, p. 383; Harris, 1976, p. 453).

(1ii) Fog gnd Mist

Fog and mist are capable of wetting lichen thalli, and
areas experiencing fog and mist usually show gbundant lichen growth
(Kappen, 1973), Mist occurs on the western and southern margins of the
study area and to & lesser extent on the Roggeveld and Nuweveld
escarpment., In places this may exceed precipitation (Schulze and MeGee,

1978, pp. 35-36).
(iv) Dew

More important to the lichens in the Karoo ie the more
widespread and regular pre-dawn dewfall (V.rger, 1978b). As observed

for the northern extra-tropical area, where favourable places face north,




the sinded aspect for this part of the globe (Kappen, 1973, pp. 355-357),
the favoured aspect in the Karoo is south facing. A major exception to
this rule  is the western margin, where the mist factor overrides

the dew effect, and most lichens grow on west facing aspects. Lange

et al., (i1970) have shown that net carbon dioxide assimilation ocrurs iz
the first 2~3 hours of ligh: in the early morning when cthe lichens are
moist bacause of dew. This early morning carbon fixzation makes wp for
the considerable losses due to respiration at night, the excess forming

lichen mass,

{v) Frost

Frost {or frozen dew) is common in the Karoo, occurring
over a zange of O te 80 days per anmum., The number of days experiencing
frost increases from the north to the Roggeveldberg~Sneeuwberg escarpment,
where frost occurs most fxequently, The Sutherland environs experience
frost on more than 90 mormingsper anmum (Talbot ar.e Talbot, 19%0).
Unlike higher plants, lichens appear to be resistant to damage in the
frozen state, and there are raports that they can assimilate onz at .

temperatures below zero degrees Celaius (Kappem, 1973, pp. 333-335).

(vi) Relative Humidity

Blum (1973) and Kappen (1973) cite several reports of
lichens that are capable of absorbing water vapour from the atmosphera,
without the prasence of liguid water (in the form of dew, fog, mist ot
rain), They state that the precise mechanism of this absorption is not
known, but is ustally attributed to either hygroscopic absorption by

gelatinous hyphal walls, or an uctive process, or both,




It also appears that net positive photosynthesis occurs
at thallus moisture contents as low as 25 to 30% of dry weight, at
least in some species {op. ¢it.). This moi~sture level is attainable
in relative bumidities below [00%. High rates of photosyathesis sre
apparent at 100% RH at least in some species. For instamce Ramalina
maciformis (Del.) Bory, at a RH of 100%, attains 80% of the photo~
synthetic rate achieved with wetted thalli. For some species, from a
net carbon fixation point of view, water vapour intake is probably more
efifective than strong imbibition with liquid water, because in the
latter case respiration may be higher (op. cit,; Harris, 1976).

Ramalina celastri (Spreng.) Krog et Swinsc. and
Peltigera polydactyla (Neck.)Hoffm. from the North Island of New
Zealand, commence photesynthetic activity about 90% RH. Below the
cut-off point for photosynthesis, respiration and sugar alcohiol
synthesis still continue, The tricarboxylic acid cycle and related
protain synthesis seem to be desiccation tolevant, whereas the Calvin
cycle appearas semsitive (Cowan et al., 1979).

Relative humidity data for the Karoo are few (Weather
Bureau) and are difficult to interpret because RH values are recorded

at specific clock times, and not for example at sunrise.

1.2.2  Geology

The surface geclogy of the Karno is depicted in Figure 2. The
basement of the southern tip of Africa can be considered to consist of
two cratons, the Kaapvaal (>3500 million years old) and the Richtersveld

(<2500 million years old) cratoms., Around these stable cratons are

regions that have und as evi by d faults
and shear zones, called mobile belta (Truswell, 1977, p. 5), The

Natal-Namaqua mobile belt which underlies much of southern Seuth Africa,
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may be of a similar age to the Richteryeld craton, but ages of sround

1000 Ma are commonly obtained. Thirs is thought to indicate an age of

regional jem in this unit. This metamorphism is
considernd to have taken the form of a tectonic event (as a result of
earth movement). Within the limits of the study .res, the Namaqua
granite-gneiss complex is the basement (floor) on waich all other

sequences ultimately rest (Strartem, 1971},

(i) The Nemagua Metamorphic Complex

The Namaqua granite-gneiss complex is exposed in the
northern and north western parts of the Karoo (Fig, 2), and hes been
the subject of many xecent investigation (Truswell, 1977; Botha e? ul.,
19765 19773 RySner and Blignaut, 1976; Blignaut, 1978; Stowe, 1979;

Jack, 1979). Although the details of the complex geology of this: area
v

are still in the process of being elucidated, the area can be simplistically

considered to be underizin by a basal gramite-gneiss which supports
supracrustal sequences with & varied stratigraphy yet similar overall
lithology. The geology is more complex on the boundary zones,
particularly between the Namaqua mobile belt and the Kaapvaal cratom,
(a 120 ku-wide zone of NNW trending faults (Pretovius, 1974)).

Two to the 1i igraphic classification

of these rocks over large areas have been adopted, The first has been
to follow conformably overlain (unbroken successions of) rock strata,

as done by Botha et al. (1976) for an area between the Langeberg raunge
{on the Kaapvaal craton) and Kenhardt {on “he Namaqua Mobile Belt).

In this paper the similarities between the Matsap (on the Kaapvaal
craton), the Kheis (borderline) end the Namaqua domains were stressed
(Bothe et al., 1977, table 1), despite the increase in metamorphic grade

and facies changes from wast to west, The similarities between the
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Kheis and the Orange river groups are weil known (Truswe’i, 1977) and
the similericies between the Richtersveld and Kheis prs - dinces (sensu
Krdmer apd Blignaut, 1976) have alsa been moted (Reid, 1977).

The second approach has been to divide up the area into
geological provinces (Krdner and Blignaut, 1976) and treat them as
separate geological entities. 4n even finer division has been used for
areas between major megashear (mylonite) zones (see Botha wé aZ., 1977,
£ig. 4) which hsve. been called tectonic divisions (Stowe,1979),

The supracrustal rock typas have been variously interpreted

as igneous or & y vocks, For i the

widespread quartzo-feldspathic rock is often referred to as "pink gneiss"
implying igneous origin, but cross bedding has been reported in the

“pink gneiss" west of Upington (Geringer and Botha, 1377b) indicatring

& possible gedimentary origin. A summary of the lithostratigraphy of this
region will mot be attempted, but references to the geology of the

individual collection sites will be given where available (Appendix 5.1).

{ii) The Cape System

Most of the Karoo is underlain by sediments ranging from
440 to 160 miilion years in age, Two distinet sequences are present,
the Cape and Karoo.

The Cape system is the older of the two systems, 440 to
300 million years BE, but is present only on the very marging of the
Kaxoo. xu’%acc the Cape system should be regavded as absent from the
Rarco, but as some collecting wae done from these rucks, the system will
be discugsed briefly, The Cape system is divided into the Table Mouatain,

Bokkeveld and Witteberg groups (Fig. 2).
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(a) The Table Mountain Group

This lowermost group of the Cape system is up to

5 km thick in the southern Cape province and is mainly compos~d of coarse

grained and orthoqt ites. 1 siltstone, glacial
mdstone and minor shale are also presemt. Although the group is

divided into = number of lithostratigraphic formations (Truswell, 1977,

p. 1157, mast of the prominent relief features are built of one of these,
the Peninsula formation, consisting of coarse grained orthoquarzite.

Trace fosails are present, especially tracks and trails of presumed

origin, Brachiopods, br, 1, trilobites and crinoids have

been found indicatiug a marine litteral origin for this group.
(b) The Bokkeveld Group

The Bokkeveld group is more complex and is represented
by a serias of altermating thicker shale and thinner sandstone units,
The sandstone units of the upper half of the sequence pirch out from west
to east, and all sandstone members pinch out towards the south, so that
south of the line Caledon-Riversdale only shales and mudstomes are
develope ', which also have a greater thickeesa (maximum 3.5 kmj, 4
littoral marine fauna {commoenly pelecypods, brachiopods, and trilcbites)
is known also from the Bokkeveld, notably the shale units of the zentral

area (Theron, 1971).
(e} The Witteberg Group

The first sandstone abova the uppermost Bekkeveld
shale unit is taken to Le the lower limit of this group. This contact
way become difficult to ldentify in the east, and the rather arbitrary

nature of this division ls sometimes heightened by the similar plaant




fossils found in both the upper Bokkeveld and the lower Witteberg. A
change in transition metal minerals has been reported at this boundary
(Theron, 1971). This uppermost group of the Cape system is the least
known, but persistent lithostratigraphic units can be traced from west
to east. Sandstones and quartzites are restricted largely to the

middle of the sequence (but see Hiller and Dunlevey (1978)), the best
known of these being the Wittepoart quartzite, traceable from the
Witteberg in the west to at least Grahamstown in the east. Argillaceous
rocks are prominent ia the lower and upper Witteberg, Vascular plants,
mostly lycopods, trace fossils and fossil ray-finned fish (palaeoniscids;

from the upper shales) have been reported for the Witteberg.

(iii) The Karoo System

By far the greatest part of the study area is underlain
predominently by argillaceous sediments ranging from 300 to 160 million
years in age (Fig. 2). The Karoo system has been divided into three
distinet groups in the study area, each with their own characteristics.
The Glossopterts flora is present in all three groups, but otherwise the

fossil fauna and £lora vary from group to group.
(2) The Dwyka Group

The Dwyka rests on the Natal-Namaqua granite-gneiss °
basemeut, but some sediments older than the Dwyka may lie between these
two, In the southern area, for instance, the Cape system intervenes
(Stateen, 1971,

The Dwyka is divided in*> a lower indistinctly
stratified or unstratified glacial unit and an upper shale unit (the
Prince Albert Shales). fthe glacial unit consists of tillite (a rock

composed of variously sized, subangulsxr stomes, which may be scratched




or grooved, and set in an argillacecus matrix). Other rocks Inm this

unit are boulder clay, siltstone, sandstome, conglomerate, some varved
shaie (shale of altermating sandy and argillacecus .amina), and graded
sequences., Typical glacier markings on the floor and within the glacial
vnir are known from a number of localities (Truswell, 1977; Visser et al.,
1979). The Prince Albert Shale ¥ormaction is very similar to the overlying
Bcea, but a white weathering carbonacecus layer (the White Hill Formation
or the "white band") serves as a boundary marker between these two groups.
A thin white wiathering, grey chert layer caps this unit, and sometimes

oceurs just below this layer also.

Plant fossils include the Glosgopterts flora, fossil
wood, and & lycoped in the upper shale beds. The glacial beds have not
yielded animal fossils, but the upper shales, and thin shele Layers
between the glacial beds have. Branchiopods, cephalopods, pelecypods,
arenaceous foraminifera, sponge spicules, radiolaria, notocarid
crustacesns, coprolites (fossilized excreta) and limulid tracks have
been found, Vertebrates include Mesosawrus and palaeoniscid £ish

(Truswell, 1977; Visser and Loocek, 1978).

(b) The Ecca Group

v The Eeca coniists largely of dark bluish grey to

black shales which weather in 2 lami faghion, by i

are often present in the shale. Sandstone is developed at the marging
of the basin snd towards the top of the Ecca. :
Animal fossils are rare, but £ish scales, sponge
spicules, echninoid remaing, a cephalopod, coprolites, limulid (king/
horse~ghoe crab) tracks and other trace fossils are knowm. Flant

4 foasils are common and include the G P te flora,

siliciffed wood and chondrites {fucoid~like imprints)(Anderson and

McLachlaw, 19763 Truswell, 1977; Visser and Loocke, 1978; Visser ¢t al., '979),
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(c) The Beaufort Group

The Beaufort is characterised by massive greenish-
grey, bluish-grey or "red" argillaceous rocks which weather inm a blocky
manner and are generally called mudstones. Cross bedded sandstones are
frequent in the Beaufort as are fiming upward cycles, both of which are
rare in the Ecca (in the study area). Remains of mammal-like reptiles
(therapsids) wiv numerous, and have been used to divide the Beaufort
into biolithostratigraphic units (Keyser, 1973; Keyser and Swith, 1979;
Kitching, 1979). Uniike the Eccs, plant fossils are uncommon in the
Beaufort, but the Glossepteris flora, Fhyllotheea and fossil wood are
knowm. Trace fossils of marine organisms are rare (Shone, 1978). The
differences between the Ecca and the Beaufort are considered to reflect
s change from deposition in a large body of water to gemerally continental
{mainly fluviatile) conditions respectively.

The Ecca~Beaufort boundary is taken to be the first
purple/"red"” mudstone above the sandstone rich upper Beea strata
{Keyser et al., 1979). 1In the northern part of the western Karoo basia,
these sandstope rich strata were formerly inmcluded in the Beaufort,

In the southern avea, on the other hand, these sandstome rich strata vere
exeluded from the "Beaufort”, and ever a few lower Beaufort strata ware
included in the Eormer Ecca {op. ¢it.}. The northern Ecca-Beaufort
boundary has therefore had to be shifted south of the presently published
posi.tion on the 1:108 scale geological map of the Republic of South
Africa and the Kingdoms of Lesotho snd Swaziland (Uys and Enslin, 1970;
Fig. 2). 'The location of the southern beundary is appcuximately correct

on this map.

(@) Karoo Dolerite (diabase)

The post Beaufort sediments, the Molteno, B1l. :t and
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Clarens formations are not present in the study area (Figure 2}, bur
hypabyssal setivity related to the Drakensburg volcanics, caused wide—
spread intrusion of dolerite into all types of existing rocks. The
dolerite intruded the Karoo system in the form of dykes and sills and is
being exposed by the weathering of the surrounding (softer) Karoo strata.
The sills are responsible for the typical f£lat topped appearance of

hills (koppies) in the ares, Other rocks, such as Namaqua granite-gneiss
have been intruded in the form of dykes only. Ages of 155 to 190 Ma have
ieen recorded for the dolerite,

Prom this time onwards phases of plate tectonics

1 plates or

of the 1 drift", by the
spreading of the sea floor from the mid-oceanic ridges outwards), were

initiated and Gondwanaland was disrupted.

(iv) Geology and the Xanthoparmelize

The rock substrate specificity of mamy lichen species has
been reviewad hy Brodo (1973) and James et al. (1977). The limestonme,
dolomite and marble specificity of certain lichens (termed obligate
chaleophiles) is well known, but the specificity on other basic rocks
is less well documented, Lime)tone, dolomite and marble are essentially
absent from the Karoo, but dolerite (a basic igneous rock) is common.
Other rocks in the areaarsacidic., All species found in districts where
these two rock classes ogcur were found to grow on both, However the
typical Karao species X. brunnthaleri and X. leptoplaca were found
frequently on dolerite, and speradically on acidic rocks, The marglual
X. hypoleia usually occurred on acidic roek, but was found on dolerite
near Louriesfortein. The paucity of basic rock exposures within the

distribution range of X, hypoleia obviously influences this frequency.




Clarens formations are not present in the study area {(Figure 2), but
hypabyssal acrivicy related to the Drakensburg voleanics, caused wide-
spread intrusion of dolerite into all types of existing rocks. The
dolerite intruded the Kaxoo system in the form of dykes and siils and is
being exposed by the weathering of the surrounding (softer) Karoo strata.
The sills are responsible for the typical flat topped appearance of
hills (koppies) in the area. Other rocks, such as Namaqua granite-gneiss
have been intruded in the form of dykes only. Ages of 155 to 190 Ma have
been recorded for the dolerite.

From this time onwards phases of plate tectonics

of the

1 plates or “conti 1 drift", by the
spreading of the sea floor from the mid-oceanic ridges outwards), were

initiated and Gondwanaland was disrupted.

(iv) Geology and the Xanthoparmeliae

The rock substrate specificity of meny lichen species has
been revieved by Brodo (1873) and James et al. (1977). The limestome,
dolomite and marble specificity of certain lichens (termed obligate
chalcophiles) is well known, but the specifinity on other basic rocks
is less well documented. Limestone, dolomite and marble are essentially
abgent £rom the Karoo, but dolerite (a basic igneous rock) is common.
Other rocks in the area areacidic. ALl species found in districts where
these two tock classes occur weve found to grow em both, However the
typical Karoo species X, brunnthalert and X. leptoplaca were found
frequently on dolerite, and sporadically om acidic rocks. The marginal
X. hypoleia usually occurred on acidic rock, but was found on dolerite
nrear Louriesfontein, The paucity of basic rock exposures within the

distribution range of X. hypoleia obvieusly influences this frequency,




Various physical and chemical properties of rocks have br~ reported to
affect lichens, such as mineral content, rock bardmess, surface texture,
porosity and water-holding capacity, colour and thermal properties

(Wirth, 1972). The rate and mode of weathering may also be important.

1.,2.3  Vegetation

The Karoo was first recognised as a phytogeographic unit by
Harry Bolus (1875), but has since been efined in many ways (Werger, 1978a).
The Karoo as used in this dissertation, corresponds roughly to the area
called the Karoo demain (op. eit., p. 158). As the vegetatiom is thought
to reflect the climatic conditions to wi;ich it is exposed, the Karco
domain (or simply Karoo) was chosen as a suitable ares for the study of
the common falicse lichen gemus Xanthoparmelia. Pesides the characterisstion
of a collection area and the modification of climste, the higher plant
vegetation is unlikely to have auy speci€ic effect on saxicolous lichens,
and therefore will be discussed only briefly.

The following summary is based om the accounts of Acocks (1975,
1979), Knapp (1973), and Werger (1978b). Abundant dwarf scrub with low
cover value is typical of the Karco. [TIrees are practically absent,
except sometimes along water courses (mostly Acacia and Rhus species).
Grasses, although present, are not usually a dominant feature of the
vegetation, but may become so in the eastern and northern parts of the
area in excepfionally wet seasons. The grass community species composition
differs from grasslands in the eastein half of the country, and some

species are egssentially endemic to the Karoo and southern South West

Africa (e.g. ipag te epp. and ep.)}. Othey grasses are

shared with dry grasslands of the surrounding aress in the north and

east. The Mesembr become i 1y common towards the
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southern and western margins. Most plants are members of the Liliacese,
Amaryllidaceae, Chenopodiaceae (Salsola spp.}, Aizoacess, Portulacaceae,
Capparaceae, Crassulaceae, Pabaceae, Geraniaceae, Zygophyllaceae,

Atoniacese ¢ Eb Asclepiadaceae, Solamaceae,

Serophulariaceae, Bignoniaceae {(Rhigosum spp.} Acanthaceae, and

especially Asteraceae.




1.3 MATERIALS AND METHODS
L .
The present study was based on a field callectina of about 900

Xanthoparmelia specimens, collected bv the suthor from the Karoo during
August 1976 and February 1977, About one hundred raference specimens,
mostly types pertaining to Xawthoparmelin ‘in southern Africa, have also
boen examined. These were obtained on loan by the kind courtesy of the
diractors and curators of the following herbaria (Abbreviations as ‘in
Holmgren and Keuken, 1974): BM, FH, G, GLAM, H-NYL, 1D, PRE, TNS, TRH,

TUB, TUR, VER, W and 2T.
1.3.1 Collection:

The study area was visited in & light motor vehicle and the routes
were chosen to ensure, as far as possible, an even coverage of the whole
of the Karoo (Fig. 1). BSuitable collection sites were selected while
travelling and were normpally no more than two hundred metres from the
road, The collection sites were pinpointed using appropriate 1:50,000
ordinance survey maps (Trigonometrical Survey Office (b)) in conjunction
with field data. Route aud direction of travel, mileage from nesrest
town, turnoff or river, and recollectiom of the general relief of the
site, and other features, such as nearby homesteads, were uged for this
purpose. Most sites were conmspicuous enough to be recognized on these
maps and thus to be located accurately. However,some sites were §o
featureless as to make ldentification and certain location impossible,
and these have been positioned to the nearest minute (1.6 ~ 1.8 km).

Various numbering systems were considered, but the simplest was
felt to be a syatem based on collection site number. The collection pite
mizber was bagsed on the date of collection and the numbar of the

particular collection stop. For example the ot specimen cotlected at
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the k™ collection stop of, say the Bth of February 1977, was labelled
772 8-k-n. Although a little unwieldy, it was preferred to a continuous
aumbering system since the place of collection could be recegnizad at a
glance,

Most of the Karoo Xauthoparmelize vary fr . being tightly adnate

to sub on the rock

and the ouly way in which intact
thalli eould be collected was to collect the rock substrate as well.

This requived the vse of a one kilogramme hammer apd a cold chisel, which
allowed many rocks te be sampled accurately. However the widespread
Karoo dolerite, quartzite and some granitic/gneissic rocks wers extremely
hard, and thalli on flat faces of large boulders or outcrops of these
rocks were unavailable far nollection by this method. Adventages of this
method were that complete specimens could be obtained, mixed thalli were
not & problem and the rock also served as 2 substrste record. 4 majex
disadvantage of this method was the weight and bulk of the specimens,
which ereated problems of tramsport and storage.

The rock specimens were wrapped in newspaper, taped up and
numbered at the collection sites, The newspaper prevented abrasion of
the thalii during transport. The numbers on the newspaper wrappings were
later transferred to the rock, using white indian ink which was varnished
over when dry.

Loosely to moderately adnate specimens were most conveniently
collected in packets. However becsuse of the raduction im bulk and
weight, and the ease of curation and wiorage of packeted specimens, many
tightly adnate specimens were also collected in this way, This allowed
a better and more comrlete sample to be taken from each site. However
the method had several disa;lvanmges.

1

(a) Sub lize cannot be without the rock

substrate;
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the kch collection stop of, say the 8th of February 1977, was Lsbelled
772 8~k~n. #though a little unwieldy, it was preferred to a continuous
numbering systew since the place of collection could be recognized at a
glance.

Most of the Karoo Xan-'woparmeiiae vary from being tightly adnate
to subcrustose on the rock substratum, snd the only way in which intact
thalli could be collected was to collect the rock substrate as well.

This required the use of a one kilogramme hammer and a cold chisel, which
alloved many rocks to be sampled accurately, However the widespread
Karoo dolerite, quartzite and some granitic/gneissic rocks were extremely
hazd, and thalli on £lat faces of large boulders or outerops of these
rocks were unavailable for collection by this methcd. Advantages of this

method were thab lat could be i » mixed thalli were

not a problem and the rock also served as a substrate record. A major
disadvanmge of this method was the weight and bulk of the specimens,
which created problems of transport and storage.

The rock specimens were wrapped in newspaper, taoped up and
numbered at the collection sites, The newspaper prevented abrasion cf
the thalli during transpert., The numbers on the newapnper wrappings were
later transferred to the rock, using white indiin .zk whish was varnished
over when dry.

Loosely to moderately adnate specimens were most donveniently
collected in packets, However because of tho reduction in bulk and
weight, and the ease of (uration and storage of packeted specimens, many
tightly adnate specimess were also collected in this say, This allowed
a better and more complate sample to be taken from each gite, However
the method had aeveral disaﬁvsnmges.

(a) t 1iae cannot be ‘ without the rock

substrate; i
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(2) The thalli had to be well developed and isolated in order to obtain
& sample of reasonable size and purity (This was a very real problem
in many instances where thalli grew intermingled or in close
proximity to one amother);

(e) The resulting specimens, for the majority of cases,were little more
than a mass of lobe fragments,

On the February 1977 collecting excursion, a compromise was made
between the tws collection methods, approximately a third of the specimens
being en rock and the remainder in packets.

Lastly, the aspect of the collection site, or the aspect with

the most lichen or growth, was recorded using a

compass. In most cases, the aspect with the most abundant lichen growth
129 also ther with the most abundant Xanthoparmelia growth. In addition,
a qualitative deseription of the locality was recorded (Appendix, 5.1).

1,3.2  Light microscopy!

The lichen 1 were ined routinely umder a low power

binocular di microscope (Vickera i

York), using direct
lighting. Observations were made usually at ten times magnification, but
thirty times magnification was also employed om occasion. All chem.cal
spot tests were performed with the aid of this instrument,

Por internal anatomical studies, 15-20 pm thick sections were
prepared using a Leitz-Wetzlar freezing microteme, Several staining
procedures were evaluated, but the most satisfactory stain for the
purpose of this study was found o be a 1% agqueous phloxine solution,
Irrigation with 50% aqueous glycerol removed the excess phloxine stain,
and rendered the preparation semipermanent (Rorf, 1973). This procedure

stained tha cytoplasm pink and the walls and gelatinous material
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remained clear, Lobes were sectioned longitudinally and apothecia
radially, Nozmally the upper covtex was obscured by a 10-30 um thick
region impregnated with usnic acid, which appeared dark under the light
microscope, This was removed hy irrigating the gections with 807
aqueous acetowe, This rather drastic treatment appeared to damage the
algal cells, and minute vapour/air bubble artifacts were produced on
zough surfaces (plate 7A & B), However the funsal component appeared

in comparison with the smtrols. Apothecial

sections were firet stained with Lugol's iodine, and hymenial observations
and meaguremencd carried out. The phloxine stain was then applied to
show up the paraphyses and gemeral apothecial anatomy, Phloxine causes
the biue colour of the ascal walls to disappear over a pexiod of tem
uinutes or longer. Melzer's iodine reagent was found unsuitable due to

the varisbility of staining,in some cases only a weak blue reaction teing

produced.

were from hymeniai scrapings as
follows: The hymenium was first moistened with water delivered into the
cup of the apothecive by means of a pair of watchrmaker's or electron
microscope (EM) forceps. '1ne KM forceps were dried on blotting paper
and then ueed to scrape off a povtion of the hymenmium. The sorspings
ware then traneferred to & drop of atain on a minroscope slide and ground
using a second slide till the dark scrapings were no lomger discernable

and the stain became cloudy, If the hymenium was allowed .. soak in

water for longer than a few minutes, it became difficult to
remove cleanly, due to the softening of the underlying tisaue.

Py idia were for light mi » by trimiing tho

lobe tissue near « pycnium, using a sharp blade, and removing the exposed
pyorium with EM forceps. A squash mount was then prepaced using phlexine

as the stain, If observed in conjunction with a blue or green f£4lter



the pycrnoconidia showed up very clearly. A less distructive method of
obtaining pycnoconidia is to moisten the thallus in the vicipity of
pyenia with water, which causes the mucilage inside the pyenia to swell
and a mass of pycmoconidia to be extruded from the ostioles in the form
of small drops (Vobis, 1977). These small drops can be removed with EM
forceps and tramsferred to 4 small drop of stain and observed as
before.
For light miecrnscopy, Zeiss and H & C (Katzenfurt/Wetzlar)
* ' cewwsar mieroscopes were used, with magnifications ranging from one

hindred to ome thousand times.

1.3,3  Scapning Electron Microscopy (SEM)

The material to be viewed was mounted on suitabl. SEM stubs
usivg an ethanolic suspemsion of graphite, The mounted material was
cleaned using compressed air, and air dried ever phosphorus pentoxide in
a desiceator for a least 24 hours, The stubs were then sp utfer coated
under vacuum with gold-palladium, aund kept in an air- and dust-proof
container over silica gel desiccant, until they were viewed. A JEOL JSM
T20 seanning electron microscepe was used for viewing this waterial.

The materials and methods used to elucidate the lichen substance

chemistry of the specimens will be discussed in the follwing chapter.
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1.4 ¥LORISTICS OF XANTHOPARMELIA IN THE KAROQ

The species composition of each site of collection is given in
Appendix 5.2, Each major species is represented in Figure 3 by a symbol
arranged in the space of 4 quarter degree aquare (Key to Figure 3).
Sometimes :wu.ccllec:icma were made in the same quarter degree square
and these are both represented in the Same quarter degree square in
Fig. 3. As the type and aspect of exposure, if any, differs from site
to site, so the species composition apd relative abundance of these
species may vary fvom one site to the next, even though they may be close
together and have the same climate and geology (Appendix 5.1). The
availability of water as mist, dew and high relative humidity and the
presence of shade (especially in the first few hours of light) are
probably the most important factors for the growth of lichems im the
Raroo, with an amual water deficit of 4 to 10 dm (Schulze and MeGee,
1978, pp. 46-48). Thus sites high up on prominent relief features such

as in rapges and show lichen growth on

appropriste aspects. Others,near water courSes or near ground water
seepages, may shov upusually rich lichem growth on favourable aspects in

the immediate vicinity. This local effect of water on lichen abundance

" :

is bly caused by tion by the local higher plank
population due to inmcreased water availability and a lower value of

{less negative) soil water potential, It is possible that cn still
nights, the atmosphere attains high relative humidities as 2 result of
this tramspivetion., Wore dew is thus expected to condense out of the
atmosphere as it cools down beyond the dew-point in the early hours of
the morning (Monteith, 1975). This is of frequent ‘faceutl‘ance in the
Karoo as radiation io8s is high due to scant cloud cover on most

nights,
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3 Xenihoparmelia $loristics in the Karoo
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X. worcestert (J. Srein.et Zahlbr.) Hale
X. soabrosa {Tayl.) Hale

X. leptoplaca (Zahlbr,) Brusse

X, psoromifera (Rurok.) Hale

X. brunnthaleri (3. Stein.et Zahlbr.) Hale
X. dichromatica (Hale) Hale

X. sehenckiana (Mill.-Arg.) Hale

X. globulifera (Kurok. & Filsen) Brusse

X, colorata (Gyel.) Hsle i
X. adhaerens (Nyl.) Hale

X, tasmanicu (Hook.f.et Tayl.,) Hale

X. hypomelaena (Vain.ex Lynge) Brusse

X. comstrictans (Nyl.) Bale

X. hypoprotocetrarioa (Kurok.et Elix) Hale
X. hypoleia (Nyl.} Hale

X, colymnate Hale

X, exorsata {Zablbr.) Brusse

X. perepersa (Stiz,) Brusse

X. ohalybaetaans (J. Stein.at Zahlbr.) Hale
X. subconspersa (Nyl.) Hale

Omphalodium hottentottum (Ach.) Flot.
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Ancther cause for trhe variability of site species composition may
be the accuracy of sampling. Inthis respect the August 1976 collection
is less reliable than the Febzuary 1977 collection. The latter collection
usually contained several specimens of each species from each site, and
can thus be regarded as reasonably complete. In addition specimens on
xock may have various amounts of other species with them. These vorks
were examined thoroughly for signs of other species, and in several cases
small amounts to traces of a species are the only record of that species
at particular sites. However in most cases these rempants of thalli
represented species already collected.

With the above factors in wind the Xanthoparmelia £lora of the

Kavoo can be broadly classified into the following uuits (Fig, 1)t

1.4.1  The Northern Karoo

This ares is approximstely defined as those areas of the Karoo
north of 31 and weat of 23°F but excluding the Kareeberg in th. south
east. It is characterized by very hot summer days, with the exposures
of the Namaqualand mevamorphic complex oftem bearing mo Xanthoparmeliae.

The southern part is underlain by the Duyka aund Ecca groups, but these

4re poorly exposed. fTypical liae are X. b; lert, X.

psovomifera and X. scabrosa. Less frequent species axe X. chalybasizans,

x. X. perep 2, Ao K X, sub  Xo dectyi
and X, worcestert. In addition X, subramigera is kuown from the

Namiesberg,
L.4.2  The Central Raroo

This area extends from 3i°S .o the Roggeveld-, Nuweveld-, Bneeuw-

berg escarpment, and from 23°E te the Orange river, and includes the




Kareeberg, Exposures of the Bece and Beaufort groups are fairly
common, and dolerite koppies are numerous,

X t, ¥. dichromatica, X.

ptoplaca, X. perspersa,
X. achenckiona and Y. worcesteri are frequent and characteristic of thig
area, Less frequent species are X. chalybaeiaams, X, exoymata,

1. psoromifera, X.

» and X, bdecipiens, Also very
numerous are several speciee of Caloplaca, with the red (. haemgtodes

(Masg.) Zahlbr, most conspicuous.

1.4.3  The Roggeveld~ to Sueeuwberg Escarpment

This escarpment consists of good exposures of the Beaufort group
and dolerite, and the Xanthoparmeliae are abundamt. The central part of
this escarpment (aovth-esst of Besufort West) has been weathered and

should probably be included in 1.4.2,

AT

Common species are X. , X '
X. perspevsa, X. psovomifera, X. schencki X. sub 2
13 % and 0. Other elements such as pale

undersurfaced forms of X. colorata are present in the Roggeveld and
Nuweveld ranges, and X. heterodewa is present in the Sneeuwberg. Lass

common specles are X, dichwomotica and X, subdecipiens.
1.4.4  The Southern Karoo

This area is known geographically as the Great Karoo, It lies

batween the base of Roggeveld a b and the

Witte- and Suartberg, Host of the area is underlain by the Beaufort
group but is lacking in relief features, and was sampled sporadically
as a result.

Species found are X. persperea, X. leptoplaca, X. schencki !

X. subooncpersa, and X. i, with X, chalybasizans, X. i




X, tasmanieq and O. o

on better in

the western part of this area.

1.4,5  The Western Margin
Qn the whole, the aspect with the most abundant lichen growth

on this margin is weat facing. Lichens are prolific on these mountainms,

including the Xanthoparmeliae. Frequent species ara X. chalybaeizans,

X. colovata, X. x.

hupoled:
o X Byp , X perspersa,

X 8 2 X. , X & 2 x. L

P

and

0. hottentottum. The geuthern half of rhis margin differs from the
northern half in being somewhat wetter and prominent relief features are
axpasures of the Cape system rather than Namaqua metamorphic complex.
Several additional species are present in the southern half:~

X. adhaerens, more tightly aduate forms of X. constrictuns, X. dysprosa,
X. globulifura, X.

1 X. hypapre ica, X. tanthis and
X squamaticd.

1.4.6  The Southern Margin

The mountains on this margin are exposures of the Cape system.

Lichens are very ab on these ins, with the iae
being a major component. BSpecies present sre: X. adhaevens, X.
chalybaeizang, all forms of X. vonstviatans, X, dichromatica,

X. endomiltodes, X. , X globulifera, X. d %, hypoleia,
X K L X, hypop: a, X» ralla, X. aubconspersa,

X, subdsoipiens, and O, A X. colopata, X. perspersa,

and
X. schenckiana, AX. worcestert occur at drier sites on this margin,
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2, CHEMISTRY

2,1 THALLUS COLOUR REACTIONS OR SEOT TESTS

The fivst attempt at chemotaxonomy in lichens was made by
Nylandex (1866 a & b, 1867) when he showed that potassium hydrexide and
caleium hypochlorite solutions yield colours with certain lichens.
Although great emphasis was subsequently placed on these colour reactions
in the determination of species, the structures of the compounds cdusing
these resctions remained unknown until the turn of the century (Zopf,
1907, 1908). The reaction colours ave somewhat variable and similar
colours way be produced by several lichen substancas. Despite this in~
sensitivity, the spot tests are useful £or the confirmation of the
pregence of certain lichen substances,

In this study the varlous solutions were delivered using eleatrom
microseape forceps, which could be manipulated to deliver very small
amounts of the appropriste solution, even to very small lobe fragments.
Four spot reagents were routinely used, and were appliad to the medulla

unless gtated otherwise.
2.1.1  PARA-PHENYLENEDIAMINE P(1,4~diamincbenzene)

A 1% aqueous solution nf this reagent, prepared by the method of

Steiner (1955} (see appendiz 5.3), was found to be most suitable. In

this form the reagent iy less hazardous to the user than an ethanolic
solution, although colour production not only tekes longer but also
ditfers slightly. The colours are caused by Schiff's bases, formed by

the condensation of aromatic aldehydes with p-phenylenediamine, and range

from yellow to deep red.
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In the lichens aromatic sldehydes are invariably f-orcinol depsides and

depsidones, which sometimes react with K as well.
2.1.2  POTASSYUM HYDROXIDE, K

This reagent is usually spplied to the medulla as a 10% aqueous
solution, hut may aleo be applied to the upper surface, as some minutely
falty species have lichen substances in this region, The colour response
varies from yellow (e.g. stictic acid) to blood-red (e.g. salazinic acid),
and several weak reactions occur also (see 2.5). Moat K+ substances are
B-oreinol depsides and depsidones (the reverse is not true) and many arve
P+ as well. In this case the mode of colour formation 18 not understooed.

The anthraquinone skyrin changes from oramge to vialet in strong
base (K), the latter being the colour of the conjugate base (of skyrin).
Other pigments with yellow to red to vislet tones have been suspected to

be anthraquinonee if they give K+ viclet to purple reactioms.

2,1,3 CALCIUM HYPOCHLORITE, C

Although sodium hypochlorite (commercial liquid bleach) ia some=
times usad for this test, its high pH may theoretically resuit in a KC
reaction (see 2.1.4), The original aqueous suspension of bleaching
powder, caleium hypochlorite (ca(ocl)l), is ihus preferable. Tt auspen—
sion has a short shelf~life, but was always found ta be active when & chlo~
rine odour was detectable. This was chevked .sing a known positive such
as Parmotrema austroginense (Zahlbr.) Wale or Pammelia subrudecta Nyl.

4 positive ¢ Yeaction indicates a resorcinol, without resonance
vithdeawing (soch as ~ CHO and -COOH) or bulky (such as ~CH,00CCH=CHCOOR)
groups between the two hydroxyls. 4 positive C roaction is atill obtained

if groups such as -CH3,-G1 and o a legser extent ~CH,0H are between the
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two hydroxyls. The mechapism and cause of colour production is not kmow. ,
but Santesson (1973) reported that the yellow tetrachloredihydrooreincl
wss the only coloured compound isolated from the C reaction with orcinel.
In the present collection, the only compound to give a stxong C
reaction is lecanoric acid, but sometimes the concentration is so low
that no reaction is obtained. This was observed for 2 specimen of
X. wovcesteri {772 4-2-16pp.) growing in total shade on the underside of
a rock, Gyrophoric acid, which is often reported as C+ pink, is C- in

the few examples available, and this is also presumed to be due to the

low ions present. b yibarbatic acid gives a C+ yellow

to orange reaction. Speci ining either hyp ie or

4=0~demethylnotatic acids (depsidones lacking free meta hydroxyls) or
both, give a pale citrine yellow reaction with C, which is sometimes also
fleeting yellow to pale orange initially. Similar exceptions are known
for glomellic and glomelliferic acids in the Neofusceliae (Esslinger,

1977). :

2.t.4  POTASSIUM WYDROXIDE-CALCIUM HYPOCHLORITE, KC

For this test the K reagent is applied to the medulla first,
followed immediately by the C reagent. Lichen substances which on hydro~
1ysia with ¥, satisfy the conditiocns stipulated above for the € reaction,
give a KO+ veaction. The would be KC+ colour rasponses are not observable

with Eh tically KC+ lichen which give colours with X.

In the Karoo Xanthoparmeliae the colours slicited by KC+ substances
are rather weak, ranging from pale rose to orange. Although often weak,
the KC reaccion is very useful in the elimination of the possibllities of
those lichen substances which do not otherwise react with any of the apot

reagents,
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2,2 MICROCRYSTAL TESTS {(MCT)

The elucidation of the chemical structures of the lichen substances

brought the realizarvion that spot fests were insufficient to ideatify the
Lichen

and the mi 1 tests were developed (Asahina,

1936-1940). This relatively simple procedure facilitates the determina—
tion of many lichen substances, but many recrystallize umsatisfactorily,

if at all, and mixtures can be a problem. In this study the microcrystal

tests were used, where feasible, to confirm the identity of lichen sub~

stances previousiy identified by thin layer chromatography (TLC).

2.2.1 LICHEN SUBSTANCE EXTRACT Ui

A suitable quantity of clesned lichen material is placed om a
elean glage microscope slide and extracted several times with a guitable

solvent (which is acetone in the majovity of cases). It has been found

that the most suitable method is to place the slide, raised about } am

at one end, i a siide warmer., The lichen material is placed on the lower

end of the slide and flooded with the requited salvent. Upun evaporation

of the solvent, it is found thar a large proportion of the residue crystal~

lizes out on the raised end.

ions uging

ively
swaller amounts of solvent, results in 3 series of rasidue bands on the
raised side of the slide.

Touble extractions were needed for species such as X.endomiliodes
and X, tanthing, becsuse the pigments interfere with both the MCT amd TLG.
In this case the lichen material was extracted with benzene first and the

residue cnllected, followed by the normal acetone extraction. It was found

nacessary to extract the acetone residue with benzena once agein as it was

slightly contaminated with pigments. The combined benzene residue was then




P

A g e

e e

w
4

treated separately from the acetons residue.
2.2,2  RECRYSTALLIZATION FROM STANDARD SOLVENTS

The acatnne residue (sometimes with pricr extraction with benzeme,

0 remove ant ‘nones and fatty acids) is scraped together and
distribui - clesn, labelled microscope slides as the number
of microu. ©  requires. The recrystallizing solvents used are:

{11 proportions by -ulume, respectively.)

GAAn -~ glyceroliethanolsaniline .....ve.,.. 2:2:1
GAoT -~ glycerolinthanolio-toluidine ....... 2:2:1
GAQ - glycerol:echenol:quinoline .....e... 23230

GAW  ~ glycerol:ethanoliwater ,..... o lilst

GE - glyceroliglacial acetin aeid ..ie.., 133

GWPy -~ pglyceroliwaterspyridime .......oe..0 13321

Twa to three drops of the requized solvent are placed beside the residue,
allowed to rue into 1&, and covered with a glass coverslip. 'The slide

is then warmed gemtly over a spirit flame or low bunsen burner, taking
judicious care that the solvent does not boil, uniil the residue is
largely or completaely dissolved {obsarved by the apacity of the solution).
The plide is then allowed to cool at room temperature, and obsarved undev

4 compound microscope after ten minutes, two hours and 24 hours. The

crystal £ormetions are to those veported inm various sources
such a8 Hale (i967b, 1969, 1979) and Taylor (1967, 1968), as well ag many
individual papers dealing with specific or specific groups of lichen
substances. Hale (1967b) and Taylor (1967) give detailed well
illustrated accounts of the microcrystal test procadure, Plates 9 to 13
depict microcrystals of some of the lichen substances found in the Karco

lige, The photomicrographs, plates 9C, 13C and D, show
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substances which were used for comparative purposes and wete mof present

in Xanthopaxmelia in the Karco.

2.3 THIN LAYER CHROMATOGRAFHY (TLC)

A variety of i for lichen

‘have been published in the past, but these have each dealt with relatively
small numbers of these compounds (se: Santesson (1973)). Culberson and
Kristinssoun's (1970) putlication however, presents a routine method for
identifying many known and some unknown lichen substances. In the present
study this method has been used together with the laver modifications and

imprevements of C,F. Culberson (1972, 1974).

2.3.1  PLAYE PREPARATION AND EXTRACT APPLICATION

Merck Silica gel 60?254 pregoated TLC plates (layer thickness 0,25

om) were uged for the chromatographic amalysis. 10 x 20 cm plriss were

used for economy, as most sub could be ch ized adi 1y

with a 7} to 8 em run. The method relies on the behaviour of the lichen
substances on thege plates in thyme differan: solvents, demoted A, B and C
{see 2.3.3), Bach plate csn accommodate 15 lichen sxtracts applied ag
spata. Thus for each set of 15 lichen extracts to be amalysed, three TLC
plates are requived, labelled A, B and C fcr the golvents they are to be
vur in. A line (the origin) is drawn in soft penmcil, 2 cm from the bottom
{20 cm wargin) of each plate. This line in turn is divided up into 18
positione, 1 cm apart, leaving 1.5 cm free at both ends. It is also use~
ful to clear § mm of the silica gel layer from around the pexiphery of

the plate to prevent soiling of the layer during handling. Positions 1,9
end 18 are spotted with & standard mixture containing norstictic acid snd

atyanorin. In this case the standard mixture consisted of the combined
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extracts of Omphalodium hottentottwn {sch.) Flot. and Heterodermia boryt
(Fee) Hale.

Each of the 1§ residues, obtained as described in sectiom 2.2.1,
is seraped 3nto 2 corner of the slide, redissolved in one or tso drops of
acetene and taken up into a finely drawn out pasteur pipette. This is
then applied to the identical position on the origin of each of the three
plates. The sbove process is vepeated until the residue is completely
removed from the slide and spotted omto the plates, Each positien is
labelled suiisbly ad the residue transfer is completed. The capillary

pipettes are,ol course,cleaned thoroughly with acetone before proceeding

with the next r.zidue.

2.3.2  EQUILIBRATION

. Since the Merck company raduced the concentration of binder in
their silica gel precoated plates, it has become necessary to equilibrate
the spotted plates B and ¢ in acidic atmospheres to retain, as far as
possible, the R, values published originally by Culbersen (1972) (Culbersem,
1974). Plate B is equilibrated for 10 minutes over (but mot in) 70%
aqueous formic acid in a sealed glass vessel, and run immedisrely. Plate
€ is equilibrated over glacial acetic acid in the game way, and run imme-

diately,
2,3.3 THE CHROMATOGRAPHIC RUN

The three solvent systems used are (by volume, respectively):
T A Benzone: diowan: glacial acetic acid 180:45:5
B Hexane: diethyl ether: formie acid 125:85:20
. € Toluene: glacial acetic acid 200130
i ALl solvents used were of analytical grade and were not purified further.

l The solvents are used at a depth of 1 cm in thres standard TLC tanks
s




respectively. In the present study it was necessar, to use filter paper
liners in the tanks containing solvents A and C, in order to adjust the

B¢ value of atvanorin 2 a suitable value (¢.7 to 0.8). The liner for
solvent A was 8 om in heigii above the solvent level, and that for solvent
Cwas 2 cm in height. No liner was necessary for solvent B. The ambient
temperature was also found to affect this, higher temperatures increasing
the R value of atranorin. A suitable rumning tempsrature was 23°C, under
the conditions stipulated abave. After a ten minute vapour equilibraticn
period for plates B and €, the plates are run in their respective solvents
to a height of 7,5 to 8.0 em, Immediately after removal, the positions of

the sclvent fronts are marked in soft pencil.
2.3.4 VIEWING AND DEVELOPMENT

The plates are viewed in daylight, and in lougwave (A max = 350 mm)
and shortwave (A max = 254 nm) ultraviolet light. The positions and
optical characteristics of the spots were recorded on the plates themselves,
using a morking code. They are then sprayed with 103 sulphuric acid
(stol’) in an ¢ “ficient hood. The plates are dried in an oven, till the
free liquid just evap - *es from the surface of the nilica gel layer. At
this point, aliphatic substances show ‘p as unmarked opaque spots, acd are
encireled in a ditindtive uanner. The plates are heared at 110°C for 15 to
20 minutes to reveal the varfously coloured spots of the aromatic and ali-
eyclic lichen substances present, The reverse sides of the plates are
then wipaed dry to vémove any remaining sulphuric asid.

The colours of the spots were xecorded one or twn days after
development, but the colour oun removal was alsa moted. In most cases the
colours remained essentially the same, but barbatic and 4-O-demethyl-

barbatic acids, and the associated unknown compounds were exceptions.
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The spots of these compounds weve yellow but became ochre aftex 24 hours.
This is in contrast with orcinol para-depsides such as divaricatic acid
(which has similar R; values to barbatic acid under the conditions uged),

which remsin yellow at 24 hours.

2.3.5 DETERMINATION OF Rf CLASSES AND Rf VALUES

The RE classes are based on the two control substances, norstictic
acid and atranorin. The anter limits of the control substance spots at
positions 1,9 and 18 are joined together by straight lines in soft pameil.,
The tops of the spots at the origin are joined in the same way. If the
distance between the latter line and the lower norstictic acid line is
divided into two, and the distance between the upper norstictic acid line
and the lower atranorin line is treated likewise, them the plate is divided
iat0 8 R, classes (zones) as defined by Culverson and Kristinsson (1970).
These R, classes are mmbered L to 8 as in figure 4.

Solvent Eremt-

8
z sy 7
6
5
e vox ros 4 10cm
3
R 2
Origi: = = - 3
1 7
o, oty

Fig. 4 DIAGRAM OF A TLG PLATE SHOWING Rf CLASSES (AFYER CULBERSON

AND KRISTENSSON (1970)).
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Although the Rg c‘lass combination and the optical characteristics
of hoth developed and undeveloped lichen substance spote uarrow down the
number of possibiliii: . considerably, it is usually necessary to determine
the actual Rp values, if any meaningful comparisons to published regults

are to be undertaken. The R, value of any spot is the distance that it

£
has migrated, divided by the distance of the solvent front from the origim.
The Re value is always equal to, or less than ome, but in th: lichenolo~
gical literature, it has become customary to eliminate the decimals by
multiplying through by a factor of 100. The R; value of any particular
lichen substaice is compared to published data, in the light of the Rg
values of the control spots (morstictic acid end atzanorin). These latter
values conventionally follow the Bg value of each lichen substance, pre-
ceded by a virgele (/) (See Table 1). The Ry value of the boundary between
R; classes 5 and 6 is placed in paventheses in table 1, and is included for
convenieace. Thus in table 1, the R; classes of each lichen substanceare
fallowed by three sets of figures: those preceding the virgule being the
Rg values (x 100) of the lichen substance in the three solvent systems,

and those following the virgule being the Ry values of the control sub~

stances, with the Ry value of the 5-6 Ry boundary in parentheses.

2.3.6  MICROMYDROLYSIS

This pracedure was used to identify depaides wlth undiagnostic

ar awbiguous Rf values. Where the to be hy d

are by ive layer using the most suitable
of the three standard solvents. The bands of the separated depsides are
locsted in shert wave UV, and each ecraped off inte a separate small vial.

The wicrohydrolysis was carried out with the dapaide on the silicas gel,

in these cases. A minimum amount of concentrated sulphuric acid (uswally
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3-6 drops, depending on the amount of residue) is added to the residue

in & small glass vial and mixed thoroughly usirg a whirlymixer. The
solution is cooled in a freezer for 15 minutes, and then crushed ice
added, which is mixed into the solution. The dilute acid sql\ution is
extracted three successive times with ether, sach drawn off with a pasteur
pipette, and evaporated on a microscope slide. The residue is taken up

in ether and spotted onto three TLC plates, next to spots of unhydrolysed
material, in the usual msaner. In this study the idemtity of everaic
aeid, the barbatic acid group and compounds related to thammelic acid were

established with the aid of microbydrolyses.

(i) EBvernic acid wes identified by microerystal tests (plate 13E
and F), and as the Rf values deviated from those published for this sub-~

stance, i ion of this identification was required. To this end

barbatic, lecanoric, evernic and divaricatic (obtained from Neofuscelia
pulla (Ach.) Essl., plate 9C)acids were run next to their hydrolysis pro-
ducts on the same plate. The results show the presence of orsellinic
acid (ring B, the subunit of both rings of lecanoric acid) and 4-O-methyl
orgellinic acid (running just below 2 hydroxy-,4~methoxy-6-propylbenzoic

acid, the A ring of divaricatic acid) in evernic acid (Table 2).

(ii) The number of porgibilities of compounds with similar Rg

combinatione to barbatic acid was relatively large, and a suries of othar

p 4 including 4-~0-demethylbsarbatic acid, commonly occurred with it.

Specimens of X. brumnthaleri containing large amounts of pairs of these

substances were selected, and the lichen substances in each separated by

ive layer , using the most suitable solvent system.

Barbatic and 4-O-demethylbarbatic acids and the nunknowns barb-l to baru=4

vere run with baeomysic acid and atranorin, each next to its respeative
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hydrolygis residue. Bueomysic acid was obtained from Siphula torulosa
(Thunb. ex Ach.) Nyl, (772 6-1-14; see ﬁe;ﬁz et al. (1965) and Mathey (1971)).
All the f-orcinol depsides in X.brmumnthaleri, except barb-4, contained
3-methylorsellinic acid (the B ring of baeomysic acii). None contained
methyl 3-methylorseilinate (the B ving of atvanorin). 4-O-demethylbarbatic
acid is composed of 3-methylorsellinic acid alome, whereas barbatic acid
has this and 4~0-methyl-3-methylor -1linic acid as subunits. Barb-2
yielded an unknowm subunit (Z, in table 2), pale pinkish-brown in colour

on development. Second subunits for barb-l and -3 were not detected,
although both were distinct not only from each other, but alse £rom 4~0-

demethylbaxbatic acid (Table 1),

(iii) The 3 . vty of baeomysic acid, is oxidised to a
carboxyl (or carbino. roup in the concentrated sulphuric acid used
in the wicrohydrolysis procedure. The oxidised A fing of bacomfgic acid,
4=0-methyl-3-carboxyorsellinic acid, is identical to thwue of thamolic
scid, Th-1, and of course, squamatic acid. The other subunits, such as
the 3-formyl-5-hydroxyorsellinic acid of thamnolic aiid, are presumed to

zepain at the origin.
2.3.7 TABLES 1 AND 2

Table 1 liats the lichen substances found in the Karso Xanthopar-

mellae. The structures of all named compounds ave known with the exception

of ietic acid. ictic acid and loxedin wewe included in

the table for the sake of completeness although they were mot Jdotected iw
the present Xandhoparmelia collection, About half of the compounds are of
unknown structure, but wost species contain at least one compound of krown

Several

aporadically in minor amounts were

omitted from the table, because of the doubt ing their Rf

iatics.

JE U
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Table 2 vepresents the hydrolysis data of this study, and one

unknown is present (2).

2.4 THE CLASSIFICATION OF DEPSIDES AND DEPSIDOBES

The claseification of depsides and depsidones has been based on
the most Likely biisynthetic route (see section 2.6), that is, their
formation from two to four orsellinic acid dgriva:ives and/or analogues.
Depsides and depsidunes consisting of orsellinic acid (fig. 5) or velated
compounds, are called oreinmol depsides and depsidones, and those derived
from 3-methylorsellinic scid (fig. 6) or related compounds, are known as
g~orcinel depsides and depsidones,

: COOH COOH
~HgC OH HaC OH
s s CH.
OH OH 3
Fig., 5 Orgellinic acid Pig. 6 3-methylorsellinic acid

The ring with a carboxyl group esterifiedwith a phenol, is called the A
ring, with positions o benzene ring labelled 1 to & as in figures 5
and 6. The remaining ring is known as the B ring, with sromatic positions

labelled 1' to 6' in the same manner (Fig. 7).

CHy OH
o Thy

Fig. 7 The orcinol para-depside, lecanoric acid.




' A1l known depsidones are estevified using the 4' hydroxyl group. meta~

Depsides are derived from 2,4-hydroxy-6-methylbenzoic acid derivatives
which pogsess "extra" sryl hydroxyls. In the orcinol meta-depsides the
extra aryl hydroxyls occur in the 3' positions (fig. 8) whereas those in 1
the B-orcinel meta~depsides oceur in the 5' position (fig. 9). In both
cases it is these "extra" hydroxyls that are esterified, so that the
carboxyl group (if present) on the B ring is positioued meta to the aster

functional group.

_COOH

3“7
e

OCHy HgCo

Fig. 8 The oxcinol meta-depside, 2-O-methylsekikeic acid
(Chester and Elix, 1978). |

CH3 HyG COOH

‘ HBCO €0 'OH

HOOC CHO

Fig. ¢ The B-orcinol meta-depside, thamolic acid.

The depsides and depsidones of the orcinol series are similar to
ope ancther in that they may contain: (a) n-alkyl groups coutaining up
to 7 carbon atoms, in the 6 posil;ions of the component 2,4-dihydroxybenzoic
geid subunits; and () “extra" hydroxyl groups in the 3 positions of the
subunits. The f-orcinel depsides and depsidones: (a) all possess "extra"
gingle carbons in the 3 positions} (b) all have one carbon substituents

in the 6 positions; and (¢) may be hydroxylated in the 5 posithas of the .

2,4 dihydroxybenzoic acid subunits. There are a few exampies of mixed

depsides and depsidones, in which one ring is an orsellinie acid derivative, 5
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and the other a 3-methylorsellimic acid derivative. Such examples axe
restricted to the para esterification mode (i.e. mo "extra" hydroxyls
present,) and simple methyl substituents in the 6, and when present, 3
positions. (e.g. methyl 3'-methyllecanmorate, 3'-methylevernic acid
(Nicollier et al., 1979), obtwsatic acid (£ig. 10) norebtusatic, motatic

(fig. 11), and 4~O-demethylnotatic acids).

: CHy oH
HCO oo —@COOH
HC0H Chy

Fig. 10 The mixed depside, obtusatic aeid.

o)
CHy /0
L
0 COOH
H3CO CHy  HaC

Fig. 11 The mixed depsidone, nocatic acid.

2.5 THE LICHEN SUBSTANCES

11 on the following compounds may

to p
be found in Culberson (1969a), Culbersrn (1970), and Oulberson, Culbersom
and Johnson (1977). Only references not mentioned in these compendia

will be cited.

2.5,1 ORCINOL DEPSIDES AND TRIDEPSIDES

Only para iichen substances of this class are known in the Karee

Xanthoparmeliae.
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(1) SBvernie acid (4-O-methyllecanoric acid)

CH OH
HyCO 00 COOH
OH CHy

This is a rare substance in the Karoo Xanthoparmelise occurring in a total
of 5 specimens of two widely differing species, X. heterodoxa & X.dysprosa.
Evernic acid occurs on the western and southern margins. ALl spot tests
are negative except for an occasional KO+ rose or pale orange reaction.

It recrystallizes as braached nesedlecfusters in GE (plate 13E and F), and
forms very coarse solid needles in WPy and rectangular plate clusters im

GAQ.

(ii)Gyrophoric acid

- OH CHy QH
HO@COO@'CC{J COOH
CHy OH

Gyrophoric aecid is very rare in the Karoo Xanthoparmeliaze, occurring on
the southern margin in two gpecimens of the same species, X.leucostigma.
It was not found as an accessory substance in amy other species, Gyrophoric
acid reacts G-, KC+ rose in the concentrations found, and reports indicate
that it does oot have a diagnostic microcrystal habit in any of the

regularly used recrystallizing solvents,
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(iii) Lecanoric acid
—CHg OH
Hoy COO@COOH
OH CH

3

This substance is quite common in Xanthoparmelia occurring in 50 specimens
of a ¢common and a rare species, X. worcesteri & X. hetgrodoxa (in which it
i occurs as am aceessory to evernic acid) respectively. Like X. worcestert,
lecanoric acid is widespread in the Kavoo, and usually causes a strong C+
red reaction (K-P-). However, a specimen found on the underside of a rock
(772 4-2-16) was C~ due to the very low medullary comcentration of this

\, substauce. Branched needle clusters in GAW (plate 10C) are typical for

1 lecanoric acid.

2.5.2 ORCINOL DEPSEDONES

This class of lichen substances is rare in the Karco Xantho-
parmelise, being represented by norlobaridone in two specimens of

X. sedbrosa from the northern Karoo.

(1) TLoxodin (Methyl, 4-O-demethyllobarate; = Neoloxedic acid).

Q : .
F9C, 50 0 ‘

NyoH '
" HO 0" N\=/000CHy i
: i CeH }
Loxodin occurs with norlobaridone, but in the Karoo specimens this sub- ‘
3 stance was present in trace amouris. ! '
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(ii) Norlobaridone (= loxodic acid)

HgC, 00 0
ot

HO 0
CsH

As mentioned sbove, noriobaridone is rare in the Karco, amd is negative
to all the spot tests except KC, which gives a rose coliur. Microcrystal
tests involving this substance were not performed. Norlobaridome is very
commoa in the Australasian Xanthoparmeliae (Kurckawa, 19695 Hale, 19713
Galloway, 1979). Traces of other substances vere also present, but the Ry
values could not be correlated to thase of the newly reported substances
norlobaricl {Foo and Gwyn, 1978), conerlobaridone and conloxodin (Beg et
al., 1979}, Loxodinol has also been reported vecently for this smecies

in New Zealand (Foo and Galloway, 1979).

2.5.3 B-ORCINOL para~DEPSIDES

(i) Atranorin

CHy  HyC__OH
HO 00 COOCH3
OHC™="0H Chy

[The depsidone corresponding to atranoxin, is methyl virensate (Repner

at al., 1978); = granulatin (Goh and Wilkens, 1979). The depeidone

to 5chl in is physciosporin (Maass et al., 1977),i (

=5~chloro-mothylvirencate (Renner et al., 1978); = chlorogranulatin (Goh
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snd Wilkins, 1979)]:

Atranorin is a cowmou substance in lichens, but is xare in the
Xanthoparmeliae. It sccurs with usnic acid in trace to quite large
amounts in several species, motably X. chalybaeisans, X. leptoplaca and

X.adhaerens, and is wid d within this genus in the Karoo.

Clusters of long neadles im GAoT (plate 1OF). confirms the presence of

atrenorin.

(ii) Barbatic acid

CHy HiC__OH
’ r@co@»coo —@coon
MO0 CHy

[The depsidone corresponding to barbaric acid is 4-O-methylhypaprotocetraric
acid]. Barbatic acid is found im part of X,brumsthalert and in the rare

X. burmevstert. It was founl in about 24 specimens, often tegether with

4-O~demethylbarbatic acid. In X. b i these two occur
with barb-1 to barb-4, with various combinations of 2 to 4 of these 6
substances per individual, This substance is wid gpread, but like its

main producer, X. brummbhaleri, is abundant in the central and eastern .
areas of the Karoo. The only spot test to give a positive colour reaction
with barbaric acid is the KC test, which gives a rose te pale vrange

wolowr. This substance vecrystallizes from GAoT as thin plate clusters

(plate 9A and B, and possibly plate 10A), aud as cosrse cubes.or synare

rods from GE (plate 108).
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(iii) 4~0-demethylbarbetic acid

CHy  HaC__OH

HG Co0 COCH
H{L™0H CHy
[The depsid ing to & thylberbatic acid is hypop

cetraric acid]. This depside occurs with the 4-O-methylated derivative,
barbatic seid, or with the unknowns barb-1 te -4, in about 17 specimens
of the same two species mentioned under barbatic acid. 4-O~demethylbar~
baric acid is distribured similarly to barbatic acid, and appears to be
the cause of the C+ citrine yellew to orange reaction. The KC reaction
is always stronger whem & C+ reaction is present, becoming bright orange

in gome cases.

(iv) Squamatic acid

at

Squamatic geid is rave in the lise i the Kaxoo
Pakhuis Pase mear Clanwilliam in 3 specimens of -he two unrelated species
X, hypomelaens and X. equamatica. Lquamatic acid it very strongly blue~
white fluorescent in longwave UV, which distinguishes it £x-m any other

known compound in this genus. It does not react with any of the spot

. reagents, although, like atranorin, a KC+ response is expected in theory.

Thiz substance forms coarse prisms in GAdn (plate 134).
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2.5.4  B-ORCINOL metq-DEPSIDZZ

(i) Thamnolic acid

CH3 HaG COOH
HaCO. €ao H
HOOC™0 HO™ CHO

Thamnolic acld was found in two sgecimens of the type strain of

X. hypomelasna, which cceurs on the and ins

Thamnolic acid reacts with K to give a colour which is rich citrine yellow
at first, which then becomes yellow-orange. It gives an orange colour
with P, but is negative with the KC and C spot reagents. Dissolving
thamnelic acid in concentrated sulphuric acid for micrchydrolysis rvesults
in effervescence,due to the decarboxylation of the 1' carboxyl group.

This substance gives large branched clusters of smail needles in GAAn

{plate 9D},

2.5.5 JRCINOL DEPSTOONES

These are the mnst frequent compounds found ¥u the Karoo Xantho-

parmeliae.

(1) Constictic acid (40

mathylsalazinic asid}

CHy %— 0, CHyOH
OH
co 0
s HO G
HON-0Q
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Conscictic acid occurs comsisteatly with stietic acid (never with
salazinie acid), in mederate, or less commonly major a.ounts. See

section 2.5.5 (xiv) for the distribution of this substance

(i1) Fumarprotocetraric acid

H3G 0, CH,00CCHACHCOOH
OH
HO 0 00H
CHO Hgf

This substance is widespread buf not common in the Karoo Xanthoparmeliae,

and was identified in 7

of X, sub . i

acid was always found with either succi ie or 4

acids or both. The K reagent gives no colour at first but then develops
a dingy yellow to dingy red colour. Fumarprotocetraric acid rescts with
Steiner's stable P veageat to give a yellow colour which becomes a blood

zed colour over a mimute or so.

(iii) Hypoprotocetraric acid

H3G 0, CcHy
7 { OH
o' Q O0H
CH3 ch
[me depside ing to hypop e acid is demethylbarbatic

acid.]
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Hypoprotacetraric acid was found usually io msjor amounts, rarely in

of

small amounts, in about 140 of X. perapersa, 15
X, hypoprotocetrarica, and 8 specimens of X, colummatz. This substance
is extremely common and widespread, becoming rare only in the Northern
Karoo, Hypoprotocetraric acid is (a) K+ faint yellow, sometimes becoming
wine rose to pale violet on drying; (b) often XC+ rose; and () P-,
Medullae containing this compound are also often a faint rose colour,
which turns to a very pale citrine yellow colour on application of C.

As reported by Culbers = (1965), hyp ic acid veerystallizes

from GE ar fime to coarse prisms (plate 11D and E) and as gently sickled

clongate plates from GWPy (plate 114, B, and C).

{iv) 4~)-methylhypoprotocetraric acid

9 .
YN
OH
HyCO 0
O, oA

[the depside corresponding to 4~O-methylhypoprotocetraric acid is
barbatic acid.]

Although the R; v.lues obtained for this compound differ fiom those
xeported by Culberson and Hale (1973), it is assumed to be due to the
thange in the binder concentration in the silica gel of the TLC plates
used (see gection 2,3.2). It was found in subsidiary auounts in i4 out

lea, 7 i of X.

of 15 i of X, hypop
and 24 (mostly subcrustose) out of i50 specimeny of X. perepersa. The

geographic distribution of 4~O-methylhypoprotocet: ‘wie acid is wesentially




that of hypoprotocetraric scid except that it occurs more rarely.

(v) Hypostictic acid

Hypostictic acid, which has been known as PQ~i (Culbersom, {972), wzs
first found in X. quintaria (Hale) Rale (Hale, 1371}, a taxon not
present in the Karvoo collections, The structure of this despidone was
elucidated by Keogh (I1978) and was encountered sporadically {oun three
oecasions) with stictic acid in X. adhaerens, Hypostictic acid is
conspicuous on developed TLC plates as bright red spots, which arxe in

contrast to those of norstictic acid, which are orange.

(vi) Worstictic acid (4-O-demethylstictic acid)

qQ
CHg 0 CH3

7 | I Nor
0 -
HO\HO F )

HOY0




Norstictic acid is widespread as a subsidiary compound in species
containing salazinic or stictic acids, The gpot tests are obscured by
those of the accompauning subgtances, but looge, staggered or clusterel

squave plates in GAoT are diagnostic for norsticrie aeid (plate 12C, D,

E, aud F).

(vii) Novatic aeid

OH
HAC0 0~ COOH
Ty uf

{The depside corresponding to moraric acid is obtusatic acid.] Noratic
acid was found occasionally in X. perspersa, in trace to minor amounts.
The substance is pasily detected on plate C, where it is clearly

ic and 4~O-demethylmotatic acids, and

d from hypop

zssociates.

{viil) 4~O-Demethylnotatic aecid

1

idone is b ic acid.]

[The depside ing to this

Unlike notatie acid, its é-O~demethyl. ! derivative is both common and




widespread (in X. perspereqd) in the Karoo. It was absent, or present

only in trace amounts in all i of X. hypop: ica and

X, columngta in this eollection, but Culberson and Hale (1973) repoxted
it present in the latter species. 4~0-demethylnotatic acid wae present

in minor to fvequently major amounts, in most (120 ocut of 150} specimens

of X. pevspersa. This is to be vesponsible for ti.
rose to orange KC reactlon, which is slightly stronger than that produced

by bypoprotocetrsric acid.

(ix) Physodalic acid ("acetoprotocetraric acid")

Q
CHy /0 CH00CCH;
OH
0
HO %0 HaC ooH

Physedzlic acid occurs fairly frequently in trace to minor amounts with

fumar~ and ¢ acids in X. aub + The

to the spot reagents is masked by the more abundant compounds with which
it occurs., Microcryatal tests ware not attempted because of the low
amounts present in relation to other substamces, but it cxystallizes

Erom GE as colourless elomgate prisms (Kurokawa, 1967).

{x) Protocetraric acid

Hag O _CHyOH
OH
Ho' o O0H




Protocetraric acid, present in X. dichromatica (30 specimens}, X.

hypoleiu (30}, X. schencki (75) and X. sub D (45), is very

cownon and widespread in the Karoo, occurring in 1/5 of the collection.
Protocetraric acid vaacts K~ or faint yellow, KC+ rose, C-, and P+ orange
to orange-red. It is found comcistently with viremsic acid in

X. hypoleia, and is uften present in X. subconspersa, alome or in

variahle combinations, wiih multiples of up to three of suceinoprotocetraric,

physodalic, fumarprotocetraric and virensic acids.

(xi) Psoromic acid

Psoromic acid is present in X, psoromifera, which is widespread in the
¥aroo, but abundant only in the Worthern Karoo (26 specimens examined).
The specimens (which contain 2'-O~demethylpsoromic acid also) are all

P+ citrine- to golden-yellow, but negative to the remaining spot
reagents, Although identical to the psoromic acid in Thimocarpon
geograrhicum (L) DC in TLC characteristics and spok reactions, the
psoromic acid from X. psoromifera failed to crystallize im GE.(Plate 13C,
and D show psoromic acid from R. geographioum (768 10-2~8) recrystallized

£rom GE.)
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{xii) 2'-D~demethylpsoromic acid {= compsoromic acid; =

neopsoromic acid)

9
GHy »—O0 Gy
oH

HO' 0
¢Ho O0H

Bvidence for the structure of this compound was presented by Keogh (1976).
27-O~demethylpsoromic 2cid occurs consistently with psoromic acid in

X. peoromifsra, but usually in lessar amounts.
(xiii) Salazinie acid

CHy 0)\\*‘ 0 CHOH

OH

% ° )=\ 0
HOM.0

8alazinic acid is very common and widespread in the Karoo, oceurring in
several species of Xanthoparmelia, some of which ave very abu: lant.

These are X. chalybaetzans (135 imens), X. colovata (25). X.

constrictans p.p. (15), X. endomiltodee(5), X. exovnata (50}, X.
ytida (2), ¥. leptopl (503, . jea {35). Salazinic acid

2

Gl
is present {n approximately ome third (320 specimens) of the collaction.

This substaaces gives 2 yellow colour o initial application of K,
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which becomes blood-red within a minute. ‘The KC test may bleach the

X tespomse, and C alone has no effect. An oramge colour is produced

with P. Salazinic acid forms boat shaped crystals in GAoT (plate 10D}.

(xiv) Stictic acid

0
CHy )—0 CHy

COM 0
"3 o

Stietic acid, in contrast to salazinic acid, is wncommon in the Kaxoo,

occurring slong the southern and western margins in X, adhaerens (15

» X 2 (1), . 2 p.p- (20), and X, molliuscula
{6). The X test givesa yellow or yellow-orange colour and the F test

gives an orange colouv with stictic acid, However these colours are the

combined effects of stictic and constictic acids, and other B-orcimel
depsidones occurring with them, on these reagents. Stictic acid forms

unmistakeable hexagonal plates in GAoT (plate 124, and B).

{xv) Succinoprotocetraric acid (= sublimbatic acid)

H3G 0, GH00CICH;,000H
oH
HO 0 00H
HO H3C




Succinoprotocetraric acid {s common in the widespread species X.
subconspersa (50 out of 75 specimens) and pregent in X. subramigera
(2 out of 2), This compound doesu't react with K at first, but slowly
becomes a dingy orange or red over a period of a few minutes. The KC
test may bleach the K reaction and the C test itself is negative.
Succinoprotocetraric acid reacts with Steiner's P reagent to give a

yellow colour which becomes blood-red within a minute.

(xvi) Viremsic acid .

Q
CHy »~0(  CHq
7 OH

HSy” 0 COOH
CHO H4C

Virensic acid is found consistently with protocetraric acid in X. Aypoleta
(30 specimens). It is also found in X. subconspersa as an accessory

(10 specimens).
2.5.6  USNIC ACIDS

In the present study, the determination of the stereochemistry

of usnic acid in the various species was not attempted.

{i) Usnic acid

HCCO_ 0
Ho oH
HaC=g, HaC 0oy
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Usnic acid is presemt in all the Xanthoparmeliae, and localized in the

upper i0-30 yu of the upper cortex. It is negative to all the usual
spot tasts, but crystallizes from GE as coarse yellow needles, which

may be flag-tipped (plate 10E).

2.5.7  ANTHRAQUINONES
Of the several anthraquinoid pigments in the Xanthoparmeilae from

the Karoo, only one is a known anthraquinone.

(1) Skyrin (= rhodophyscin)

. o § om
N N
. Hol A CHy
9
HaC oH
L

This bisanthraguinons is known from X. chalybaeizans, X. perspersa
(where it is especially common in foliose forms with pale lower surfaces),

and X. suboonspersa. It occurs in troce to major amounts in the medulls

adjacent to the lower cortex, usually in the central (older} portions

of the thallus., Skyrin is yellow-orangish in calour and becomes violet

on application of K, The pigment can be missed easily as TLC is

noxmally carried out on the extracts from terminal lobes.
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2.5.8  UNIDENTIFIED AND ° 30N SUBSTANCES

(i) S3uspected B-orcinol Depsides
(a) Barb-1, bazb-2, barb-3, and barb-4

These substances occur inm part of X. brunnthalert
with or without barbatic and/or 4-0-demethylbarbatic acids, Dovh barb-l
and barb-2 occurred in 30 out of 55 specimens containing this range of
substances, often but not always together. Barb-3 and barb-4 ware found
togethex with barb~2 in three specimens from Gapkop, west of Victoria
West, The evidence presented in sectiom 2.,3.6 (ii) leads one to suspect
that barb-1, -2 and ~3 are f~orcinel para-depsides. sarb-4, however,
failed to hydrolyse and may be a depsidome. The brown colour of the
barb-4 spot (as opposed to the ochre colours of the others) on developed
TIC plates, i also significant (Culberson and Kristinsson, 1970). Nome
of these unkncos gateh the S-oreinol depsides reported for Oropogon
lowensia (Fee) Th.Fr. (Culberson and fulberson, 1978) amd Xanthoparmelia

moctenurersts Nash (Culberson, Nash and Johnson, 1979).
{b) Th-1 and Th~2

Th-1 is found alone in X. hypomelaena p.p. and with
Th-2 in X, tanthina. Both of these taxa are represented by a handful
of specimens from the western margin of the study area. The respective
taxa on the southern margin contain thawnolic acid (X, hypomelaena p.p.)
and salazinie acid (X. sndomiitodes). As explained in section 2.3.6 (iii),
Th~1 contains the A-ring (4~O-methyl-3-carboxyorsellinic acid) of
thamnolic snd squamatic (= oxidized baeomysic) acids, However the B-
zing, like that of thammolic acid, remained undetected and is presumed

to have remained at the origin of each of the TLC plates.




2.5.8  UNIDENTIFTED AND UNKNOWN SUBSTANCES
(i) Suspected p-=orcinol Depsides
(a) Barb-l, barb-2, barb-3, and barb-4

These substances owcur in part of X, brumnthaleri
with or without barbatic and/or 4~0-demethylbarbat . acids. Both barb-l
and barb-2 oceurred in 30 out of 55 specimens containing this range of
substances, often but not always together. Barb~3 aund barb-4 were found
together with barb-2 in three specirens from Gapkop, west of Victoria
West, The evidence presented in section 2.3.6 (ii) leads one to suspect
that barb-1, =2 and ~3 are g~orcinol para-depsides, Barb-4, however,
failed to hydrolyse and may be a depsidome, The brown colour of the
barb-4 spot {as opposed to the ochre colours of the others) on developed
TLC plates, is also significant (Culbersom and Xristinsson, 1970). Nome
of these unknowns match the B-orcinol depsides reported for Oropogon
loxensis (Fee) Th.Fr. (Culberson and Culberson, 1978) and Xanthoparmelia

moctezumerats Nash (Culbersou, Nash and Johnson, 1979).
(b) Th-1 and Th-2

Th-{ is found alons in X. hypomeleena p.p. and with
Th~2 in X, fanthine. Both of these taxa are represented by a hawdful
of specimens fram the western margin of the study area, The respective
taxa on the southern margin contain thamnolic acid (X, hypomelaena p.p.)
and salazinie acid (Y. endomiléodes). As explained in section 2.3.6 (iii),
Th-1 contains the A-ring (4-0~methyl-3-carboxyorsellinic acid) of
thamnolic and squamatic (= oxidized baeomysic) acids. However the B-
ring, like that of themmolic acid, remained u..etected and is presumed

to have remained at the ovigin of each of the TLC plates.
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Th-! gives a yellow colour at first, but rapidly
becomes bright orange to bright orange-red with X. It g ves an orauge
colour with P, and is C- and RC-, The o-toluidine add.ct of Th-1
crystallizes o5 branched needle clusters from GAoT (plate 13B). Th-|
is yellow brown or brown in longwave UV and is olive to brownish on
developed TLC plates, whereas Th~2 is brown in longwave UV and is
olive-green to greyish on these plates. Although oot studied further,
Th~2 appears similar to Th~1, Al the evidence indicates that Th-1 is

a B-orcinol meta-depside.
{ii) Suspected B~Orcinol Depsidones
(a) ¥B~1 and FB~Z

These two unknowns occur with a compound sesignad

1y to 4-O-methy’ acid, in a single specimen
(772 14-2-4) vhich was relegated to X. pergpersa. The specimen has a
faint yellow medulla which reacts K+ bright yellow, which slowly becomes
bright orange. No colour respomse is slicited with £, and ¥C way bleech
the K reaction slightly. ¥ gives & red to blood-red colour. AlL three
spots sre pinkish-brown on developed TLC piates, and FB~i and -2 are

presumed to be B-orcinol depsidones.

(b) The "chalybaesizans unknown"”

This substance is present in all specimens of

X. chalybaeiaans (140), many

of ¥. evorngua (30), and in pavt
of X. hyporhytida (Hale, 1971}, and is therefore widely distributed
within the Raroo. The "chalybaeizans unknown” reacts with K to give
an immediate rich-yellow to yellow-orange colour which does not darken
with time (¢.f. salazinic acid). It is P+ ovange, and is weakly to

mederately white fluorescent in longwave UV.
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{e) PQ-4
PQ-4 was found with hypostictic acid in a few

specimens of ¥. adhaerens.

@ o

This unkunown was teported for the First time by

Culberson and Hale (1973). Q-1 was found in essociation with hypoprote~

cerraric and 4~C-demethyluotatic acids in 2 few (25) specimens of
1. perspersa.
(a) St~1

St=l oceurs in major amounts in the holotype specimen

of Parmelia stetneri Gysl. (= X. molliuscula), This compound vecurs in
trade to maj;r amounts with stietic and comstictic aeid in X, adhaevens

(10}, X. conspersa (1), X. constrictans p.p. (13}, and X. molliusoula

(5).

(341) Pigments
{a) Endo-1, endo~2, endo=3 snd endo~4

One to all of these pigments otcur in X. dichrvomatica,
and usually all of them oceur in both X. endomiliodes and X. tanthina.
These pigments, suapected to be anthraguinones, vary from wmarvon to
violet in colotr and change to purple on application of the K reagent.
Endo~{ te ~4 are distributed in the eastern part of the Kareo in
X. dickromatioa, which is also common in Lesotho and surrounding a eas.

The other two species oesur on the scuthern and western marging

respectively .
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(b) Sch-1 and sch~2

Sch=~] and sch-2 occur togetber in some specimens of
X. schenckiana and X. colorata, These pigments cause rhe medull:
adjacent to the lower cortex to be sn orangy-brown colour. Oceasionally
much of the medulla is this colour. The colowr changes to violet with
K. Sch-l is stromgly yellow fluorescent in lomgwave UV, whereas sch~2
absorbs this radiation and appears as a dark spot, It iz possible that
the yellov-green pigment S¥~! (Culbersom, l972)carresran¢co one or both

of these pigments.

(iv) Suspected Aliphatic Acids and lactones
(a) Subd-1 to subd-6

These substances are present in the widespread
X. subdecipions (15 specimens). Subd~1 wes always found in major
amounts. Subd-2 was present in minor to major amounts, and each of the
remaining compounds (subd-3 ¢o subd-6) wag either sbsent, or preseat in
varying amounts. There has hean a suggestion that subd-l and subd~2 are
iientical to pseudonorrangifovmic and rangiformic acids respectively
{Kurokawa and Filson, 1975). .t is also possible that subd~l and subd-2
are the same as PP-2 and PP~i rvespectively, unknowns found in Neofuscelia
pulloides (Essl.) Essl. (Bsslimger, 1974, 1977). A distinctive feature

of subd~l is its white colour on developed plates in longwave UV,
(") XG~1 and XG~2

These two subs.ances oceur in the specimens assigned
to X, globulifera. Thesa spocimens ere found on tha southern and western
margins of the Karoo. In the original description (Kurokawa and Filson,

1975), this species was considered to contain caperatic acid and an

i




unknown fatty scid. Although caperatic acid was not detected, it was
considered best to place the specimens from the Cape in X. globulifera,

until these substances can be studied more definitively,

(v) Substances of Usknovn Affinity
(a) Brun~1, brun-2 and brun-3

These three substances occur in the type stvain of
X. brunnthaleri. Brun-l and hrun-2 are always present in detectsble
amounts, but often brun-3 is aot present. The type strain of this
species is widespread in the Karoo, and is commen north of the
Roggeveld-Sneeuwberg escarpment. Brun-i to -3 are negative to all the
spot reagents, but quench the layer fluorescence of the TLC plates in
shortwave UV, and are pale yellowish im colour on developed plates. These

substances appear similar to the in

(Zahtbz.) Hale, but the R; values differ.
(b) Tha-1, tha-2 and tha-3

These unknown compounds occur consistently witk Th~i
in X. hypomelaena awd X, ianthina,on the western margin of the Karao.
Tha-1, ={ “ad -3 are all white fluorescent in longwave UV, but don't
show ap in any other way, (i.e. They do not quench the plate
£luorescence in shortwave UV, and are invisible on the TLC plates not

only before (when eithex dry or wet) but also after developmen:.}

2.8 THE BIOSYNTHESIS OF LICHEN DEPSIDES AND DEPSIDONES

Of all the substances found in lichens (Culbsuson, 1969a, 19703
Culberson, Culberson and Johmson, 1977), the lichen depsides and depsin

are the most typical. With the possible exception of the Fungal nidulime
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and mitorubrins (Turmer, 1971), with orsellinic acrid derivatives as the
A-rings, these substances are umique to the lichens. Plant depsides

are unrelated substances with subupits derived from the shilkimate
pathway (Sondheimer, [964; Haslam, 187i). Lichen depsides and depsidones

are polyketides derived from the acetate-polymalonate pathway.
2.6, DEPSIDES

A single mechanism has been proposed for the formation of lichen
deosides (see review by Mosbach (1973)). This imvolves the biosynthesis
of separate orsellinate derivatives, which are esterified subsequently.
The formation of the tetraketide subunit involves the condensation of ome
acetyl-8-CoAwith three consecutive malonyl-§-CoA molecules with the
concomitant evolution of carbon dioxide at each condemsation eycle
(Mosbach, 1964). This process is similar to fatty acid synthesis, but
the reduction, dehydration, and §inal (optional) reduction steps, are
lacking. In analogy to fatty acid syathesis, tetraketide formation is
thought to take place on a multienzyme complex., In fact a single
multienzyme particle which synthesizes the related polyketide,
6-methylsalicyclic acid has been isolated from Penieilliuwm patuium
G. Bain (Dimroth et al., 1970).

The stabilization of the tetraketide-S-enzyme complex may
involve chelation to a suitable metailic ion within this complex (Bu'lock,
1967), "Extra" carbon atoms, such as those in the 3 positions of B-
oreinol depsides, are probably incorporated at the polyketide stage, as
the interketo methylene hydrogens are acidic. TLabell..g experiments
carried out by Yamazaki at al. (1965), show that [1%¢] formate ds tn-
corporated specifically into the 3 and 3'me -1 groups, and the 1’ methyl
ester of atrensrin. Other work supporting this notion was dome by

Yamazaki and Shibata (1966}, who whowed that tritiated 3-methylorsellinic
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and mitorubrins (Turner, 1971), with orsellinic acid derivatives as the
A-rings, these substances are unique to the lichens. Plant depsides

are unrelated substances with subunits derived from the ghikimate
pathway (Sondheimer, 1964; Haslam, 1974). Lichen depsides and depsidones

are polyketides derived from the acetate~polymalonate pathway.
2.6.1  DEPSIDES

A single mechanism has been propesed for tha formation of lichen
depsides (see review by Mosbach (1973)). This involves the biosynthesis
of separate orsellinate derivatives, which are esterified subsequently.
The formation of the tetraketide subunit involves the condensation of one

acetyl-S-CoAwith three congecutive malonyl-S~CoA molecules with the

-concomitaut evolution of carbon dioxide at each condensation cycle

(Mosbach, 1964). This process is similar to fatty acid synthesis, but
the reduction, dehydration, and f£inal (optiomal) reduction steps, are
lacking. In analogy te fatty acid synthesis, tetraketide formation is
theught to take place on 2 multienzyme complex. In fact a single
multienzyme particle which synthesizes the ralated polyketide,
f-methylsalicyelic acid has been isulated from Penieillium patulum

6. Bain (Dimroth et al., i970).

The stabilization of the tetraketide-S-enzyme complex may
involve chelation to a suitable metallic iom within this complex (Bu'lock,
1967), "Extra" carbon atoms, such as those in the 3 positions of g~
oreinol depsides, are probably incorporated at the polyketide stage, as
the interketo methylene hydrogens are acidic. Labelling experiments
carried out by Yamazalti et al. (1965), show that [1%C] formate is in-
corporated specifically into the 3 and 3' methyl groups, and the 1' methyl
ester of atramorin. Other work supporting this mnotion was done by

Yamazaki and Shibata (1966), who showed that ervitiated I-methylorsellinic
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acid, and not tritiated orsellinin acid, was incorp;rateﬂ into stranmorin.
An internal 2-7 aldul condensation £ollowed by dehydration
results in an orseilinate-S-enzyme complex. Although no information is
available for the lichen fungi, the Mextra" aromatic hydroxyls, such as
those of the orcinol and B~oreinel meta~depsides, are probebly inserted
after ring closure and aromatization., Evidence in support of this
statement can be drawn from analageus situations in the fungi, where
arematic compounds are catabolized by moncoxygenases ("mixed function
oxygenases™) (Hayaishi, 1974; Cermiglia et al,, 1978). Esterification of
identical or different subunits then takes place on a depside synthetase

which may be separate from, or part of the melti-enzyme complex.

2.6.2 DEPSIDO¥ES

As is the case with dep: -des, the mode of depsidone formation

is unknown. However it seeps most likely that they are aynthesized via

“the ing depsides” by oxidative coupling on either separate

dupside or depaid multi-enzyme complexes involving
the bound depside precursors. In the latter case esterification may
oceur prior to oxidative caupling or vise vexsa. This hypothesis
provides a plausible explanation for all the known depsidones, if one
includes the possibility of decarboxylation and chiorination in several
cages,

An alternative biosynthetic mechanism has been proposed for
depsidones, which imvolves an internal aldel condensation of an

octaketida to give b h . tThese are |

supposed ko undergo oxidative coupling to give grisadien&iouea which
subsequently rearravge into depsidones (Sala and Sargent, 1978b), 'This
hypothesis is based on chemical yeections, of the type fixst observed

in the synthesis of diploicin (Hendricksos et al., 1972). 4 vesetion v

leading to dechlorodiploicin (Bala and Sargent, 1978a) is




shown in scheme 1.
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S—Enzyme

Octaketide

0 0

1. internal aldel condensation
2. dehydration

CHoCOS - Enzyma
Benzophenone

selective (~methylation,
and chlorination

CHCOS-Bnzyme

Benzophenone

cl

G+ - 0 oxidative coupling
(R,004, KyFe(CN) )

0S ~ Eazyne

Grisadiendione
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base catalysed
(Ky003) rearrangement
0
7
CHa,, Coro. G
cl OCHy
g 0 cl
CHyCOS~En~
ayme
decoupling
and
decarboxylation
H3C 0 Ccl
Depsidone
Cl OCH3  dechiorodlploicin
HO 0 cl
CH3
Scheme | Hypothetical pathway for the biosynthesis of dechloro~

dipleicin involving @ rearrsngement, analogous to base

, of grisadiendiones,

catalysed

Prerequisites for this type of rearrangement are (a} O-methylation

at the 2' pogition and (b) free hydroxyls at the 4 and 4' positions

of the fina. depsidome, at or before the grisan stage. The absence of

O-methylation at the 2' position would result im a B-ring phenolate

anion, which is a poor leaving group (Sala end Sargent, 1978b; Fig. 12).
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Fig. 12 The putative grisan precursor of 2'-O-demethyldechlorodiploicin

(Adapted from Sala and Savgent, 1978b)

The free hydroxyl at the 4' position is required for the
formation of the grisadiendione, and both the 4 and 4' hydroxyls are
required for anion formation during the various stages of the rearrange~
ment (scheme 1).

The vestrictive conditions of the base catalysed synthetic
analogy (scheme 1) do not apply to a rearrangement by a radical mechanism,
which is brought about by heat under synthetic conditions, Using the
above example of the grisan precursor of 2'-O-demethyldechlorodiploicin
{fig, 12) the radical rearrangement would proceed as in scheme 2. (The
various types of free radical reactionms kmown in biological systems are

summarized in Pryor (1976)).




Scheme 2

Grisadiendione

cl /®0H
= HO (8] Cl

$ CHyC0S - enzyme

HaC 0 ¢
Cl OH
HO! Q
;_\20 CHZCOS— enzyne
HS— enzyme
CH3
/ \ OH 2'-0~demethyldechloro~
diploicin
/ Cl
CH3

Hypothetical pathway for the biosynthesis of 2'-0-
demethyldechlorodiploicin by a £ree radical rearrangement

from the grisan precursor.
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Although the derivation of 1' idones from
octaketides seems quite feasible, most depsidomes are carboxylated in the
1* position. It seems moxe expedient to regard these few 1' decarboxy—
depsidones as decarl -ylated products derived from coupled orsellinic
aeid derivatives, particularly as the !' carboxyl group of depsides is
part of the tetraketide skeleton of the B-ring and net an “extra" carbon
(Yamazaki et al., 1965). Other features which do not support this
proposal are: (a) In addition to the "extra" 17 carboxylatiun of most
depsidones, the terminal (thiocester) carbexyl group of the original
polyketide chain has to be removed as side chains in 6' position are
zlways composed of uneven numbers of carbon atoms (e.g. last step of
scheme 2), No such decarboxylations are required for the route
invelving separately formed orsellinate submmits. (b) Several de,side-
depsidone pairs are known in the lichens, but these ocour to-ather only
in occasional species. A tentative example i Xanthoparmel: -, is the
pair X. burmeiateri - X. hypoprotocetriic:, containing the iepsides
4-O-demethylbarbatic and barbatic acids and the raspective zorrespending
depsidones hypoprotocetraric and 4-0-methylhepoprotocetraric acids
resprctively., However these two clazses of ecwresponding compounds have
never beep found together im a single specimer. Examples of known gairs
are: atranorin-methyl virensate; S-chloroatrrmorin - physciosporing
4-0~demethylbarbatic acld = hypoprotocetrazic acid; barbatic acld = 4-0-

methylhy ic aseid; ob ic acid - notatic acid; norobwusatic

h h

in - grayanic acidj

aeid ~ yinotatic acid:
microphyllinic acid = a-collatolic acid; and olivetoric aeid -physodic
acid.

Thus it appears that the most likely route for depsidone bio-

synthesis occurs via ceparately synthesized orsellinic acid subunits.




2.7 THE BIQLOGICAL SIGNIFICANCE OF LICHEN SUBSTANCES

Since the lichen secondary metabolites are so important in the
taxonomy of the Karco Xanthoparmelise, it is pertinent to discuss briefly

the reasons postulated for their presemca.
(i) Lichen Substances as Secondary Metabolites with no Function

The mineral nutrient deficient wetabolism in most lichens
causes the excess fixed carbon from the algal component. to be spilled
over into lichen secondary metabolites, which have no ather fumction

{Mosbach, 1573). It has also been ively that polyketid

are often produced instead of fatty acids due to the low level of veduced
nicotinamide adenine dinucleotide phosphate (NADPHz) available, This
suggestion arose from an earlier study concerning the producticu of
palmitic and orsellinic acids by Pentetilium baarmense v. Beyma under
various cultural conditions (Mosbach and Bivertoft, 1971). The medium
with nitrate as the sole scurce of nitrogen, resulted in the production
of orsellinic acid, wheress that with reduced nitrogen (ammonia and

amino acids) resulted in palmitic acid on, This was i

as being a competitive effect, NADPH+ being used for both nitrate and

polyketide reduction.

(ii) Lichken as Btorage

While esters of fatty acids are known to be storage compounds
in plants and animals, it is not known whether the fatty acids and fatty
acid lactones found in lichens have a similar function.

There is some evidence to indicate that depsides (and
therefore also depsidones) way behave as storage compounds. For instance
an orsellinate depside hydrolase (depside esterase} has been detected in

call free extracts of the lichen Lasallfa pustulata (L) Mér. and the




cultured phycobiont of Lasallia papulosa (Ach.) Llano. An orsellivate
deearbexyiase was present also in the former (whole lichen) extract
{Mosbach and Ehrensvird, 1966), Although the further degradation of the
resulting aromatic resorcinols has not been teported for lichems, it is
diffieult to understand the reason for the (oxidative?) decarboxylationm,
unless further catabolism is to tske place. ‘The catabolism of avomatic
compounds by bacteria is relatively wall documented (Clarke and Ormston,
1975; Wayaishi, 19745 Doelle, 1975), .t relatively few reports have

emerged for fungi and nove are known for lichenized fungi. For instance

oreino! is catabolized in the following manner by putida

(Trev.) Mig. (Fig. 13).

NAQPH NADP*
Ha

Gy o S o, 00H acetate
2 4 CH
@ 02 (ﬂ) ©UH ol + +
Ho o 1% ol OH 10} g CHCOTH,CO000H  acetopyruvate

ereinel 2,3, 5 trihydroxy-

toluene I
(a) oreinol hydroxylase (moncoxygenase) 1
{b) dioxygenase 2CH3C00H acatate
+
Pig. 13 The degradation of orcinol hy  CHaCOCOOH pyruvate
Pgeudomonas putida (Ohta et
al., 1975)

The secound compound {m Fig, 13 wmay also arise by oxidative decarbuxylation
of orsellivic acid, in the wammer reported by Buswell et al, (1979} for
vapillia, Shortly afterwards (Buswell and Eriksgom, 1979) the white rot
basidiomycete was veported to demethylate the resultant 2-methoxyhydro—
quinone, and the 2-hydroxyhydraquinome rinmg opened between the carbons

aarrying ortho hydroxyl groups.




L

81

1f lichen substances arc indeed catabolized fully, then it
is also possible that they serve as carbon and energy reserves, enabling
lichens to grow when immediately fixed carbom is not available (for
example on moist nights). The unexp otedly Figh incorporation rates of
radinactive precursors into depsides (Mosbach, 1964; Fox and Mosbach,

1967), may by circumstantial evidence supporting this impression.
i%ii) Protection of the Algal layer

The phycobiont of most lichens are sensitive to excessive
light intensities in culture, and the cortical pigments have long been
thought to cut this down (Hale, 1974e}. The usnic acid in the uoper
cortices of the Xanthaparmeliae absorbs light from ultraviolet wave-
lengths extending slightly into the purple end of the visible regiom,
giving it its pale yellow colour. Usnic acid may therefore be most

effective in protecting the algal layer from demaging ul*raviolet light.
(3v) Aeration of the Algal Layer when Wet

Another putative function of lichen substances was expounded
by Goebel in 1926 (see Blum ({973) p. 387). The hyphae in the algal
layer and part of the medulla are emcrusted with hydrophobic lichen
gubstanced, ~l.lch trap alr between them and ensure an adequate air
supply to the algae when the thallus is wet. According to this theory,

this deoes not prevent water movement to the algae, * cause the hyphal

walls act as wicks
(v} Metal Ton Chelation

Contrary to popular belief, depsidea and depgidones are

slightly soluble (5~57 ppm) in water (Iskandar and Syers, 1971), and are




able to chelate metallic ions derived from varinus types of igneous rocks
(Iskandar and Syers, 1972; Syers and Iskandar, 1973). Thus the lichen
substances may be of importance in the mineral nutrition of saxicolous

and terricolous lichens in particular,
(vi) Palatability

The possibility that iichen substances remder lichens
analatable to lichen grazers has been reviewed by Gerson and Seaward
{1977), and Richardson and Young (1977), A report by Wessels et al.
{1979) indicates that Teloschistes capensis (L.f,) Malme is grazed by
two Tenebrionid beetles in the Namid desert. Huneck aed Follman (1971)
indicate that at least part of this taxon contains beth parietin and
salazinic acid, Mite and possibly Curculionid damage was observed in
the Karoo Xanthoparmeliae, but it is not known if this damage constitoted
grazisg, burrow/mest building or the like, It is clear however that
lichen aubstances at best only partially protect lichens frem grazers

of all kinds,
{vii) The Antimicrobial Activity

The Antimicrobial activity of lichen substances has heen
reviewed by Vartia (1973). They are often active against gram positive,
but chaxacteristically inactive against gram negative bacteria, Some
of these compounds are also active ageinst fupgi., The B-orcinol
depsidones, so important in the taxomomy of the Karco Xanthoparmelize,
appear to be only weakly active against gram positive bacteria, but the

universal usnie acid is an active antimicrobial agent.
(viii) Inhibition of Moss Protonema Growth

Mosses are importent competitors of lichens, and the report

that some lichen substances retard the growth of moss protoumemata
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(Lawrey, 1977) may give certain lichens a distinct advantage over
mosses, However large numbers of pure lichen substances need to be
tested bafore conclusions can be drawn about the rvelatiouship between

retardation of protonema growth and lichen substance structure.
(ix) Inhibition of Plant Root Growth

The inhibition of mituvsis in plant roots by lichen
subgtances has been reporied (Sturelid and Lundstrdm, 1972; Reddy et al.,
1978) and may confer am advantage on lichens growing in rock ecracks, and
retard the colonization of lichen comsolidated soil by higher plants.
Whatever the funmctions of the lichen substances, the ecological
advantages (if any) conferred on lichens by the g..iluction of these
substances, must play a role.in (a) the selection of these compounds
during the course of their evolution, and (b) the adaption of the
species to the particular environments (miches) in which they have come

to grow.

2.8 BIOCENIC RILATIONSHIPS AMONG THE LICHEN DEPSIDES AND DEPSIDCNES

2.8.1 THE RANK OF DEPSIDES AND DEPSIDONES

Aty attempt at placing the known depsides and depsidomes in order
of complexity will require a acund knowledge of the enzymes and
intermediates involved in their synthesis. Since enzymes are proteins,

a biosynthetic pathway involving more enzymes will reduire more gemetic
msterial to code for the enzymes, and therefore the substance could be
vegarded as more advanced biogenetically. It is possible, but unlikely,
that within .. genus the synthesis of a simpler compound may vequire a
sreater total amino acid sequence, than the gynthesis of a more complex i

compound. On the other hamd, it is very likely that the biosynthesis of
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a single compound is carried out by diffevent total amino acid sequences
with the sequence differing in similarity in different geners, and even
more sa in different orders. Thismaybe so, in spite of an identical
biosynthetic pathway involving similar types of enzymes as catalysts.
For instance the intermediates and types of emzymes imvolved in the
biosynthesis of lecamoric acid in the genera Rogeella and Xanthoparmelia
are likely to be the same, but variations in the amino acid sequences of
each corresponding enzyme in the biosynthetic pathway are expected. Thus,
in both genera, the fimal enzymes of the lecanoric acid biosynthetic
pathway, "lecanorate orsellinc.e debydrolase", are expected to be

very similar to each other in three dimepsional shape, but the amino
acid sequences of the protein chains are expested to differ from each
other along non-critical segments. This difference will be far less
marked in two species from the same gemus e.g. X. joranadia (Nash) Hale
and X. worcesteri, unless of course, these two "species” are mere
morphological variants of each other. In this vase each corresponding
amino acid residue would be identical in each respective anzyme from
each "species”. Since the production of the iichen substances is not
eritical in the survival of a lichen, a mutation in the DNA sequence
(the genetic material) concermed with the coding of the wnzymes inmvolved,
way result in a change in an amino scid residue (or more rarely deletion
or duplication of lengths of aminu acid residues due to double eross—
over errors) in ome of these enzymes., Even if this terminates the
production of the lichen substance(s) it bad previously been able to
synthesize, the lichen is still able to survive and reproduce sexually,
digseminating the new genetic material and allowing it to be put o the
test of natural salection. Conversely, even a 8slightly deleteriaus

asutation in a protein essential to the normal funetion of metabolic
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pathways, such as cytochrome ¢, would result im the loss of the new
genetic material (death of the individual). Thus the cytochrome c amino
acid sequence would be expected to vary very little, at leasst among the
members of the Lecanorales. (The above discussion is based on the
analogous situatiom of the evolution of hremoglobin in mammals
(Zuckerkandl, 1968)).

Some bi ic steps mayﬁ:e 1 among depside/depsidone

producing lichens, but only apparent in the depside/depsidome chemistry
of some species, For example, avomatic hydroxylation maybe usiversal in
the catabolism of aromatic lichen substances, but only those species

with metq-depside sy are able to i such {p

catabolie) hydroxylated products into meta-depsides, It is also possiblie

that physodalic (" ic"y, ic and

fumarprotocetraric acids are equally advanced, as acetyl-S-Cod,
suceinyl-5-CoA, succinic and fumaric acids are readily available
Tricarboxylic Acid Cycle intermediates, A non-specific dehydrolase may be
responsible for their esterification to the 3' carbinmol of protocetraric
acid. Another possibility that camno* be excluded is that certain
lichens may possess all the genetic information requirved for the synthesis
of any depside or depaidone, but that only a few are actually produced,

due to the yepression of appropriate parts of the gemetic material, Under

certain envi L conaitions, is of the enzymes responsible

flor the formation of one compound may be xepressed,and that of another

i d. However of 2] 12 berlandia (Gyel.) Hale
transplanted to other sites in Ontario (Canada), msintained their

production of stictic and comstictic acids (Fahselt, 1979).
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2.8.2 THE USE OF CHEMISTRY ABOVE THE LEVEL OF SPECIES

In the sbsence of the above types of informatiom it has become
customary to speculate on the biogenic position of depsides and depsidones
based either ou the structure, or on the distribution of these substances

within the orders and families of lichenized fungi. The structure

premige bresks down if the styuctures are not closely velated, and the
premise that primitive families must costain "primitive” substamces is
based on the presept lichen classifications (e.g. Barr (1976)), which may
not reflect the order of antiquity of the various taxa, Nevertheless
some lichen orders, families &nd genera show distinct chemical trends
which ara very useful in defining these taxa, A clear cut example

is the genus Dirinavia (Tuck.) Clem. which besides being morphologically
distinct from the remasinder of the Physciaceae, is also chemically
distinct in that all represemtatives of this gemus produce orcinol
pava~ and meta~depsides which are unknown in the rest of this family
(Awagthi, 1975; Swinscow and Krog, 1978) . With such a clearcut
umorphological and chemical corrslation, the chemical evidence is
undigputed., However there are many instances where the evidence is not
as clear cut, but trends are observable. These tzemds can be accurately
evaluated only if the taxon is exhaustively studied for chemical
variation (Culberson snd Culberson, 19703 Hawkaworth, 1976, pp. 158~16);

Esplinger, 1977, pp. 30-33).

2.8,3 IHE USE OF CUEMISTRY AT OR BELOW S$PEQLES LEVEL

among lichenologists that

Thers seems to be uni al
chemistry should be studied im lichen taxomomy, parcicularly whera there

is great chemical diversity, However there seems to be no agreement

on the weighting which should be eccorded to chemical data,
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k {i876) has presented an ive di ion on this point
and has laid down guidelines for the use of chemistyy inm conjunction
with morphology and distribution in determining species or varieties,
the two taxa recognized in this category.

The Karoo Xanthoparmelige show four types of chemical
variaxion, (a) Replacement of one substance or set of substances by
anothar closely related substance or set of substances, without the
existence of a progressive changeover. For example X. constyictans
consists of two chewical strains, one with salazinic acid which is
replaced by stictic and comstictic (4~O-methylsalazinic) acids in the
other. Norstictic acid is accessory in both strainms. (b) Replacement
of one substance or set of substances with another distantly related or
unrelated substance or set of substances. Here an example is the
X. hypoleia group. with X. hypoleia itself containing the frorcinel
depsidones, protocetraric and virensic acids, which are replaced by the
B-orcinol depsides barbatic and 4-O-demethylbarbatic zcids in X.
burmeisteri, and by the orcimol depside evernic acid in X. dysprosa.

(c) Chemosyndromic variation (Culberson and Culberson, 1976). This
type of chemical variation is characterized by the existence of a series
of related compounds, one to a few of any of these being presemt in
major amounts, and the remainder being present in trace amounts or absent.
Sorting the specimens into chemical strains, highlights a progressive
change from one set of lichen substansces inte another, Chemosyndromic
variation may oceur within one species (see below), one group of species
(such as the ¥eofuseelia pulla (Ach,) Essl. group; Culberson, Culberson
and Egslinger, 1977), ox even one genus (for example Catrelin Culb, et
Culb,; Culberson and Culbersom, 1976). In the latter two cases the
discontinuities in the chemosyndromic series, together with morphological

differences, warrant the recognition of species, Chemosyndromic
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variation of f-orcinel depsides occurs in X. brunnthaleri p.p. in the
Karoo. Here barbatic, 4-O-demethylbarbatic acids, and barb-{, -2, -3

and —4 oceur in varying inations of major amounts of one

to four of these substances, Yhe remsining substances maybe present in
minor amounts or absent, but the maximum number of thesa compounds in
any one specimen was always four, even counting those presént in

on this ic variation is the

amounts.

rave presence of brun~i and brun-2, which ocecur alome in the type
strain of this species,

4nother type of chemosyndromic variation, imvelving virensic
acid, and both protocetraric acid and ite 3' carbimol esters, oceurs in
X, subconspersa. In this example major amounts of succinopretocatrarie,

ic and less ly fumar ic aci

are present
in various combinations or alone, Sometimes minor amounts of physodalic
ang/or virensic acids are produced as accessories (see below).

{d} Accessory substances. On the whole these substances oceur in
lesser amounts and are frequently absent in species producing rhem.

The best example s norstictic acld which is a commou accessory in
species producing salazinic acid on the one hand and those producing
stictic and comstictic acids on the other, -

In this etudy only chemical variacion of the (b) type has been
used to delineate species in the absence of other evidence. Replacement
of ome compound with another closely related compound ((a) type) has
been used to delineate species only when there are clearcut

distributional differences.
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3. 'MORPHOLOGY

3.1 THALLUS
3.1.1 Thallus Habit

The Karoo Xanthoparmelia: vary in the diversity of thallus habits
dispiayed. The term "habit” is here used in a broad semse, covering
adnation, appression, lobe width, degree of lobe convexity, degree of
loka elevation, degree of areolation and surface rugosity, thiclness;

extent of lobe overlap, and lengch in relation to the width of the Lobes.

(i) Adnation and Appression

Several of the habit characters are used in various states
which are expressed verbally and whick require some elaboration. The
terms "appressed” and "aduate" ave used in the semse of Esslinger (1974,
1977) for two related but distinct thallus econditions. The term
appressed refers to the closeness of £it to the substrata, while adnation
describes the tightness of attachment., Although closely appressed thalli
are also often tightly adnate, the two do not necessarily correlate.
These terms apply most sakisfactorily to thalli that ave more or less
eveniy appressed. Thalli with asceading lobes, such as some specimens
of X. Myporkytida, X. oubconspersa and the members of the X. Aypoleia
group, may be tightly adnate on one portion of lobe, with the free,
(aerial) portion being not adnate at all., These two terms apply only
to the thallus~substrate, not the thallus-thallus interface, For
example, a thallus may have overlapping (imbricate) lobes which may be
quite tightly adnate upon one another, but loosely adnate upon the

subatrate (e.g. X, tasmanica).
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The states of adnation used in this study are somewhat
different to those of previous studies (Esslinger, 1974, 1977), and are
defined as follows: (a) Loosely adnate = thallus removable by hand,
intact or in large piecas; (b) moderately adnate - thallus removable
with a knife, intact or in large pieces; (c) tightly adnate - thallus
removable with a knife, but this resulting in the total destruction of
the thallus into individual lobes and lcube fragmentz; (d) subcrustose -
thallug not removable with a knife, always being collacted with the
substrate, but the |ower covtex largely present below; (e) crustose =~
as in (d) above, but the lower cortex largely absent, being present at
the lobe tips only.

Only two character states of appression are used: (a)
closely appressed, when most of the undersurface ie lass than § wmm from
the gubstrate and (b) when appression is not mentioned because most of
the undersurface is more than } mm from the substrate, The term ignores

soil aceumylated under the thallus,
(i1) lLobe Overiep

The degree of lobe overlap has been described in four
states: (a) Discrete « lobes never or only gccasionally overlapped,
often not in contact with the next Iobe; (b) Contiguous = lobes mostly
in contact with each other, and often overlapped siightly, but less than
one quarter of the lobe surface area covered by other lobas (This is a
common conditien of tightly adnate individvals and is often mot memtioned);
(c¢) imbricate ~ lobes glways covered by large areaa of each.other, the
thallus often being a few lobe layers thick; (d) highly imbricate -

& state used to deseribe u thallus with mora than a few lobe layers, which

are usually quite loosely ¥ .yered.
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(iii) Lobe Dimensions

The length of the marginal or upper lobes are indicated

qualitatively by four terms: {a) eloungate indicates that the lobes are

from slightly longer than broad to sbout five times longer than broad;

{b)

very clongate refers to lobes that are five to ten times longer

than broad; (c) sublinsear lobes are those which are sbout I mm broad

throughout most of the yisible part of the thallus, and (d) linear

lobes, those which are 0.3 mm wide or less over long distances of lobe.

{iv) Habit Variations = Crustose/Subcrustose

The Karoo species of A

vary from
to foliose to fruticose. Although no single species exhibits this full
range of variation, X. cometricians comes close, varying from subcrustase

to subfruticose.

There ave nine species which exhibiv crustese or

suberustase habits five of which do so consistently, the remainder

prading into foliose habits. The thalli of these specimens are often

lobate at the margims, with the lobes approximately | mm wide, and

60-200 pm thick, However some bullate areoles of X. adhagrens, X. perspersa

and X, worcesteri may become up to 500 ym thick, X. hetercdoxa and

X. rallz are unusuel in baving very thin lobes (always less than 100 um
thick) with very thin medullae.

(v) Subcrustose to Foliose Yariation

Four species, X. ohalybaeizans, X. aomatriotans, X. perspersa
and X. worcasteri, have been found to very from suberustose to follose.
X, constriotans often exhibits two foliose Eorms, rhe f£irst having

sublinear lobes, with constrictions just beyond the branch points, and
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the second, linear-lobed with the constrictions not counspicuous.
Preliminary evidence indicates that these two states intergrade with
aach other and the subcrustose forms, but this concept ig only tentative

as more from the and south-western Cape are required.

The other three - » ies are similar in suberustose to foliose habits,

but differ © .- “ee and distribution of the gubcrugtose states
(the folics » distributed throughout thelr respective
ranges in all three . ). The foliose forms of these three species

commonly have lobe widths between 2 and &4 wm, This feature is also
frequent for X. subdecipiens and Y. dichromatica, species with similar

foliose habits, but which lack the subcrustose condition,

(vi) Dorsiventral to Terete Lobe Variation

The proportion of terete to dorsiventral lobe varies im
X. molliuecula. Thalli with limited terete lrbe devele ment appear
foliose, whereas thosa composed largely of terete lobes give a fruticose
impression. Sometimes terete iobes may arise rather abruptly from
dorsiventral sections and theje may resemble coarse isidia, but this
species is mon-isidiate.

A hint of terete lobe formation has been seen in X,
tasmunica. Another tirete lobes species, X. amphizanthoides (J. Stein.

et Zahlbv,) Hale, was not found in the study area.

(vii) The Variation of the ¥. hypolets Group

In the X. fypoleia group, (excluding ¥. columuata),
another type of foliose variation occurs. In this case the more tightly
adnate thalli are composed of subascending lobes, and lossely adnate
specimens are composed of sublinear, less commonly linear lobes which

are hignly imbricate.X, burmefsteri and X, dysprosa have been collected
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in the latter condition, but are otherwise rerresented too sparsely to
assess their variability. X, hypomelaena tends to have broader lobes

which are imbricate (plate 16 A, C, and D) resembling Y. tasmenica.
(viii) Variations on Comvex Lobes

A rather peculiar thallus habit is exhibited by X. colum.ita
and pazt of X. exornata. In this cese the thalli consist of discrete,
evenly appressed, dichotomously brar:hing convex lobes (plate 1& A and D,
3¢"). This habit may also be highly imbricate, (e.z. X. exornata;
plate 18C) and the convex 1abit also grades into 2 more normally foliose
babit (with plane lnbes) in ¥, eworrata (plate 18B).

Several Neofusceliae have similar but not identical
convex-lobed habits (Esslimger, 1974, 1977), but the variability of

these, if any. is urknown.

(ix) Horizemtal to Subascending Lobe Variation

Two species resemble Omphatodium hottentottum (Ach.) Flot.
in part of their habit ramsge, but are uot ai robust and wostly lack the
single holdfast or umbilicus, which is typical for this species. Ose of
these species, X. subconspersa, is well known, and ranges from normally
foliose te a condition with subascending lobes, where the holdfasts are
present at the bases of these lobes (plate 21; 22C, and D; 234, and B).
#ther directions of morphelegical variation in X. subconspersa are in
lobe thickness (80-700 ym), lobe width ({-8 mm) and the amount of
blackening on the reverse surface. The other species, X, Ayporhytide,
is scantily represented in the present collections, However, the holotype
has subascending lobes and other variants resemble loosely adnate forms

of X. hypoleia (Hale, 1971} and the two examined specimens).




(x) Specias with Licrle Habit Variation

Despite the fact that the above types of habit variation
occur frequently in the Karoo Xanthoparmelise, there are several species
which are censtant in rhallus habit, including some of those most
characteristic of the area. The most conspicuous of these are
X. schenckiona and the closely related X. colorata, with Iarge, evenly
appressed, tightly adnate thalli, and very elongate marginal lobes
4~6 mm zvoad {plate 31A, B, C; 32C), The similar X. psoremifera also
displays « relatively constant foliosa habit (plate 31D}, with similax
marginal iobes 3-6 wm wide. The much smaller X. brumnihalerti, exhibits
very elongate marginal lobes, conspicuously 1-2} mm broad, which axe
evenly and closely appressed (plate 25). All of thase species are

often rugose in the interiox.

(xi} Similavities bawween Yanthorarmelia,

Similarities berween Adnbnorary

Pgeudoparmelia and Neofusoclia

The saxicolous members of the genus Pogudoparmelic
resemble the normally folicse Xsnthoparmeliae, but the variation within
and between the former species appears to be conservative (Hale and
Kurokawa, 1964; Hale, 1976a).

Three species in particular resenble three Xanthoparmeliae,
at least in part. These are: (o) Pa. condyloides (Rurok.) Hale
resembling X, chalybaeizens, both being pale brown balew, and containiug
1lazinie acid and the "chalybaeizans unknown” in the medulla. In

addition in is y in X. ch baan:

but consistent in
the upper cortex of Ps, condyloides, which lacks usnic acid. (b)

Pg. molybdiza (MNyl.) Hale which resembles X. vorcesteri. Both cantain

U
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lecanoric ac’d in the medulla and have black or pale undersurfaces, but
the subcrustose lbit has mot been reported for Ps. molybdicai &n
isidiate counterpart !5 well known for the Pgeudoparmelia (Ps. annexa
(Rurok.) Hale), but is not known in southern Africa for the Yanthopammelia.
{X. joranadia (Nash) Hale is known in North America, however (Nash, 1974b)).
{e) Pseudoparmelia chlorea (Stiz.} ad int. which has a coarse-pruipose
cbverse sytface similar to that of the X. achenckiana group. The former
species differs morphologically and in the chemistry of the upper cortex
(atranorin) and medulla (two unknowns).

The range of habits displayed by the Neofusceliae is
similar to that of the Xanthoparmelise, except ascending~lobed and
maculate habits are lacking in the former. The orcimel depside and

depsidone chemistry is far more prouounced in 4. fuscelia than in either

4 14 »

ar . Two / species of

Feofuscelia resemble two Xanthoparmeiise: (a) Neofuowelic applicata
(Stiz.) Essl. reseuwbles Xanthoparmelia valla, and (b) Neofusceiia melan—
cholica (J. Stein. et Zahlbr.) Essl. is close to XYawthoparmelia leptoplaca.
Both differ from *heir respactive counterparts in cortical chemistry.
Feeudoparmelia violacea. {(Kurck.) Hale, which is devoid of cortical
substences (Hale, 1976a) resembles Yanthoparmeiia wdomiltodes, X.

ianthing and X. dichromatica.

3.1,2  Epicortex

Most of the gspecies have been examined for the presence of an
epicortex with the scanning electron microscope (SEM), The comdition
of this structure varies from being rudimentary to veriously pored
(plates | and 23 Hale, 1973, figs. 53-60). The distinction between
a pored epicortex and rudimentary type is rather umelear in some cases,

and a continuum of intermediate states existsin species with pored and
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rudimentary epicortices. Species which are consistently pored-epicorticate

are: X. ts X, burme L, X. col X,

s Dersd,
X trictans, X. dich iaa, X. dysprosa, X. endomiltodes, X. 2
X. globulifera, X. leta, X. B y? X. hypop: travica, X.
yporkytida, X. ina, X, 1 i X. moliiuseula, X.

X. euboonspersa, X, subdecipiens, X. subramigera, and X. i

X. exornata is unusual in its pored epicortex, in that the porosity is
restricted to finite areas in an otherwise unpered epicortex (plate 44,
B and D). On older lobes, these pored areas may break open aru expose
medullary tissue, and thus resemble pseudocyphellae. This process

appears to be a chara-ter of moribundity, isther than being genetically

controlled as is for llae. Pr

yphellae are also
asgociated with reticulate maculation, ridging or fissures.

Five species exhibit bath pored and rudimentary epicortices.
X. adhaerens and X. psoromifera display the least amount of variatiom,
being highly pered to rudimentary.  The other species, X, chalybaeizans,
X. perspersa and X, worcesteri display the full range of variation,
sometimes on a single thallus ox lobe (p.ate 54)., The rudimentary
epicortex is very common for suberustose forms of X. perspersa and

X

» but X. chalybaeisans shows this habit om tightly adnate
£oliose forms (plate 3Bj 32B), All these species and those with
consigtently rudimentary eplcortices (see below) are non-maculate.

In the western area, pruinose amd non-pruinose states of
X. chalybaeizans have been found together on the same rock face and even
growing over one another, However, as their chemistries are the same and
similar exsmples are known elsewhere, such as Dimelaena Norxm. (Sheard,
1974; Weber, 1977), these states were treated as being conspecific,

Various types of crystals occur at the tips of some pored-

epicorticate 4 of X, ah aans, X. D .+ X. psoromifera
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and A. worcegteri (plate 6A, C, and D), which may cause a faint
pruinosity. The epicortices of X. pevsperda and Y. worcegteri have also
been observed . ! blistered at the very lobe tips (plate 6B),

Species which comstantly display rudimentary epicortices are

X. col s X B ., X. leptopl: and X, % x.
squamatica was not examiped with the SEM, but is assumed to exhibit this

habit from its 3 The of a i Yy

epicortex is always indicated macroscopically by a minutely felty to
coarse-pruinose upper surface. However this appearance may also be
caused by & pored epicortex which is heavily embedded with crystals, as

has been observed for X, psoromifera.
3.1.3  Qortex

Three terms pertinent to the discussion of tissue types found in
the Xanthoparmeliae are used in the presemt work. f{a) Prosoplactenchyma-
fungal tissue composed of hyphae of % elongated cells, always anticlinal
in the Xanthoparmeliae, and sometimes described as palisade plectenchyma.

as a network of cell

(&) Seleropl gal cissue
lumina embedded in & gelatinous matrix. This tissue type iz commen in
thicker upper cortices, and is almost umiversal ip the true or proper

exciple. The lumina may take on an anticlinal direction (plate 7Q) and

grade into prosopl {e} Parapl ngal tissue
composed of thin walled hyphae consisting of isodiometrie cells. Not
found iu the Xantkoparmelise but present in other fsliose genera such as
Phaeophyseia and Physcia (Moberg, 1977), Cetraria (Culberson and

Culberson, 1968; Kaxnefelt, 1979) etc.

(i) The Upper Cortex

The upper cortices of all faintly and non-maculate specimens

were observed (after usnic acid clearance) to be anticlinally
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prosoplectenchymatous, with the cells usually becoming shorier near the
upper surface (plate 74; 8A). In most of these species this stratum
varies between 10 and 30 pm thick, but may be thicker (up to 60 ym) in
X, schenekigna. An aberrvant, very thick (up to 200 um) upper cortex was

Eound in 8 single specimen of X. subeonspersa.

Maculate species show a greater upper cortex thickness
variation, both within and between specimens of the same species, This
iz coupled to a tissue-type variation, the thicker partions Leing
scleroplectenchymatous, and the thinner regions being the usual

Prosopl. tous. The variation has been observed ia

X. ewornate, ranging from zero at some pored—epic{tica:e areas to about
250 ym. The upper cortex ranges between 15 and 100 wm thick in

X. columnata, und between 15 and 70 pm in the X. Aypoleta group and
X. leucostigma, 1t is important to note that these are the waximum
ranges observad for the species in question, and not all specimens of

each species show this maxiuum variatiea.
(ii) The Lower ortex

The lower cortices are more comstant in thickness on the
tarminal lobes of mozt ~pecies, ranging from 5~15 ym. These are well
differentiated from the adjacent medullae, and are composed of thick

% api ; plate 88),

valled isodiametric vells (thez] not true

The stratus may become thicker towards the interior of the thallus, often
with a concomitant enlargement of component cells, and a loosening of
the tissye structure, which oftem clavifies the anticlinical arrangement
of the hyphae.
The pigmentation of thin layer varies from colourless to
very dark browm in {15-20 um) section. In some cases (e.g. the X. ’ypoleia ;

group), the brown pigment fs distributed around the outer walls of each

cell of the componant hyphae, giving the appearance of paraplactenshymn. |



3.1.4 The Algal Layer (Plate 74, B, and C; 8A, and C)

The algal layer is composed of trebouzoiu algae in all cases.
These algae commovly vaxy from 6-15 wm, but sometimes veach 25 ym in mean
diameter. The algal layer is thimnest near the lobe tips and thickens
towayds the interior. Maculat. species have uneven, and non-maculate
species. velatively even algal layers, the limits in the latter case
being 20~80 ym thick.

The maculate species show great variation in thickuess of this
layer, both within and between specimens of the same species, and also
between species, = variable is X, eworngtx in which the ajgal
layer, basicall; thick, rises to and fallg away from the upper
surfsce at intervals, resulting in vertical thicknesses of up to 400 um.
The psler areas on the obverse surface (maculae) ripresent the areas
where: (a) the epicortex is highly pored; (b) the algal layer reaches
the surface; and (c) the upper cottex is thinmest. This carn be cbserved
when suitable lobes are manually sectioned under a dissecting microscope.

The remainder of the maculate species have this layer uneven and
up to 80 um thick. 4 pale area on the upper surface (4 macula) seems to
be caused either by a break in the algal layer or a region of thin
{prosoplectenchymakous) upper cortex. The thicker (scleroplectenchymatous)

regions of the upper cortex are more translucent and appear darker.

3.).5 The Medulla (Plate 7D; 8A)

The medulla is D of loosely i hyphae (pl )

in asl species, The plectenchywa may be more tightly interwoven:
(a) in thisner wmedullae; (b) towards the lower cortices; and (¢} in the
stipe regions of some apothecia. The weduilary hyphae ave thick walled

and between 3 and 7 ym, and sometimes up to 9 um thick at swollen septa.
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Many species show both normal and bone shaped septa, (as reported for
Cetreliq cetravoides (Pel. ex Daby) Culb. et Gulb. by Jabns (1973)).
The medulla is very variable in thickness in most species and is
the main cause for the variability in thallus thickness. In emaculate
species the medulla tends to be velatively even, whereas it is more
irregular in maculate speciss, The extrere of the latter case again

being X, exornata with the medulla varying beiween 100 and 650 ym thick.
3.1.6 lsidia (Plate 23C, and D; 24 C and D)

Igidia are swall corticate cutgrowths on the obverse gide of the
thallus, incorporating algal and medullary tissue. In this collection
they vary from 50-300 pm in cross section, are less than | mm high, and
are gimple to slightly branched. The shape ranges from cylindrical
through clavate to almost rpherical, and dorsiventral isidia are sometimes
present., The isidia of X, globu’ifera (plate 23D) and X. subramigera
(plate s4D) are coarse and clavate to spherical, often with cleanly
broken-aff tips. However, in this study the size and shape of the igidia
were talken to be of no texonomic significance.

Ir the Karoo, the isidiate Xanthoparmeliae are conspicuous in

their rexity. This is oue of the outstanding features of its Yanthoparmelia

flora, in contrast with the castern ares where isidiate species are
common, A similar study in Arizona (Nash, 1974a) has revealed that
isidiate species of Xanthoparmelia are common in a region with a similar
climaie to the Karoo.

Two tentative examples of exisidiate-isidiate species pairs

{Poelt, 1972) are present in the collection: (a) X, aub X

subramigera; and (b) X. subdecipiens-X. globulifera. The latter
exsmple §s unsatisfactory in that the aliphatic acid chemistxies of the

pair consistently differ From each other, and the non-isidiate member
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is black or pale brown beneath,whereas the isidiate member is known only
from specimens which are pale brown below. However, none of the

aliphatic acids were positively ideatified.

3,1.7 Rhizinus and Holdfasts

Rhizines are extensions of the lower cortex, aud consist of many
strands of conglutinate hyphae runmning parallel to their axes. They
vary from 50-300 pm in thickness and £rom about } to 14 mm loug. Thay
are frequently simple, but coarser rhizines may be sparsely branched,
chiefly !n the apical half. Sometimes these structures become fused
together, or grade into holdfasts. Holdfasts differ from rhizines in
containing medullary tissue, and range from cylindrical to variously
shaped,

On the whole, rhizines are not good characters for determining
species, being too variable in size and abundance. However, X.
brunnthalert exhibits small rhizines (about 4 mm long or less), and
X. exopnata coarse thizines (I~i} mm %ong). Unless the lobes ave
subascending, many species exhibit rhizines of moderate size (about { to

1 mm long). The incidenc: of rhizines is very variable in species such

as the X. hypoleia group, X, tetang, and in sub ing-lobed
specimens of species which show this habit, being absent or sparse to

d ly ab . ko 1 are erhizinate

or have small rudimentary rhizines (plate 84, and C)., Most other
species are moderately rhizinate, with the rhizines distributed unevenly

on the interior of the lower surface.
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3.1.8 Thallus Coloux

(1) Upper Surface

All species are some shade of green or yellow-green due to
the pregence of the yellow pigment usnic acid in the upper 10-30 pm of

the cortex.
(ii) Under Surface

A lower ‘cor:ax is present in all species, at least at the
lobe rermini, and varies from almost white to black. The colour is caused
by non-axtractable brown pigments in this stratum (Melanins?)

The brown character of black ventral cortices cam be seen in section.

Species which consistently exhibit black lower surfaces ‘ze:
X, burmeisteri, X. columrata, X. constrictans, X. dysprosa, X. hypoleia,
X,

v X. hypop ica, X. schenckiana and X. :
Species consistently pale brown below are: X, adhgerens, X. brumthaler,

X. chalybaeisans, X. dichromatica, X. endomiltodes, X. ewornata,

X. globulifera, X. fowa, X. hyporhyvida, X ina, X. 1

X. leucostigma, X. moliiuscula, X. ralla, X. ecabroea, X. squamatica,

X. sub and X. subs i Species displaying both black and
pale brown under surfaces (in different specimens) are: X. colorata,

X. perspersa, X. psoromifera, X. subdecipiens and X. worcestert, Some
of the gpecies are Lnown fr»m too few individusls to permit unequivecal
colour elassification. The common species, X. sxnrmata, is consistently
pale brown on the reverse surface im the present collection, but the type
is black., It is not clear whether this iz atypical for this species,

and more collections from the western (ty.e) area may clarify this point.
Another common species, X. subconspersa is basically pale underneath but

ey become blackened from the lobe tips inwards, until sotie ~mecimens
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are largely black, with a small pale portion in the centre, A similar
type of colour variation is suspected in X, 7. orhytida.

Among the species with variable under suiiace colour,
X. perspersa and X. worcesteri are common. In these species the pale
brown and black states pradominate while only a few specimens are dark
brown below. However, this colour variation could be due to a
conceutration effect of a single pigment, which may even be environmentally
induced. It was considered best to regard these black and pale brown
states as single species, until better evidence becomes available, The
black and pale brown variants of X. colcrata sad X. worcesteri show
digtributional patterns, but the remaining species do not. The common
(black) farm of X. colorata occurs on the western and southern margins,
but a pale form occurs in the Roggeve:d and Nuweveld ranges, where the
black state has not been found. % -lak variant of X, worcestert is
restricted to the western part of the Karoo, whereas the pale state is
widespread. While the distribution could ba invoked to regard these
colour forms as separate species, the was congidered inadvisable because
the other species showed no definite distributiomal patterns related to

colour.

3.2 APOTHECIA

3.2.1 Apothescial Habit

The apothecia are alvays laminal on the upper surface of tha
thallus., They vary from immersed to admate in the crustose to
suberustose species, comumonly uot exceeding | mm and never more than
2.5 mm in diameter, and are always plane or convex (plates 33, 34, 35).
Of the folivse to subfruticc<e species range, three deserve particular

mention with regard to their apothecial habit. X. brumnthalerd is
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among the foliose species in having distinctively plane

apothecia, up to 5 mm in dismeter, which sometimes become convex and

plicate

(plate 25}, Deeply cupped (suburceolate) . ¢hecia are common

for X. colovata and X. schenckiana (plate 314, and C), in contrast to.

those of the similar species X. pu.romifera, which are shellowly cupped,

& common condition for apothecia in this gemus (plate 31D), Most

apothecia of foliose specimens arv substipitate but become adnate and

pla e on smaller-lobed specimens. The majority of ayothecia have been

found to bae under ! cm, but reach 2} cm in diameter in certain species.

Perforations are sometsmes present, but are artifacts caused by lichen

predators such ts mite. 1 curculionid beetles (c.f. Parmotrema Mass.

p.p., Hale, 1965).

in most

The hymenial surface coluur veries from chestmut brown to black

species, but is essentially black in X. colorata, X. psoromifera

and X. schenokiana. The surface is also often finely pruinor: as well,

in the firat and last t:

d species. Crust and

specimens also tend to have apothecia with black hymenial surfaces. The

pigmentation is present only in the upper 5-10 um of an otherwise hyaline

hymenium.

3.2.2

Apothecial Structure

The structure of the apothecium is consistent in all species

except X. heterodoxa and X, ralla, which will be excluded from this

discussion unless mentioned specifically. The apotheciun asnsists of two

majoxr

{a) the ap it par se, or true (proper) apothecium,

the reproductive structure of the lichen fungua ; and (b), the thalline

excipla,

(the thalline tissue ing this i ).

The true apothecium in turn consists of three layers: the true or propexr

exciple;

the subiyneniun; and the hymenium or fertile layer (Eig. 14).
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unusual among the foliose species in having distimctively plane
apotheeia, up to 5 mm in diameter, which sometimes become convex and
slicate (piate 25). Deeply cupped (suburceolate) apotheuia are cormon
for X. colovata and X. schenckiana (plate 31A, and €), in contrast to.
those of the similar species X. psoromifera, which are shallcwly cupped,
a commen condition for apothecia in this genus (plate 3iD), Most
apothecia of foliose specimena are substipitate but become adnate and
plane on smallex-lobed specimens. The majority of apothecis have been
found to be under | cm, but veach 2} cm in diameter jn certain species.
Perforations are sometimes present, but are artifacts caused by lichen
predators such as mites and curculionid beetles (c.f. Parmotrema Mass,
p-p., Hale, 1965).

The hymenial surface colour varies from chestnut brown to black

in most species, but is tially black in Y. colorate, X. puoromifera

and X. schenckiana. The surface is also often finely pruinose as well,

in the first and last ioned species. and

specimens also tend to have apothecia with black hymenial surfaces. The
pigmentation is present only in the upper 5-10 pm of an otherwise hyaline

hymenium.
3.2.2  Apothecial Structure

The structore of the apothecium is consiatent in all species
except X. h-serodoza and X. ralla, which will be excluded from this
discussion unless mentioned specifically. The apothecium consists of twe
major components: (a) the apothecium per se, or true (proper) apothecium,
the reproductive structure of the lichen fungus § aad (b), the thalline
exciple, (the thalline tigsue surrounding this reproductive struct.ire).
The true apothecium in turn consists >£ three layers: the true or proper

exciple; the subhymenium; and the hymenium or fertile layer (fig. 14).
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The development of the apothecia of non-crustose spacies has been found

to be angiocarpic (semsu Cormer (1529)).

(i) The Thallinme Exciple

This unit resembles the thallus itself, but lacks a lewer
cortex. Two algal layers are pregent: one below the obverse cortex,
as in the thallus itself, and the other below the true exciple. These
two layers of algae appesr torise independently as there always is a

discontinuity in the radial "meristem" region of the true apothecium.

(ii) The Trye Exviple

This stratum is always hyaline. In all but crustose to
subcrustose species or parts of species, it is horizontal and
scleroplectenchymatous, varying from 20-100 um thiek. In crustose to
subcrustose species, however, the exciple is thinner (10-20 ym), sometimes
shallowly funnelled,.and tends rowards an amticlinal prosoplectenchymatous

condi.tion.

(iii) The Subhymenium

This thin layer is always 5-20 ym thick and even, It
reacts pale blue with Lugol's iodine and is sometimes indiscernible from
the hymenium. The subhymenia of X. heterodoza and X. ralla are clearly

copical and thicker, much thicker than the funmelled exciple.

(iv) The Hymenium

The hymeniom ranges between 40 and 70 pm in thickness, and
is dark blue in Lugol's iedine, especially when asci are abundant, It is
composed of a mass of conglutinate paraphyses interspersed with clavate

asci. In most foliose species, thin (10 um), phloxine-stained sections




107

of this layer show that the paraphyses are infrequently to rarely

and s faixly £ 3y and

in forms of X. g and X .

The paraphyses are thick walled, -8 septate, with the septa becoming
mwore closely spaced towards the tips, which may be slightly swollen.
The asci are narrowly to broadly clavate with thick K’[a +

mode of dehiscence ( s

blue apical domes, and exhibit a

1978). The ascospores are commonly
fashion, but some species show an indist~inct uni- to biseriste urxange~
ment in more narrowly clavate asci., The asci contained I ascospores in
all observed casea, The ascospores are hyaline, unilocular, approximately
ellipsoid and lack bipolar symmetry. Only onme ascaspore size range is
present: 7-12 ym long by 4-7 um wide (c.f. Parmotrema Mass., Hale, 19633
Winnem, 1975). Most ascospores ara shorter than twice their breadth.

The ascospore wall is ordinarily somevhat less thas | pm thick, but may

‘become somewhat thicker at the poles.

3.3 PYCNIA AND PYCNOCONIDIYA

The pycnia of many species have been examined, and are between
50-200 um in mean diameter, These organs are completely immersed in the
upper side of the thallus, are narrowly to broadly flask shaped, and
open to the exterior by means of ostioles which are flush with the
upper surface. The outiolar regions (plate 5D) are often, but not
alvays, bdlackened, and may thus appear as black spots on the obverse
surface. However many factors may cause black spots, the mosh common
besides the presence of pycnia, is the presence of apothecial primordia.
‘The upper surface of X, brumnihaleri, for example, is commonly black

spotted, but most of these are apothecial primovdia.

in an indistinct bi~to triseriate
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The pycmoconidia are rtraight or slightly curved hysline rods,
often 5-8 ym long by about I ym thick (plate 7B; 8D), These exhibit

sweliings at ome to four points along their lengths, but 1 or 2

avellings are most The p idie of X. ool X

schenckiana and some i of X. persp are longen
{8-12 ym). ‘The longer pycnoconidia are almost evenly rod shaped, that

is the swellings, if present are not prominent.
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4 TAXONOMY

4.1 HILSTORLCAL REVIEW OF GENEREC CONCEPTS USED FOR THE SPECIES NOW
CLASSIFIED IN YANTHOPARMELIA

One of the best known of the very early documents cnplants was
written by Theaphrastus (371-284 BC) of Eresis, Greece, who used thsz
word "lichen" to signify superticial growth on the bark of olive trees.
In the long period of time untii de Tournefort (1694}, the word
"lichan" was applied mwore often to hepatics belonging to the
Marchantiales than to lichens, and meny of the latter weve described as
wosses. During this period no serious attempt was made to group the
known plants into genera, and it was Tournefort (1694) who first did so,
giving diagnoses for each of his genera. In the genus Lichen he
included mainly lichens with a few higher cryptogams. From this date
untii around 1800, the genus Lichen was used for wost foliose lichens
with green algae, Although other licheus had beea segregated into other

genera, thes« were not widely accepted in the latter half of the 18th

cencury, due to the i of the ive Li « Prior to
Linnaeus {1753) the gemerie names were used in conjunction with short
gentences to designate the species, and binomials were chance
oceutgnces, The first Xwnthoparmelia to be described in binomial form
was X, centrifuga (L) Hale as Licken centrifugus i followed by another
arctic Yanthoparmelia, ¥, inourva (Pers.) Hale as Lichen imcurvus Pers.
The only other Yanthopaymelia published as a binomial in the genus
Lichen was X. consperaa (Ach.) Hale, as L. comspersus Ach. Towards the
end of the 19th century the Linnaean dominance began teo break down apd
attempts to separate rhe lichens into genmera resumed. Several genéra
were associated with the Xanthoparmeliae around 1800, all of them

imprecisely delimited purely on external morphological features and
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therefore all very broad in scope, Typification of scme of these genera
is a problem and some have fallen into disuse due to the confusion
surrounding these names. X. centrifuga (L) Hale was placed in the new
genus Squomaria by Hoffmann (1790) but accozding to Krog and Swinscow
(1979) this is an illegitimate later homouym. As pointed out by the
latter authors the name Lichen seet. Imbriearia Schreber (1791) was based
on Squoamaria Hoffm. and thus the lectotype of the genus Squamaria is
the lectotype of Imbricaric ‘Schreb.) Acharius (1794). Inbricaria which
was uged for several Yanthopaymelias must thus be rejected. X. tneurve
(Pera.) Bale and X, comspersa (Ach.) Hale have beew referred to Lobaria
(Schreb.) Hoffm., but Lichen sect. Lobaria Schreber (1791) is clearly
typified by Lobaria pulmonaria (L) Hoffm. The genus Pluoodium Wigg. has
been used for X, incurva, because of its tightly adnate and small habit
(Frege, 1812), Placodivm Wigg. is typified by Placodiwm candelarius (L)
Wiggers (1780) the basionym being Idchen candelarius Linnaens (1753).
X. camischadalis (Ach.} Hale was originally described in Borrera Ach., a
genus used to accommodate a diverse range of subfruticose tofxuticose lichens,

Despite the handful of genera used for the then known Xanthoparmeliae,
the genus Parmelia Ach, was predominantly used for these lichens from
its inception, However, the concept of the genus was very broad, and
it was not until de Notaris (1846, 1847) that the extraneous elements
such as the foliose Physciaceae and Teloschistaceae were exclu-: ... ‘The
pumber of newly described species in Pamelia (s.lat.) began increasing
and the genus rapildly became large and umvieldy,

First attempts to sort the species into vatural groups were by
arranging the species under the name of the oldest, most well known or
most typical member of the group. For example Nylander (1860) grouped

most of the Xanthoparmeliae in his "Stirps Pammelia conapersas”. Latex B




named sections were used and Wainio (1890) in his study of Brazilian
licheus, coined the name Xanthoparmelia as a section of his subgenus
Fuparmelia. He placed all narvow lobed yellow-green species (those
containing the yellow pigment usnic acid in the upper cortex) in this
section, This is now regarded as a very broad interpretation of the
taxon, as greater smphasis is placed on other characters, such as cilia,
rhizines and substrate ecology. Thus Wainio included Relicina abetrusa
(Vain.) Hale, Hypotrachyna flavida (Zahl.) Hale, H. velloziae (Vain.)
Hale, and Pseudoparmelia sphaerospora (Nyl.) Hale in his section
Xanthoparmelia.

The epithet Xanthoparmeliaz haa since been used as a section
of subgemus Puparmelia by many authors (Zahlbriickmer (1929)), but with
differing delimitations and broader in concept than is presently

as le. Hale and (1964) raised the taxon to

the rank of subgenus retaining a narrow and refined concept, The taxon
included all marrow lobed, obligately saxicolous, simply rhizinate
spacies which contain usmic seid in the upper cortex and which are
devoid of cilia and pseudocyphellae. This concept of the taxon was
retained when it was raised to the rank of genus by Ksle (1974d).

The generic status of the baxon is a poi ¢ of contention at
present as is the treatment of the whole of Purmelia (semsu lato)
Hawksworth, 19785 Krog and Swinscow, 1979), In the present work generic
status has been accorded to the taxon, because of its distinet ability
te survive under semidesart conditions, and the abundant Xemthoparmalia
cover produced under more humid conditions in comparison to the other
allied genera Pseudoparmelia and Neofuscelia. = enera also
show different ranges of vhallus habit and mo., nuances, besides

the clearer differences,such as in cortical chemis.., .
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KiY TO THE KAROO XANTHOPARMELIAE

Thallus £65diate cevavviiarnrioniierstnsrsnncernssiissnrsnrs

Thallus not sidiate «euviereiniiasvivronnneansrranrnnirons

Thallus foliose to £TULICOSE 4urvnareverarinossnrnsscssse

Thallus SubCruStOSe £O CXUSEONE 4uvessvnrvvarrrrossssersse

Thallus crustose, always less then 100 um thick, medulla
very thin and obscure, KC reaction obscure ........ssessss
Thallus mostly thicker than 100 um, medulla clearly
visible in oblique section, and medullary reactions cleax

Thallus often scattered, frequently with minute sublinear
lobes present (norlobaridonme in the algal layer and
meduila) .vsviivrescerariraeraiasiissveres X, ralla Bruase
Thallus often coherent, lobes elongate to very elongate,
{evernic acid sometimes with lecanoric acid in the

algal layer and medulla) ....... X. X2tercdoza (Hale) Hale

Medulla K+ yellow to blood=~red ivseuienseciavernacessocsee

Hedulla Ky P vuvrenrvannorinenennissertnaeeirarineranets

Madulla K+ pale yellow (pe.haps better regsrded as K-) may
bacome a dingy colour on drylng, Pe «cevvriiiiss.nnrvrasnas

Medulla K+ yellow to blood-red, P+ yellow to orange .e....

Medulla K+ pale yellow, KG-, very strongly blue white
flucrescent in lougwave ultraviolet light (squamatic acid

PrESERE) suvvierens « X ¢ mamatioa Brusse
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10 (8

11(10)

Medulla K+ pale yellow sometimes drying to a pale

violet colour, KC+ rose to orange rose to sometimes red,
weakly to strongly blue-white fluorescent in longwave
ultraviolet light (hypoprotocetraric acid, 4-0-
demethylnotatic acid and associates present) ,.vcsiessaisss

wesenssaes Xo perspevea (Stiz.) Brusse

Medulla K+ yellow sometimes becoming orange (stictic acid
and associates Present) i..eeceeerrsserenssesssiesrtonacns
Medulla K+ yellow becoming red or blood-red, or yellow-

orange often becoming blood-red .ieeieeiinaciasnriaivaanas

Upper surface pruinose to dull, undersyface pale, lobes
elongate to very elongate, apothecia sometimes iwmersed ..

“ieseevess X adhaerens (8yl.) Yale

Upper surfacedull to glosgy, undersurface black on the
most interior exposable surface, lobes sometimes
sublinear, apothecia not immersed v.ovveveracrnvsosssrenss

Mireerensesierarnaesiacriinses Xo donstrictans (Nyl.) Hale

Medulla K+ yellow-orange often becoming orange, red or
blood-red (salazinic acid with the "chalybaeizans

unknown” present) .

serierersrina K chalybaeizone (J. Stein, et Smalbr.) Hale
Medulla K+ yellow becoming rea ar blaod-red {.:'azinic
acid Present) .iiiiserasesiiianiientantiiarie o taentaanes

Uppet surface pruinose to minutely felty, und . ‘face pale,
lobes elongate to very eleongate, apothecia citen

immersed .. vrevas. Xo leptoplaca (Zahlbr.) Stusse
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11(10)

12 (5)
12 (5)

13012}

13(12)

14(12)

14012)

15 (2)

15 {2)

16¢15)
16(15)

Upper surfacedull to gloasy, undersurface black or the
most interior expasable surface, lohes sometimes
SUBLEMEAT, +rvverarrorensenesonresnannsarroraneenensnrrnre

« X. eonstrictans (Nyl.) Hale

Medulla C4 citrine yellow £0 Ted ..uveeeriieviorsnasnerens

Hedulla € susruseonronrnesrssrerssssroncsosinonsnsnasvnne

Medulla O+ red, KG+ red (lecamoric acid present) v........
cenressnsecasene X, Woressteri {(J. Stein. et Zahlbr.) Hale
Medulla C+ citrine yellow, sometimes with am initial

£leeting C+ yellow or even orange reaction, KC+ rose to

ige (hyp ie acid, 4 ylnotatic

acid and assoclates present .. X, perspersa (Stiz.) Brusse

Medulla KC+ rose to orange, weakly to strongly blue-white
filuoreseent in longwave ultraviolet light (hypoprotu-
catraric, 4-O-demetbylnotatic acids and associates
Predent) ..iiiiereiesviccoss.. X, Derspersa (Stiz.) Brusse
Medulla KC-, very strongly blue~white fluorescent an
longwave ultxaviolet light (squamatic acid present) ......

sesrssreesenraransiiaisenrenaraneenes Xo Squanabica Brusse

Upper suvface faintly to coarsely maculate, dull to glossy,
never minutely felty or coarse-pruinose ......civecisniians
Upper surface non-maculate, glossy, dull, minutely felty or

COATEE PIULROBR «uvierarinsrsatiarinsarisriotasttiosirains

Undersurface black aveevesesesnssassssvaniaroioanainasios

Undersut£ace PALE ,uvvreesasenrrvsriirniaisscorarsrireioine
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17(16)
17(16)

18(17)

18(173

19(18)

19(18)

20¢18)

2008)

21(2%

21(20)

22021)

Lobeg 3-6 um broad ..ieieacisenis

Lobes less than 4 mm DIoad seeuieaieisicnaarasssorasresase

Lobes uniformly closely appressed, upper surface dull to
COAZSE~PrUiNOSE ¢ 1uirerartsirratsacarorrtosiiirrrrarrosian
Lobes subascending to ascending, wpper surface dull to

J2 L S T T TR T T TR P

Medulla R+ yellow then xed or blood-red of K+ yellow-
orange often becoming orange, red or blood~red, P+

yellow becomi~3 oyange (salazinic acid with er without

e “chialybaeizans unkoown") .. X. hyporhytida (Hale) Hale
Meduils X~ then very slowly becoming dingy orange or red,
P+ yellow becoming red or blood-red; or K-, KC+ rose,

P+ yellow becoming orange or orange-red (protocetraric,

fumar ic and i ic acids and

associates present) ..i....... X, subcomsperoz (Nyl.) Hale

Medulla K+ yellow then red to blood-red (salaziniec acid
PEESENL) +uvvsvisncronrasorsanses Xo cOlorata (Gyel.) Hale

Medulla K- or B+ pale YRLLOW soevesrsrraansaonserssisnenee

Medulla P~, often O+ pale citrine yellow sometimes with an
initial fleeting vellow or evun orange, KC+ rose to

orange-rose . X, persporsa (Stiz,) Brusse

Medulla P+ yellow €0 Y&d .ouvsivscnersrirncassnivssrennsne

Medulls P+ pale yellow becoming rieh citrine yellow or
golden yellow, KC~ (Psoromic acid and 2'-O~derethyi-

psoromic acid present) ...... X. paoromifera {Kurok.) Hale

21

22

o e




22(21)

23017
23(17)

24(23)

24(23)

25(24)

25(24)

26(24)

26(24)

Medulla P+ yellow becoming orange to red, KCt+ rose
(protocetraric acdd DEESENt) .....iieiereirsseceruonsescnns

seevveness X schenckiana (Mill. Arg.) Hale

Medulla R+ yellow to blood=red .isvecessearserncriinvaaies

Hedulla K= svrvrronoronnonsanstosasvonsaronesssnrasaninne

Medulla K+ yellow sometimes becoming orange (stictic aeid
and associates present) ........iesesueieriiiiiiitiriiiia,
Medulla K+ yellow becoming red or blood-red (salazinie
acid present) or K+ yellow~orange often becoming red

to blood-red (salazinic acid and the "chalybaeizans

unknown" PLESEREY 4ov.iys euersiuenrnrensanininreniisenens

Lobes always less than 2 mm broad, often constricted and
constrictions more comspicuous on broader lobes, Thallus
uniformly tightly adnate to loosely adnate and
"stenophyl1oid” .. veseeseansss Xo constrictans (Nyl.) Hale

Lobes prominently broader than 2 mm ..

svecaresiriesesrieraveenaees Xo hypopsila (Mill. Arg.) Hale

Undersurface black except in the centre of the thallus or
nedr the bases of lobes. Medulla K+ yellow or yellow—
orange, becoming red or blood-red. Thallus loosely adnate
with sublinear to linear lcbes, sometimes with A normally
foliose circumference (salazinic acid with or without the
“ghalybaeizans unknown' pregent) ...esseersriniceivesiacnes
Wavarseraserreeeniaranseansasse Xo hypovhytida (Hela) Hale
Undersurface completely black, except at the lobe tips,
medulla K+ yellow becoming blood-red (salazinic acid

DTESEN) 4rvvisinerntiniiriraisrnieeen sorirsaeciaies

24
28

25

26
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27(26)

27(25)

28(23)

28(23)

29(28)

29(28)

30016)

30016)

31(30)

31(30)

Lobes always less tham 2 mm broad, often constricted,
constrictions mere conspicuous on broader lobes, Thallus
uniformly tightly adnate to loosely adnate and
"gtenophylloid” ..vvesesee.es. X. comstrictans (Nyl.) Hale
Lobes commonly 2~4 mu broad, if prominently less than 2 mm
broad, then not conspicuously comstricted, and some lobes
broader than 2 mm., Thallus moderately to loosely adnate .

cvrvevesieeieneeiines X fasmanica (Hook.f.et Tayl.) Hale

Medulla C+ red, KC+ red (lecanoric acid present) ...

veeesiaeeseesses X. wovcastert (J, Stein. et Zahlbr,) Hale

Medulla G~ or G+ citrine yellow ...

Medulla KC+ rose to orange-rose, C+ pale citrine yellow,

sometimes with an imitial fleeting yellow to orange

colour (hyp ie acid, hylnotatic acid

and associates PresSent) .....iisesesisrrsceseniratiironsen
ticesisarsecoriratassscasaanas X, perspersa (Stiz,) Brusse
Medulla KC-, C- (aliphatic acids present) svicveveverssaes

revsresarsisveeess. X gubdeaipiens (Vain. ex Lynge) Hale

Maroon to violet pigments present in the medulla,

sometimes only as spots .

Medulla without maroon to violet pigments «u....severvanes

Medulla spotted with mavaon to violet pigments, P+ yellow
becoming orange to red, KRG+ rose (protocetraric acid,

with one to all of the "andomiltodes unknowns* present) ..
fieeesanviaresesiscacssvaioss X, dichromaticn (Hale) Hale
Medulla completely maroon t. ,solet, or with the lower

part of the medulla white ..vviveivecraisnsoncariernsansas

1z
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32(31)

32(31)

33(30)

33(30)

34(33)
3%(33)

35(34)

35(34)

36(35)

Medulla containing salazinic aeid and all of the

"endomiltodes unknowns” ......

cererereiiiiieseressniniaennn X endomiltodes (Nyl.) Hale
Medulla containing Th~1, Th-2 and all of the

"endomiltodes unknowns" .iisaesanecsess X tontiing Brusse

Thallus foliose to fruticose, with varying proportions of
terete lobes wpper cortex contimuous all the way around
the circumference) and dorsiventral lobes. Medulla K+
yellow sometimes becoming orange (stictic acid and
associates present) ........... X, molliuscula (Ach.) Hale

Thallus foliose to subfruticose, terete lobes absent .....

Medulla K+ yellow to blood=Ted ..i..veeeseerarverarreneran

Hedulla K- or K ~then a slow dingy orange or red ..

Medulla K+ bright yellow becoming bright orange, C-, KC no
effect or blesching the K reaction slightly, T+ yellow
ther red to blood~red (4~O~methylhypoprotocetraric acid,
FB~l and ¥B-2 present ........ Y. pevspersq (Stiz.) Brusse
Medulla K+ yellow becoming red or blood-red, or K+
yellow-orange often becoming red to blood-red, P+ yellow

DECOMING OTAMBRE 44vsveersssnererasusertonsasersttsasrases

Thallus lobes prominently 4—6 mm broad, upper surface
felty to coarse~pruinose, medulla K+ yellow then red

(salazinic acid present) ........ X. colorata (Gyel.) Hale

1
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36(35)

37(34)
37(34)

38(37)

38(37)

39(37)

39437)

50(39)
40(39)

Thallus lobes very variable, prominently 1-4 am broad;
wpper surface coumonly dull to glossy, but becoming
minutely felty to coarse pruinose in the NW area.
(salazinic acid and the "chalybaeizans unknown" present)

srvaressreess Xo chalybaeizons (3. Stein. et Zahlbr.) Hale

Medalla P+ citrine yellow to Blood=Ted .vvvrevernecrrsneny

Medulla P susiieniiornsteansiiiassutaatirraatnisiitasens

Medulla K- then a slow dingy orsnge or reddish, P+ yellow
becoming red or blood~red; or K-, KC+ rose, P+ yallow

becoming orange to red ic i i

ic acids and tes presen’”  Thallus

often moderately to loosely adnate «...ceen
srsvenssassreiiessasiensireian X subconspers. J Hale
Medulla K-, P+ pale citrine yellow becoming citwinu
yellow to golden yellow (Psoromic and 2'-O-demethyl-
psorcmic acids present). Thallus tightly adnate often

clesely lobes i 3=6 mm

br08d versvsnrrriaanarsasa.. X paovomifera (Xurok.) Hale

Medulla C+ red, RC+ red (lecanoric acid present) ...

feceasessaananse X worcestert (J, Stein. et Zahlbr.) Hale

Medulla C- ox Cr pale citrime yellow or pale orange .

Medulla KC+ 7058 LO OTANEE evvsrsnsvasansrnsnarsnasnenvsas

MeduLla KG= (C=, P=) 4uvesnvsnrriosernnnsorsinrneraoranas
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41(40)

41(40)

42(40)

42(40)

43(15)
43(18)

44(43)
44(43)

45(44)

120

Medulla K+ pale yellow sometimes drying pinkish or pale
violet, C+ pale citrine yellow, sometimesa with an

initiel fleeting yellow to orange reactiom, KO+ rose to

orange (hypop: ic, 40 hy ic acids,
and associates present) ......, X. perepersa (Stiz.) Brussa

Medulla K-, G~ or C+ pale yellow to pale orange, KG+

f£aint rose to orang (barbatic, hylbarbatic
acids and several associates Present) ......eeiesesircecas

crsseseverreses X brunnthaler? (3. Stein.et Zahibr.) Hale

Thallus tightly adnate, iobes prominemtly 2-4 mm broad,
if narrower then thallus adnate to loosely adnate

(aliphatic acids preseat) .

tieeeasarasusrreesss X. subdecipiens (Vain. ex Lynge) Hale
Thallus rightly adnate, Iobes prominently 1-2} mm broad,
always uniformly closely appressed, oftenm coutiguous and
very elongate (brun-1, brun-2 and brun~3 present) .....s..

vivesnsvesesses Xo brunnthalert (J. Stein. et Zahlbr.) Hale

Undersurface black «vvieeeiriiscssncrarrnissaessicaranses 50

Undersurface iVOry to BYOWL ivieeesseraentsssnarenianrecas B4

Medulla K+ yellow to blood=red vieerevesrresrsnranncenoees 47
HMedulla K-, or K~ then slowly becoming & dingy orangs to

red COLOUE 4uvrstarsrarstassosbrannersarasnsssnissnssocs 43

Medulla P+ yellow bacoming orange to hlood red, K- then
slawly becoming dingy yellow to dimgy red, KC-; ox K- and

KC+ rose ie, ic, fumar=
{p

ic acids and iates present}, upper surface

faintly maculate only (....... X. suboonspersa (Nyl.} Hale




45(44)

46(45)

46(45)

47 (44)

47 (44)

48(47)

48(47)

42(47)

49(47)

50(3)

50(43)

Medulla P, upper surface distinctly maculate ......

Medulla G~ or G+ pale rose, KG+ rose (gyrophoric acid
Present) ...iieieseeansesenansasanss Xo leucostigmr Brusse
Medulla C-, RO~ (no substances present) siessieevecveseons

Criasrressanertasarareaiasares Xo exorngta (Zahlbr.) Brusse

Thallus “stenophylicid” (i.e. loosely adnmate, and

composed of highly imbvicated, sublinear to linear lobes)
P T T T . -4
Thallus normally foliose or composed of discrete, evenly

appressed convex LOBEE ....essirerrseciieaionssrerereiiase A8

lobes discrete, evenly appressed, convex and thick; to
flat and thick. Maculae coaxse but may become largely
confluent. (Medulla containing salazinic acid with or

without the chelybaeizans unknown) ......

seerseraresisinesasisssrsansoss Xo eOrnata (Zahlbr.} Brusse
Thallus normally foliose, lobes thin, maculase faint.
{Salazinic acid and the "chalybaeizans unkno.sn" always
present in the medulla ...ovesirraccesiinncrreisiinirieees

trevieseniess X, chalybagisano (3. Stein. et Zahlbr.) Hale

Lobes thin and flat, upper surface faintly maculate ......s
trverertiranietaininesennaieess Xo hyporhytida (Hale) Hale
Lobes thick and couvex, upper surfacedistinctly to faintly

maculate (by confluence) ...... X. exopnata (Zahlbr.) Hale

Thellus d of discrete, evenly app s VOry
alongate to sublinear convex 1obes iivierisiarsssesiiises 51

Thallus BOL 38 ABOVE s isveavssarsssasonsnsseasnboniraranes 52




51(50)

51(50)

52(50)

52(50)

53(52)

53(52)

56(53)

54053)

122

Medulla K+ yellow or orange-yellow,becoming red to
blood-red, C~, KC no change or bleach, P+ slowly
yellow to yellow-grange to orange-red. (Salszinic
acid with or without the "chalybzeizans unknown"

prasent) . eesnas X emovnate {Zzhlbr.) Brusse

Medulla X+ pale wine rose, C+ pale citrine yellow, K€ no
change on the K reaction, P~ (hypoprotocetraric aod
4~0-methylhypoprotocetraric acids present) ....vseevesonns
« X. columata Hale

Medulla either K+ pale yellow rapidly becoming bright
oramge to bright orange-red and P+ citrine yellow, or

K+ zich citrine yellow becoming erange-yellow on drying
and P+ citrine yellow slowly becoming yellow-orange (Th-1
and associates,or thamnolic acid present). Upper surface
strongly to more often weakly mACUlate ....svvecsissasncss
sesersvseseisinenve X0 Mypomelaena (Vain. ex Lyoge) Brusse

Medulla K~ of K+ pale WiRie TOBE +uvesrevversrrananrnsssrens 53

Medulla P+ yellow becoming orange to orange-red (proto-
cetraric and virensic acids Present) .ueieivereverneneress

veessss X hypoleta (Nyl.) Hale

Medulda P= sieiiisiiniiiiiitiireiciariiararirainrinieniinss 54

Medyita £aint pink, K+ pale wine rose, KC no change or

slight darkening, O+ pale citrine yellow (hypoproto~

straric and 4-0 hyLhy ic acids present)
seeaveasaesdn X ypoprotocetrarica (Kurok. et Elix) Hale

Medulla X~; XC+ wine rose to bright orange, €= seuvvreiesss 55




Rl o S

55(54)

55(54)

36 (1)

36 (1)

57(56)

57(56)

58(57)

58(57)

Medulla KGC+ pale wine rose to pule orange (evernic acid
PIESENL) veverrarertasassanessannrornss X dysproea Brusse
Medulla KC+ bright orange (barbatic and 4~O~demethyl—

barbatic acids present) ..... X. burmeisteri (Elix) Brusse

THALLUS ISIDIATE

Undersurface black, medulla K+ yellow sometimss becoming

orange (stictic acid and associates present) ...

cersererssnesesriassarvisasscesss Xo conepersa {(Ach.) Yale

UAQersurface Ple vevervssvevararsersisrrnnsaneeninereises

Medulla P+ yellow becoming red to blocd-red (lucecino-

acid and associztes present) ....ciresesions

. X . lieumigera (Gyel.) Hale

Medudla P ouviuvenssonusiastencissnsarrsrnststntioirinees

Medulla XC+ rose to red (norlobaridome present) .....c....

crerveess X, senbrosa (Tayl.) Hale

Medulla KC- (aliphatic acids present) ....coevvvsnsavsains

verarserarsenase. X globulifera (Kurok. et Filson) Brusse
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4.3 TAXCNOMIC SECTION

Xanthoparmeiia adhaerens {Nyl.) Hale
Plate 34 A, B, and C; Fig. 22. (p. 171).

Hale (1974) Phytologia, 28 (5): 486,

Parmelia adhaerens Nylander apud Crombie (1876) Journ. Bot.
Brit. and For., 4: 19, Holotypus: Table Mountain,
Cape of Good Hope, &.E. Baton "Venus Transit Expedition,
September 1874, BM!, Isotypes, BM!

ZParmelia saxsti Stizenberger (i890) Ber. Thatigk, St. Gall.
naturwiss. Gesellsch., 1888/89: 153, Hulotypus:
Suprs saxa basaltica montis Lubombo in Transvaalia :

Wilms, ZT.

Thallus subcrustose to crustose on xock; up to 44 cm in
diameter; lobate marginally and areclate in the centre, Lobes elongate;
very closely appressed to flush with the substrate; 0,3-1.0 um broad;
up te 4 mm long o the first complete transverse fias{e; 60-200 ym thick,
occasionall~ up to 500 ym in come central bullate areoles (plate 34A).
Upper surfacz yellow-greem, but commonly darkening to olive green in the
central, arenlate portions of the thallus; dull to minutely felty,
becoming coarse-pruinose at some lLobe tips; witn the epicortex highly P
pored to rudimentary; not isidiate or sorediate, Undersurface preseut
at the lobe tips, but may be largely absent in the interior of the thallus}
tan to creme, but difficult to observe; with rhizinas rudimentary if
present,

Apothecia innate to adnate; up to 0.7 mm across; plane. b
Ascospores (few seen) 9-13 um by 5-6'5 pm. Pyenia 50100 ym in mean

diameter, Pycmoconidia 5-8 um long.
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Medulla white ox very pale pimk; K+ yellow, sometimes becoming
pale orange om drying; KC no change, or bleaching the imitial K
reaction; C-; P+ pale orange.

Chemistry:~ Usnic acid, and sometimes atramerin in the upper cortax;
stistic and constictic (4~O-methylsalazini~) acids in the medulla, with
norstictie and hypostictic acids, and St-1 and PQ-4 2+ accessory
substances,

This specieg is probably more chavacteristic of the eastern half
of the country than the Cape Province, where it occurs at wetter localities.
It is present all along the southern margin and has been collected as
far north as Clanwilliam on the western margin.

Some specimens of this species are rather difficult to separate
from subcrustose forms of the stictic acid strain of X. comsirictans.
However, the lobe tips may be coarse pruinose above and are some pale
shade of browns below, in the former species, and are usually glossy
above and black below, in the latter species, In addition, thalli of
X, constrictans show signs of sublinear to lineaxr lobes, and may
sometimes tend to brown in the interior.

X. adhaerens is morphologically zlosely related to X. leptoplaca,
but differs in chemistry and an almost mutually exclusive distribution,
Both are loosely reminiscent of Dimelaena oriena (Ach.) Norm. (Physciaceas).
Specimens examined: 3218BB, 11 km NE of Clanwilliam, Pakhuis Pass,
alt, 610-670 m, 772 8§-3~2 (on TMS8), 772 §~3-3 (on coarse grained gramitic
rock); 3321AD, Seven Weeks Poort near Ladismith, on TMS, alt. 915-945 m,
772 11-3-2pp, 772 11-3-5pp, 772 11-3-6pp, 772 11-3-25, 772 11~-3-373
33224C, 18 km 5 of Primce Albert, top of Swartberg Pass,alt. 1700 m,

772 1i=1-2, 772 I1=1~3, 772 11-1-14 (on TMS), 772 ~1-9 (o coarse
grained granitic rock); 3323AB, 14 lm N of Willowmore, Perdepoort, on

Witteberg siltstone, alt. 850-880 m, 772 14-3-7,
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Xanthoparmelia brummthalers (J. Stein. et Zahlbr.) Hale

Plate 25; Fig. 15. (p. 128"
Hale (1974) Phytologis, 28 (5): 486.

Parmelia brunnthalert J, Steiner et Zahlbriickner apud
Zahlbriickner (1926) Bot, Jahrb. Syst. Pflanzengesch.
Pflanzengeogr., 60: 505~506. Holotypus: Kapland,
Matjesfontein, grosse Karroo, Sandsteinfelsen, 950 m Leg.
J.Brunothaler, 10,11.1909, W(1931) 8368!

Parmelia barbatica Blix (1976) Aust. J. Bat., 243 6§33-634, Fig. 1.
Holotypus: On sandstone rocks, Kowen forest, A.C.T.,

18 km E of Canberra, 730 m, J.A, Eiix 1389, (MBL 1015396;

isotypl in CANB).

Thallus foliose; very tightly adnate; up to 5 cm acress; moribund,
absent, or with a secondary thallus, in the centre of large (up to 11 cm)
individuals; may cover larger aress by confluence with other thalli.
Lobes elongate to very elongate; closely and evenly appressed; 0.5 to
3.5 mm, but commonly {-2.5 mm broad; 80-200 ym thick; contiguous or
discrete; transversely cracked, giving rise to a pseudoareolate interior.
Upper surface glossy becoming dull in the interior; pored epicorticate;
non~igidiate, esorediste and emsculate. Upper cortex 25-35 um. Algal
layer 20-50 ym. Medulla 30~100 ym. Lower cortex 10-15 um. Ventral
surface tan to ivory in colour; moderately rhizinate; with rhizines
mostly small.

Apothecia frequent; when present, moderately to very abundant;
adnate; up to 5 mm across; flat to convex, sometimes highly folded.
Hymenium 50~60 um. Subhymenium 5-20 pm. Exeiple 15-40 pm. Ascospores
8 per ascus, 6.5-11.0 by 4.5-7.0 ym (289/8). Pycnia 50-150 um in

wean diameter. Pycnoconidia 58 pm loag.
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Medulla white; K-; C~, or + pale orange or vose; KC-, or + faint
to pale orange-rose to orange; P-,
Chemistry:~ Usaic acid in the upper cortex, barbatic and 4-D-de-sthyl~
barbatic acids with several unknown B-orcinel depsides, and two
substances of unknown class, brun-| and brun-2 in the medulla.

A large number of specimens comtain either the unknowns brun=1,
brup-2, or B-ovcinol depsides and have been regarded as two separate
taxa. The discovery that all specimens of this morphological type
collected at Graanaatboskolk contain both brun-1, brun-2, and unidentified

B-orcinol depsid. hag made it te regard this assemblage as

one species. The distwibution of the two classes of lichen substances

within this assemblage is essentially the same, both being very

abundant north f the N 1dberg The type

strain (those containing brun~l, brum-2 and traces of brun-3, although
ne substances were found inm the medulla of the holotype) came from
drier sites and wore exposed aspects, and was less sbundant ind
slightly more widespread than the strain containing B-orcinol depsides
(Fig. 15). The species appears to be present in Australia as well
(Parmelia b “atica Blix), but no specimens have been seen from that
continent.

Specimens examined: (Specimens marked with * contain unknowns brun~t,

brua-2 and bruu~3. The contain § dnol i only,
except the specimens Erom near Graanaatboskell).

2818AA, 37 km SW of Crlinow, 772 2-2-1 * ; 2819DC, 38 km NE of

Pofadder, ondolerite, alt, 920~1060 m, 768 9-2-3% ; 28210C, 29 km SSE of
Reimoes, Piet Rooisberg, on pink granite, alt, 940-1040 m, 768 8-5-2,
768 8-5-3, 768 8~5~4} 2919BC, 32 km SSE of Pofadder, Steenkampsvlei
ridge, on quartz, alt. 10401050 m, 768 9~4-4; 28190D, B lu NE of

Graanaatboskolk, on delerite, alt. 906-3060 m, 772 3-3~1, 772 3-3-2,
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772 3~3~3, 772 3~3~4; 292008, 64 km W of Keahardt, on dolerite, alt.

880-500 m, 768 8-1-2; 2921AA, 24 km N of Keuhardt, N'Rougasberg, on

quartzo-felspathic Tock, alt. 850-880 m, 768 8-4-2, 768 B-4-4; 2923DC,
Strydenberg, on dolerite, alt. 1080-1110 m, 768 5-2-1, 768 5-2-3,

768 S~2-5pp, 768 5-2-8pp; 20230D, 19 km NE of Strydemburg, Elands herg,
on dolerite, alt, 1190-1280 m, 768 5-1~1% , 768 5~i~7 #, 768 5=1-8,

768 5-1-9, 768 5~1-10, 768 5-i-14, 768 5-1-15, 768 5-1-16 %, 768 5~1-17,
768 5-1-18 % ; 3018BB, 59 km N of Kliprand, on a stone derived from

Dwyka diamictite, alt. 920-1060 m, 768 9-5~1; 3020DC, 62 km NW of

Williston, on dolerite, alt. 920-1000 m, 768 7-6-2; 3022CC, 24 lm NNW
of Carnarvon, on dolerite, alt, 1130-1170 m, 772 16-2-1, 772 16~2-2;
3022CC, 8 km N of Carmarvon, on dolerite, alt, 1200-1250 m, 772 16~i~23
3023BA, 22 ku 8 of Strydenburg, on dolerite, alt, 1G0N-1200 m, 768 5~3-3;
3023BC, 16 km NNE of Britstown, on dolerite, alt, 1160-i130 m,

768 5-5-1, 768 S~5-4; 3023CB, 6 km W of Britstown, on dolerite, alt.

1150~1160 m, 768 6~i~1, 768 6-1~3, 768 6-1-5*, 768 6~1-6; 31204D,

64 lm E of Calvinia (53 km W of Williston), on dolerite, alt. 1000~11G0 m,
772 10-1~1, 772 1L ~2; 31208B, 24 km NW of Williston, on dolerite, alt.
1000-1200 m, 768 7-5-1, 768 7~5-2 #; 31208C, 34 km W of Willistonm,

Jan Swartsberge, on dolerite, alt, 1170~1200 m, 772 10-2-3 3 3121AC,

13 km BNE of Williston, Soutpanspoort, on dolerite, alt, 1160~1170 m,

768 7~4~2 #; 31218B, 40 km WSW of Carmarvon, Klipheuvels, on dolevite,

alt. 1310-1330 m, 768 7-2~3; 3121CB, 27 km ¥W of Fraserburg, Blydevoor-

uitzicht, on Beaufort alt, 1250-1265 m, 772 10-3~5, 772 10-3-7;

31228D, 27 km W of Victoria West, Gap Kop, on dolerite, alt, 1350~1400 m,

772 15-3~1, 772 15-3-2; 2123CC, Threc Sisters, on dolerite, alt,
1140-1240 m, 768 12-6-9% (N, facing slope); 3221BA, 16 km SSE of

Fraserburg, Zaal Klipheuvels, on dolerite, alt. 1400<1430 m, 772 10-4-3%
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Xenthoparmelia burmeisteri (Blix) comb. nov.
Plate 174 and B; Fig. 20, (p. 161).

Basionomen: Parmelia burmeisteri Elix (1976) Aust.
J. Bot., 24: 664-665.
Holotypus: On granite rocks, along Snowy Mountains Hwy.,
NSW, 10 km § of Nimmitabel, 1156 m, J.A. Elix 1613 (MEL

1015395, Isotypus: CANE).

Thallus as in X. fypoleta (Nyl.) Hale,

Medulla K-; KC+ bright orange; C~; P-,
Chemistry:- Usnic, barbatic and 4-O-demethylbarbatic acids.

This species is known only from a single specimen collected at
Seven Weeks Poort. It is one of (at least?) two species of the
X. hypoleig group which occur in SE Australia and the Cape. The othex,

X hyp ica, ins the cor ing depsid pop

cetraric and 4 1hy ic acids. X. b ioteri differs

from other members of this group primarily in chemistry.
Specimens examined: 3321AD, Seven Weeks Poort near Ladismith, on THS,

alt. 915-945 m, 772 {1-3-i8a.

Xanthoparmelia chalybaeizane (3. Stein. et Zshlbr,) Hale
Plate 20; 32A, B, and D; 36 A; Fig. 16. (p. 134),
Hale (1974) Phytologia, 28 (5): 486,

la achenokiana var ch {zans J. Steiner et Zahlbriickner

apud Zahlbrlickner (1926) Bot. Jahrb. Syst, Pflanzen~

gesch. Pflanzengeogr., §0: 510,

Holotypus: Kapland, Matjesfontein, groese Karroo, sand
stein, ¢ 900-950 m, leg. J. Brumnthaler, 10/11/1909. .

€1931) 8422l)




Parmelia chalybaeizans (J. Stein. et Zahlbr.) Gyelnik (1936)
Aon. Mus. Natn, Hungarici, 30: 127-128.

Parmelia schreuderiana Gyelnik (1938) Sydowia Aun. Mycol.,
36(4): 270,
Holotypus: South Africa, Lokenburg, on stone P.4. v.d.
Bijl 1197, & (1935)-1)

Parelia conspersula £. chalybaeizans (J. Stein, et Zahlbr.)

Gyelnik (1938), Ann. Mus. Nate. Hungarici, 31: 24.

Thallus foliose to subcrustose; tightly adnate on rock, to
rather loosely aduate on rock, soil or other thalli; up to 6 cm diameter.

Lobes el te to very el tes

to imbricate; § to 4 m
broad; 90-300 ym thick. Upper surface green to yellow-green becoming
olive green, grey-green (glaucous) and sometimes steelwgrey to brown-
grey in the interior; glossy, dull, minutely felty or coarse pruinose;
with the epicortex pored to rudimentary; non-isidiate, non-sorediate and
faintly- to emaculate. Upper cortex 15-30 ym. Algal layer 20-40 ym.
Medulla 40-200 um. Lower cortex 8-15 pm. Lower surface: consistently
pale tan to tan, but chestnut brown to black at the lobe tips;
moderately rhizinate,

Apothecis frequent; when present, sparse ko common; adnate to
substipitate; up to 8 mm across; shallowly cupped, to plane by radial
fissuring. Hymenium 40-60 ym, subhymenium 5-20 ym, exciple 3070 pm.
Ascospores § per aseus, 6,5-11.0 ym by 47 ym (120/5). Pyeniza 100 to
200 pm in mean diameter. Pyenoconidia 6-8 ym long,

Medulla off-white or pale pink to rather distinctly dirty yellow,

with age and 1 dirty svange on dead or damaged partiong
of thalli; K+ variable (Specimens with small smounts of the “chalybaeizans
unknown” tend to have faint pink medullae which are K+ yellow becoming

blood-red and even darker, Specimen: with small amounts of salazinic
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ecid and lerge amounts of the "chalybaeizans unknown" have pale dirty
yellow medullae which give a K+ immediate rich yellow to yellow-orange
reaction which becomes orange in !-2 minutes. Many specimens contain
appreciable amounts of both substances, and give a K+ rich yellow to
yellow-orange becoming blood-red resction in the medulla); C-; P+ orange
to red,
Chemistyy:~ Usnic acid, sometimes with atramoxin in the upper cortex;
varying relative concentrations of salazinic acid and the "chalybaeizans
unknown", and small amounts of norstictic acid sporadically present in
the medulla. In addition some speeimens contain the orange pigment
skyrin in the medolla adjacent to the lower cortex, which reacts K+
dirty mauve.

This is a very variable species in the north western area of the
Karoo. Two different states have been “sund tc grow over each other on
the same rock (772 9~2-19), and this bewildering array of morphelogical
forms is difficult to treat in a taxenomically satisfactory way. The
most commin variant is normally foliose, glossy to dull on the upper
surface, and usually moderately adnate on rock. This widespread variant
oceurs with a tightly adnate, folicse state which is coarse pruinose on
the upper surface (plate 32B), and with a subcrustose foxm (plate 364) in
the north western area.

The typlcal variant may be confused with X. taravtica (Kremp.)
Hale, a similar species with a pale undersurface and salazinic acid in
the medulla, but clearly differs from the latter, by containing the
"ehalybaeizans unknown" in addition to salazinic acid. X. tavaotica
ean thus be regarded as absent from the study area.
The suberustose form differs from X, leptoplaca, which it resembles, by :
the presence of the "chalybaeizans unknown" in the medulla., The uncommon i

but chardeterigtic steel-grey colour on the interior of X, chalybaeizans, ¢




is sometimes alsc present on suberustose forms, and has not heen
obsexved for X. Zaptaplaca.

Some faintly maculate specimens may be assigned to X. exornata, but
this species has thicker lobes, and a differeat range of habits.

A similar species is Pseudoparmelia condyloides (Rurok.) H.le, both
cuataining salazinic acid and the ‘'chalybaeizans unknown" in their
medullae, but differing in their cortical chemistry. Ps. condyloides
eontaing atranorin without usnic acid (although traces of usmnic acid

are difficult to degect with the ILC procedura used) and X. chalybaeizans

contains usnie acid with in ae an *4 .
The former is much less common than the latter species and is

probably not related,

Specimens examined: 2821CC, 29 km SSE of Keimoes, Piet Rovisberg, ou
pink granite, alt. 940-1040 m, 768 8-5~5; 20178D, 29 km N or Sprimgbok,
Yrieskloofhoogte/Ratelpoort, on white gneiss, B80-940 m elov., 772

2-4~14, 772 2-4-21, 772 2~4~24; 2919AC, 40 km SW of Pofadder, Achab se

berge (Part of the Namiesberge), on quartwo-felspathic rock, alt, 960~
1040 m, 772 3-2~11; 3017BD, 19 km § of Kamieskvoon, Garagams/Karkans, on
granite, alt. 760-790 m, 772 9-2~1A, 772 9-2-2, 772 9-2~4, 172 9~2-5pp,
772 9~2~6, 772 9-2-7, 772 9-2-12, 772 9~2~15, 772 9=2~19pp, 772 9~2-20;
3018CA, 20 kn SSE of Garies, on gneiss, alt. 360-380, 772 9-1-4, 772
9~1=6pp, 772 9=I-7, 772 9-1-8, 772 9~1~10, 772 9-1~19; 3019CD, 6 km § of
loeriesfontein, Kubiskouberg, om dolerite, alt, B80~900 m, 772 3~4-2pp,
772 344, 772 346, 772 3-4=9, 772 3~4~13, 772 2-3-23, 772 3-4~27,

772 3-4-29pp; 3119AC, 45 kn NE of Vanrhynsdorp, top of Vanrhyns Pass, on
TS, alt. 800 m, 768 10~2~11, 768 10~2-t4pp, 768 10-2-19pp, 768 10~2-20,
768 10-2-21pp, 772 9~3~4, 772 9-3-6; 3119AG, 42 km NE of Vanrhynsdorr,
half way up Vanrhyns Pase, on TS, alt 460~610 m, 768 10~i-4, 768 10~1-12,

768 10-1-13; 3119CA, South Africa, Lokenburg, Calvinia, on stone,
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P.A. v.d. Bijl 1197, W (1934)~; 3120BC, 34 lm W of Williston, Jan Swarts-

berg, on dolerite, alt, 1170-1200 m, 772 10-2~8; 3120CA, 48 km NV of
Middelpes, on dolerite, alt. 915~1220 m, 72 4~1=5pp, 772 418, 772 4=I-
10pp, 772 4-1-12pp; 3120CD, 12 km ESE of Middelpos, im Beaufort muds_one,
alt. 1250-1280 m, 772 4-2~7, 772 4=2-17pp (epithal  .¢}, 772 4-2-14,

772 4-2-19, 772 4~2-23pp, 772 4-2-24; 3123CC, Three Sisters, on dolerite,
alt. 1140~1240 m, 768 12-4-ipp; 3124, Lootsberg Pass, half way between
Graaff-Reinet and Middelburg, on Beaufort mudstone, elt, 1800 m, 772
15-2~17; 321888, 11 kn NE of Clanwilliam, Pakuis Yass, on TS, alt,
610-670 m, 772 8~3-1pp, 772 8-3-3, 772 8-3-21; 32188D, 26 km § of
Clanwilliam, Olifants river valley, om TMS, alt. 400600 m, 772 8-1~1pp,
772 8~1-8pp, 772 B-1~13, 772 8-1~16, 772 8-1-18pp; 3219AA, 20 km ENE of
Clanwilliam, top of Pakhuis Pass, on TMS, alt. B80-915 m, 772 8-2-5pp,
772 8-2-7, 772 8-2~11, 772 8~2-14, 772 8-2-20, 772 8-2-21, 772 §-2-24,
772 8-2-27; 3219CB, 51 kn SSE of Algeria, Grootrivierhougte, on quartzite
(of the Table Mountsin group), alt, 850-915 m, 768 11-2-1, 768 11-2-6pp;
22200, 60 km SW of Sutherland, on dolerite, alt. 820-850 m, 772 4-3-2,
772 4=3=h, 772 4-3-6; 3220DC, 34 km N of Matjiesfontein, Turck’s Pass,

on Ecca shale, alt. 1200-1235 w, 772 4~4~16; 3221BA, 37 km SSE of

Teekloof, on Beaufort mud alt. 1160-1220 m, 772

10-5-4, 772 10-5-14; 3222BA, i3 km N of Beaufort West, Moltemo Pass, om

dolerite, alt. 1400~[460 m, 768 12-3~3pp; 3318CO, Table Mountain, Venus
Transit Expedition of September 1874, A.E. Eaton (under Parmelia
hypoelyeta Nyl,) BM; 3319BC, 46 km ENE of Ceres, on Bolkeveld shale, alt.
£ 900 m, 768 11-3-Spp, 768 1i-3-7pp, 768 1i~3~11, 768 11-3-12, 768 113~
15; 3319CA, Brdumeeglung $.M, Fregatte "Donau" 1868-71, Auf Felsen der
hichsten Vrdmme, Gap. d.g H., Bains Kloof, Dr. Wawra, W(1931) 12972pp;
3320AC, South Africa, Jun de Boers, on stone P.A, v.d. Bijl 1083, (under
Parmelia suberustacea Gyel.) W (1935)~; 3320BA, Kapland, Matjesfontein,
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grosse Karroo, sandstain, c. 900-950 m sm, J. Bramothalex, 10/11/1909,

W (1931) 8422; 3321AC, 38 km SE of Laingsburs, on Bokkeveld shale, alt.

610~760 m, 772 11~2-2, 772 !1=-2-3, 772 l1=2~4, 772 1i=2~7, 772 11-2-8,
772 11-2-9, 772 11-2-10, 772 11-2-11, 772 11-2-12, 772 i{-2-13, 772

11-2-15, 772 '1-2~16; 3321AD, Seven Weeks Poort near Ladismith, on TMS,

alt. 915-945 m, 772 1i-3~Ipp, 772 1i-3-5, 772 13-3~15pp, 772 11-3-36;
33224C, 18 km § of Prince Albert, Top of Swartberg Pass, alt. 1700 m,

772 11~1=5 (TMS), 772 11=-1~9 (Cramite), 772 li=1-14 (on TMS), 772 11~1-19
(on TMS); 3322BB, 58 km WNW of Willowmore, on Ecca shale, alt. 760~915 m,
772 14~2=5, 772 14-2-6, 772 14=2~7, 772 14-2-8; 33228C, 18 lm N of De
Rust, Meiringspoort, on Bolkeveld shale, alt. 640~730 m, 772 l4~i-4,

772 14-1-9,

Xanthoparmelia_colovata (Gyel.} Rale
Plate: 31G, 32C, and Dpp, Fig. 28. (p. 195).

Hale (1374) Phytolegia, 28 (5): 486.

Parmelic eolorate Gyelnik (1938) Sydowia dan. Myeol., 36 (4):
272,

Holotypus: Bitterfontein, Mamaqualand, P.... v.

no 1192, W!

Theilus foliose; tightly adnate; on rock; o ke 12 c3 aoross.

Lobes elongate to very elongate; uni ¥ to the
contiguousy 1} to 8 mm, but promimently 3~6 mm broad; up to & am leng
to the first complete transverse Fissvre; 150-400 pm thick, Obverse
surface yellow-graau; minutely felty to cvarse pruinose; with a
wudimentary epicortex; neither isidiate nor sorediate. Dorsal covtex
15-30 ym. Algal layer 20~80 wm. Meduila 80-250 wm. Ventral cortex
10-20 ym. Reverse surface pale brown to commenly black; sparsely to

moderately rhizinate, with rhizines small to coarse.
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Apothecia very frequent; when present sparse to abundant;
substipitate; up to §.5 cm across; often suburceolate but sometimes
shallowly cupped. Hymenial surface black (livid brown when immature)

fine white i as well, i 50-70 um. i

1020 ym. Exeiple 30~70 ym. Ascospores, 8 per ascus; 7412 um by
447 ym (45/2).
Pycnia 100-200 ym in mean diameter. Pycnoconidia 6-8} um long.

Medulla faint pink but sometimes dirty orange towards the lower
cortex; K+ yellow becoming blood-red; G- (but faint pink colour
changing to faint yellow); P+ yellc .~oramge to orange. Pigmented
(lower) portions of the medulla, K+ violet.

Chemistry:~ Usnie acid in tha upper cortex. Salazinic and norstictic
acids, and sometimes two unidentified pigments, sch-i and sch-2, in the
medulla.

X. colorata is closely related to X. schenckiana, but differs
from the latter in containing salazinic acid rather than protocetraric
acid, and in being restriected to western and southern areas of the Karvo,
rather than being widespread (fig. 28).

Specimens examiped (Specimens marked with an asterisk (#) are pale below):
2917BD, 29 km N of Springbok, Vrieskloofhoogte/Ratelpoort, on white
granite, alt, 880-940 m, 772 2~4~5, 772 2-4~6, 772 2-4~9; 29194C, 40 km
SW of Pofadder, Achab se berge (Part of Namiesberge) on quartzo~felspathic
rack, alt. 960~1040 m, 772 3-2-2, 772 3-2~7; 3017BD, 19 km § of Kamies-
kroon, Kerkams/Garagams, on granitic rock, alt. 760790 m, 772 9~2-1,

772 9-2-10; 3018CA, 20 kn SSE of Garies, on streaky augen gneiss, alt.
360-380 m, 772 9~1~13 3019CD, 6 km § of Louriesfontein, Kubiskouberge,

on dolerite, alt. 880-90C m, 772 3~4-3pp; 31194C, 42 km NE of Vanrhyns-

dorp, halvay up Vanrhyns Pass, on TMS, alt, 4104610 m, 768 10~1-10pp,

788 10-1-11; 45 km NE of Venrhynsdrop, top of Vanrhyns Pass, on TMS,
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alt. 800 m, 772 9~3-1, 772 9-3-2; 3120CD, {2 km ESE of Middelpos on
siltstone (Beaufort?), alt. 1250~1280 m, 772 4-2-14pp*, 772 4-2-15%,
772 4-2~17%; 3218BD, 26 km 5§ of Clanwilliam, Olifants river valley, on

™S, ale. 400-600 m, 772 8-1~19; 3219CB, 51 lm SSE of Algeria, Groot-

rivierhoogte, on orthoquartzite (of the TM group?), alt. 850-915 m, 768
11-2~6; 3221BA, 16 km SSE of Fraserburg, Zaai Klipheuvels, on dolerite,

alt, 1400-1430 m, 772 10-4-4%; 3321AC, 38 km SE of Laingsburg, on

Bokkeveld shale, alt. 610-760 m, 772 11-2-1, 77. 3i=-2=5, 772 11-2-6,

772 11-2-34,

Xazthoparmelia_columnatg Hale ad iat.
Plate 36C; Fig. 21, (p. 166).

Parmelia columnate Hale apud
Culberson and Hale (1073) Bryologist, 76: 80.

(Almborn number~locality list in Almborn (1966}).

Thallus foliose; moderately to tightly adnate; up to 6 cm across.
Lohes convex; very elongate to sublinear; uniformly appressed; discrete
to contiguous; 0.8-1.5 mm broad; 300-650 um thick. Uppexr surface
yellow-green; dullj with the evicortex pored tc highly pored; stromgiy
but sometimes indistinctly white maculate; non-isidiata and esorediate.
Upper cortex 20-(00 ym. Algal layer 40-80 ym. HMedulila 50~500 pm. Lower
cortex 30-60 ym, the lower portion dark brown in colour. U: ¢ surface
black; mainly coarse rhizinate.

Apothecia fairly frequent; when present sparse to moderately
abundant; substipitate; up to 5 mm across; shallowly cupped. Hymenium
40~50 um. Subhymenium 5~10 pm. Exciple 30-60 pm. Ascospores, 8 per
ascus, 8-13 pm by 4~6 ym (31/1). Pycnia 100-200 pm in average diameter,

Pycnoconidia 5-8 ym long.
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Medulla white or faint pink; K~ at first, them + faint wine
to wauve ¢o ourj KC- or a slight enhancement of the K reaction; C+ pale
yellow fading, sometimes quite rayidly; 2~,

Chemistry:— Usnic acid in the upper cortex, and hypoprotocetraric acid

in the wedulla, i with 4 hylhypop: ie acid.
1his species occurs ~u the north-western mergin, and is absent

from the -

- western and southern margins where the allied X. hypo—
protocebrarice is found {(fig. 21). It resembles evenly appressed, convex
lou+d examples of X. ewornata, but the black underside and the chemistry
are more reminiscent of X. hypoprotocetrarica.

Specimens examined: 29178, 29 km N of Spriughok, Vrieskloofhoogte/
Ratelpoort, on white gneiss, alt., 88G-94Q m, 772 2~4-10, 772 2-4-12,

772 2-4-22; 3017BD, 19 km § of Ksmieskroon, Kavkams/Caxsgams,on gneiss,
alt, 760~790 m, 772 9-2-9; 321944, 20 km ENE of Clamwilliam, top of
Pakhuis Pass, on TMS, alt. 900 w, 772 8-2-23, 772 ~2-29, 772 8-2-29;
3219A4, 34 km NE of Clagwilliawm, Klipfoateinvant, on TMS, alt. 300-450 m,
My 19377,

Xanthoparmelia consperse (hch.) Hale
Plate 23C; Fig. 27. (p. 191).
Hal. (974) Phytologia, 28 (S): 485,

Liohen conspersus Acharius (1798) Prod, Li-*. Suec., p. 118.
For typification and synonomy see Hale (1964)

Bryologist, 67: 466-468

Thellus foliose; tightly mdnate; om rock. Lobes elomgate;
evenly appressed; contiguous; 80~200 ypm thick; 0.3~1.0 pm wide. Upper
surface green; dull to glossy; with small isidia, 0.03 to 0.1 mm thick
by wp to 0.2 mm high, simple or sometimes branched, ¢ surface black;

sparsely small rhizinate. ]
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Apothecia not seen, Pycnianot seen,

Medulla white; K+ yellow drying yellow-orange; C-; P+ yellow-
orange. ’

Chemistry:- Usaic acid in the upper cortex; stictic, morstictic, con-
stictic acids and St~! in the medulla.

The above deseription vefers to a gingle specimen only, end this
species is known to be far more variable (Hale, 1964), It is probably
more common in the eastern half of the country. The species is apparently
widespread, and is common ip Europe and eastern North America (Hale, 1964),
but is rare in the Songran Dagert in the western USA (Mash, 1974a).
Specimen examined: 33224C, 18 km S of Prince Albert, top of Swartberg

Pass, on coarse granite, alt. (700 m, 772 1l-1-9pp.

Kanthopaxmelia congtrictans (Nyl.) Hale
Plate 224 and 3; 34D; Fig. 17. (p. 144).

Hale (1974) Phytologis, 28 (5): 486-437.

Parmelia constrictans Nylander apud Crombié (1876) Journ. Bot.
Brit, & For., J4: 19.
Holotypus: Cape of Good Hope, Table Mountain, A.E. Baton,
"VYenus Transit Expedition”, Sept. 1874 (H-NYL! Isotypi,
BMY) .
12 brictc var i Nylander apud Crombie (1876)

Journ. Bot. Brit. & For., 14: 19.
Holotypus: Cape of Good Hope, Table Mountain, A.E. Eaton,
"Venus Transit Expedition", Sept. 1874 (H-NYL! Isotypi
M.

Parmelia eonspersula Nylander apud Crombie (1876} Joura. Bot.

Brit, & For., 143 19.




Holotypus: Cape of Good Hope, Table Mountainm, A.E, Eatom,

"Yenus Tramsit Expeditiou", Sept. 1874, (H-NYL! Other

half of holotype end i.otypes in BMI).
15trl (Nyl.) Miller ~ Argoviensis

persa vay

(1883) Flora, 66: 48.
Farmeli var eradi (8y1.) Miller - Argoviensis

(1883) Flora, 66: 48.
Imbricaria constrietans (Nyl.) Jatta (19U2) Nouvo @. Bot. Ital.
(Nuova ser.), 9: 470.

Dby A x var 4. (§yl.) Jatta (1902) Nueovo

@, Bat. Iral, (Nuova ser.), 9: 470,

Paemelia eradicata (Nyl.) Gyeluik (1938) -ar. Mus. Nacn.
Bungarici (Pats Bot.), 3L: 25.

Xanthoparmelia conspersula (¥yl.) Rale (1974) Phytologia, 28 (5):
486.

Xanthoparmelia evadicata (¥yl.) Wale (1974) Phytologie, 28 (5):
487,

foliose to

Thailus extcremely variakble;
crustose to loosely alnate; on rock, on soil adjacent to rock, over and
iantermingled with mosser and other lichens; up to 12 em in diameter. ;
lobes elongate to linenr; evenly appressed to subascending to not all ;
appressed ; discrete to highly imbricate; 0.1-2.0 nm broad; 70~220 pm thick.

Upper surface green, becoming olive greem, to somatimes brown in the :
interior; glassy, but sometimes dull; with a pored epicortex; isidia,

soredia and maculae absent. Upper cortex 10-20 ym, Algal layer 20-50 ym.
Medulla 40~130 um. Lower cortex 515 ym. Under surface black, becoming

chestnut coown to tan at some lobe tips; with rhiizines absent to

moderately abundant and small to coarse inm size.
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Holotypus: Gape of Good Hope, Table Mouatain, 4.E. Eaton,
“Yerus Transit Expedition", Sept. 1874, (H-NYL! Other

half of holatype and isotypes in BM!).

14 var congtrictans (Nyl.) Miller ~ Argoviensis

(1883} Flora, §6: 48,

Parme L D var dieata (Nyl.) Miller - Argoviansis

(1883) Flora, 66: 48.

Inbricaria conatrictans (Nyl.) Jatta (1902) Nowve G, Bot. Ital.
{Nuova ser.), 2 470,

Imbricari brict war i {Nyl.) Jatta (1902) Nuove

G. Bot. Iral, (Muova ser.), 9: 470.

Fermelia eradieata (Nyl.) Gyeluik (1938) Anm, Mua. Nata.
Hungaxici (Pars Bot.), 313 25.

XYanthoparmelia comapersula (Nyl.) Hale (1974) Phytologia, 28 (5):
48§,

Linthoparmelia evadicata (¥yl.) Hale (i374) Phytologia, 28 (5):

487,

Thallus extremely varisble; crustose, follose to subfruticose;
crustoge to lopsely adnate; on roeck, on soil adjacent to rock, over and
intermingled with mosses and other lichens; up to I2 cm in diameter.

Lobes elongate to linear; evenly :ppressed to subascending to not all
appressed; discrete to highly imbricate; 0.1-2,Q0 mm broad; 70~220 pm thick.
Upper surface green, becoming olive green, to sometimes brewm in the
interior; glossy, but sometimes dull; with 2 pored epicortex; isidia,
soredia and maculae absent. Upper cortex 10~20 pm. Algal layer 20-~50 qm.
Medulla 40~130 um. Lower cortex 5-15 ym. Undex surface black, becoming
chestnut brown to tan at some lobe tipe; with rhizines sbsent to

moderately abundant and small to coarse in size.
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Apothecia rare on “eradicatoid” morphs, otherwise common; when
present sparse to moderately abundant; admate to substipitata; up to

8 ma across; convex to shallowly cupped. fum 50~70 pum.

20-40 pm. Exciple 30-100 wm. Ascospores 7}=11 ym by 4} to 6} ym.
Pycnia 100-200 um in mean diameter. Pycaoconidia 5-8 ym long.

Medulla white to pale rose; K+ either yellow, or yellow becoming
blood-red; €-; P+ yellow-prange to orange.
Chemistzy:~ Usnic acid in the upper cortex. Salazinic acid sometimes

with tictic acid, or stictic, comstictic \ylsalazinie) acids

with unorstictic, hypostictic acids and St~1, in the medulla.

The present treatment of this species is only a tentative ome,
as it is based on relatively few specimens, mainly on those collected
from the top of Swartberg Pass where a ilarge amount of variation was
found.

Three names have been associated with this very variable species:

x. trictans, X. 2 and %, pes , referring to the broad

and narrow lobed loosely adnate forms, and the ecrustose state

ly. The holotype of X. peroula is but some
marginal lobes are marrow and lineax,surely the beginnings of the
"eradicatoid" conditiom of this species. Another specimen, 772 1l-1-4pp,
shows broader lobes developing £rom a subcrustose thallus margin (plate
34D) the beginnings of the type habit. Other specimens of this species
are clearly folicse but the lobes are tightly nduate and uniformly
appressed (772 11-1-2, 772 11=1=6, 772 1i~1=Bpp, 772 11~1=17), vhile
others stavt a subascending mode of growth quite early (772 I1-1-8pp).
It(:assumad that as the lobes proliferate from the latter condition, the
thallus becomes loosely adnate. Although the loosely adnate specimens

are often either of the type habit or "eradicatoid", the two states are

not mutually exclusive as: (a) the lobe type of the opposite habit can

i
1
H
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be found in many thallii; {b) the habit may change around a corner (i.e.
with change in microaspect) e.g, 772 1I~1-20; (c) some thalli are
diffieuit to place in any of the named habit types because the lobes are
predomivantly of intermediate width (e.g. 772 6~1-2).

The type and "eradicatoid” habits have been found on the same
microaspect of a rock, a characteristic that has been used to support the
separation of taxa at the varietal level (Moberg, 1977). This is re~
enforced by the fact that in the few examples saen (772 11~-1-1, 772
11-1~18), the opposite habit states had differing
chemistries. The above evidence could be used to support the
recognition of !, 2, 3 or § separate taxa, but this Ls regarded to be
beyond the scope of the present collections.

X. tasmanica may be similar to broader lobed specimens of
X. eonstrictans, but the former species is often broader lobed, and
the narrower lobes lack the conspicuous coastrictionms of the latter
species. The lobes of the former species are discrete, contiguous or
imbricate in & few layers that are closely appressed to one another,
whereas those of the latter species are often imbricate in many layers
and mot at all appreried to one another, (Thallns open and loose in
structure).

X. tasmanica is also distinct from X. constrictans in that it
contains salazinic acid only. The broad lobed X. wpopsila (Mill. Arg.)
Hale coutaining stiectic acid and associates in the modulla, is rare, and
is different to X, tasmanicg in the follose nuances displayed. Another

species of doubtful affinity to X. ietano is X. subsradicata (des

Abbayea) Hale. Although the type material has not been seen, & diagram
in the original publication of this species (des Abbayes, 1961), shows
the general lack of cofgrictions, The name is Lhought to be more

cofrectly applied to spacimens such as those found at Oribi gorge in Natal,
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(7812 27-1. 7812 27-2), with thicker lobes snd subascending habit,
somewhat reminiscent of X, hypoprotocetrarica p.p. in morphology, but
without the maculation om the upper surface. X. suberadiouta containg

the stictic acid emsemble in the medulla.

Specimens examined: (The following abbreviations ave used to denote the
form and chemical strain of the specimens: (i) - salazinic acid present
in the medulla; (ii) - the stictie acid ensemble present in the medulla;

¢ -predeminantly broad lobed (0.5~2,0 mm broad), conspicuously comstricted,
loosely to tightly adnate; s - predominuntly naxrow lobed (0.1-0.3 mm wide),
loosely adnate or composed of subascending lobes; sc - thallus subcrustose
developing the c-type lobes, se - crustose developing e~type lobes.):

31194C, 45 lm NE of Vaorhynsdorp, top of Vanrhyns Pass, on TMS, alt. 800 m,

768 10-2-6 (ii) cfsc; 3318CD, Table Mountain, A.E. Eaton, "Vemus Tramsit
Expedition" of September 1874, (i) ¢, (ide, (i)se in BM & H-NYL; 33214D,
Seven Weeks Poort near Ladismith, on TMS, alt. 915-945 m, 772 11-3-18pp.
(i)e, 772 11-3-27 (i)e, 772 11-3~44 (ii)e; 33224C, 18 km S of Prince
Albert, top of Swartherg Pass, on TMS, alt, 1700 m, 772 11=I-1 (i)e &
(1i) e, 772 1t=1-2 (ii) e, 772 11=1=3 (ide & (ii) e, 772 11-1-4 (ii)c &
(i) se, 772 11-1-6 (iie, 772 1i-1-12 (id)e, 772 11~I~16 (i) o & (iide,
772 11-1-17 {ii)e & (ii)e & (i) , 772 11-1-18 (if)c, 772 11-1=20 (ii)c
& (id)e, 772 1i=1-21 (i)e, 772 11-1-22 (iide, 772 11-1-23 (i)e, 772
11=1-24 (ide, 772 11~1-25 (i)e, 772 11-1-26 (ii)c.

Xanthoparmelia dichromattica (Hale) Hale
Plate 27A, and B, Fig. 18, (p, 147).
Hale (1974) Phytologia, 28 (5): 487.
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Parmelia dichromatica Hale (1971) Bot., Nck., 124: 348,
Fig. | D,
Holotypus: Africa australis, prov. 0.F.S., distr.
Thabanchu, On Mt Thabanchu, 5300-70001 Leg. 0.A. Hdeg,

12/8/1929. YRR!

Thallus foliose; moderately to tightly admate; om rock; 3-8 em
across., Lobes elongate; evenly apprassed; contigucus; 1-5 mm, but
usually 2~4 mm broad; 100-300 ym thick; often fragile. Upper surface
green; glossy te dull; with a pored epicortex; not maculate; non-isidiate
and escrediate; often highly wrinkled and bullate in the interior.

Upper coxtex 20~30 um. Algal layer 20 5 ym. Medulla 60~200 m.
Lower cortex 5-15 ym. Lower surface pale .rown; moderately rhizinate.

Apothecia frequent; witen present sparse to sbundant; substipitate;
up to Il mm scross; shallowly cupped, Hymenmlum 40-60 ym. Subhymenium
2 10 ym. Exciple 15-50 um. Ascospores, 8 par ascus, 610 ym by
44~6} um (66/2). Pycaia 100-200 ym in mesn diameter. Pycnoconidia
5~8 ym long.

Medulla white with deep marcon to putple spots; K-; KC+ pale
wine rose; C-; P+ orange to orange-red. Pignent spots, K+ deep purple.
Chemistry:- Usnic ngid, protocetraric acid und one to all of tha
unknown pigments found in X. endomiltodes (Eado-i to Endo-4), but
commonly with Fado-2 and Endo-4 in sajor amounts.

X. dichromatica is always normally foliose and is conservative in
its morphological variation. It is common in the eastern part of the
central Karoo, but is rarer to the south of this area. It appears to be 1

common in the Drakensbers and surrounding areas (Fig. 18). .
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Thi: species is not easily mistaken for any rther, and rejembles
X. subdecipiens wmorphologically. The two species differ markedly in

their chemistries, X. subdecipiens containing aliphatic acids and

X, di £ ining p ic acid and the X. endomiltodes
pigments. Possibly more closely related are X, endomiltodes and X.
ianthinag with the same pigments, but these are usually distributed
thoughout the medulla in these two syecies, and the depside/depsidone
chemistries differ also., Au wndescribed Neofuseelia is also similar to
X. dichro-atica in containing protocetraric acid and the pigments

Endo~1 to Endo~4, but again these pigments are distributed throughout
the medulla while the uppe. cortex lacks usnic acid and is brown
coloured. All these species contalining endo-1 to sudo-4 are consistently
pale brown below.

Specimen list (bracketed sr cimens not seen, but taken from Hale, 197!}:
(2828DC, Oxbow valley, distr. Leribe (Lesotho) L. Kofler 3-11-7922a, LD);
2923DC, Strydenburg, on dolerite, alt, 1080-1110 m, 768 5~2~5, 768 5-2-8;

(2925CB, Lacsesmith, O.F.S., Heariei, 1939, PRE); 20268B/BD, Mt, Thsba

Mehu, distr, Thaba 'Nchu on Clarers (Cave) sandstome, alt, 1680-2130 m,
0.4. Hieg 12/8/1929, TRH; (2927CB, Masite Mt., distr, Maseru (Lesotho),
Uewitt, 1929~30, TRH); (2928AC, Blue Mourntain Pass, Maluti Range, distr,
Marskabei, L. Kofler, 2/6/63, alt. 2900 w,1D, US); 2926C0, Maletsunyane
P.lls, Semongkong, distr. Marakabei, on hasalt, 7611 30-dpp; (29294C,
Mokhotlong, distr. Mokhctleng, L. Kofler, 7/2/1963, LD); 3021DD, 15 km W
of Carnarvon, on Ecca siltstone, alt. 1220-1370 m, 768 7~l~lpp.; 3023¢4,
32 km W of Britstown, on dolerite, alt, 1140-1160 w, 768 6-2-1, 768 6~2-2;
(3028BB, 10 km from Ramat-seliso, distr. Qachas Nek, L. Kofler, 13/11/63,

1D); 31208G, 34 km W of Williston, Jan Swartsberg, on dolerire, alu.

1170-1200 m, 772 10~2~t1; 312188, 40 km WSW of Carnarvon, Klipheuvels,

on dolerite, alt. 1310~1330 m, 768 7~2-4; 3121CB, 27 km N7 of Fraserburg,
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BL itzicht, on Beaufort mud alt. 1250-1265 m, 772 10-3-1,
772 10~3-43 3122aD, 3 km NNW of Loxton on Bemufort siltstone, alt.
1370-1525 w, 772 15~4~1, 772 15~4=12, 772 15-4=14, 772 15-4-20, 772
15-4~22; 3122BD, 27 km ¥ of Victoria West, Gap Kop,vn dolerite, alt.
1370 m, 77% 15-3-3, 772 15-3-7, 772 15-3-9, 772 15-3-11, 772 15-3-13,
772 15-3-14, 772 15-3-15, 772 15-3~17, 772 15-3-18, 772 15-3-19, 772
15-3-21; (31254C, Bosemead, distr. Midéleburg, O.A. Hieg, 3/12/1929,

TRH); 3221BA, 7 km BSE of Fraserburg, well down Teekloof, on Beaufort

mudstone, alt, !160-1220 m, 772 10-5~10, 772 10~5-11; 33214D, Seven
Weeks Poort near Ladismith, on TS, alt. 915-945 m, 772 11-3-2;
332388, 14 km N of Willowmore, Perdepoort, on Witteberg rock, alt. 850
880 m, 772 14-3-7,

Xanthoparmelia dysprosa sp. nov.
Plate 17C, & D} Fig. 20. (p. 161},

Thallus ut in X. Aypoleia (Nyl.) Hale, sad vice acidi proto-
cetrarici, scidum evernicum continente differt.
Holotypus: South Africa, Cape Province, 3218BD, 25 km §
of Clanwilliam, Olifants river valley, on TMS, alt. 400-
600 m, 772 8~i-6.

Thallus as in X. Aypoleia (Nyl.) Hale, but differs in containing
svernic acid instead of proteocetraric acid.

Medulla: whitej K-; C-; KC+ pale orange; P-.
Chemi.cry:~ Usnic and evernic acids.

This species is known only from the holotype specimen. It is
difficult to discriminate between ¥. burmetsteri, X. dyasprosa, and X.
hypoprotocetrarica on the grounds of morphalogy and spot tests alome,

and L7 must be used to positively identify these speciss, i
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Xantiwparmelia endomiltodes (Nyl.) Hale
Fig. 18. (p. 147).

nale (1974) Fhytologis, 28 (5): 487,

Parmelia endomiltcd..: Nylander npud Crombie (1876) J. Limn. Soc.
Lond. Bok., 151 168.
Holotypus: Cape of Good Hope, Table Mountain, "Venus
Transit Expedition", Sept. 1874.

A.E. Eaton H-NYL 347931 (Isotypi : BM!I).

Parmeli pevsa var endaniltodes (Nyl.) Miller - Argoviensis

(1891) Flova, 71: 378~379.

Thallus foliose; mederately to tightly adnate; on rock; up to
§ cm across. Lobes elongate; evenly approssed; contiowousy 0.5-2.0 mm
broad; 80-200 ym thick; fragile. Upper surface greem ro olive green;
glossy to dull in the interior; pored epicorticate; esorediate and no~=
isidiate; non-maculate or semetimes faintly so. Upper cortex 12-20 ym.
Algal layer 20-50 ym. Medulla 20~140 ym. Lewer cortex 5-15 ym, hyaline.
Under surface pale fuscous to creme; sparsely to wmoderately rhizinate,
rhizines small to mod vate sized,

Apothecia infrequent; when present sparse; substipitate; up to
2.5 mm across; shallowiy cupped, Hymenium 40-60 wm. Subhymenium b4
20 ym. Exciple 20-30 ym. Asci subeylindrical, Ascospores 8 per ascus,
irvegularly uni~ to biseriate, 7-11 um by 4-6} pm.
Pycnia 100~150 ym in mean diameter. Pycnoconidia $-7 um long.

Medulls merosn to mauve, but often becoming white towarde the luwer

cortex; K+ deep purplej reactions of salazinic acid obseured by the pigments.




151

Chemistry:~ Usnic acid, salazinic acid and 4 anthroquinoid pigments,
endo~1 to endo-4, with the possibility of a Fifth one occurring as well.
This species has been collected form Seven Weeks Poort only, all
other similar specimens being the new species X, ianthina. To date the
specimens indicate that X, endomiltodes has a southerly distribution, and
X. fanthina, containing unknown f-oreinol meta-depsides, a westerly
digeribution., X. dichromatica differs from the above two species in
containing protocetraric acid, with the pigments restricted to small
£inite volumes of medulla, often mear pycmia. Au undescribed Neofusnelia
species also contains these pigments in the medulla, but in this case
protocetraric acid i{s again present without usnie aeid in the upper
cortex. Pseudoparmelia v'iolaz:'ea (Rurak.) Hale also cout.ins these
pigments but the upper cortex lacks both usnic acid and the brown
colouration of the Neofusceliae, Atranorin is algo reported absent
(Bale and Kurokawa, i964; Hale, 1976a).
Specimens examined: 3218CD, Table mountais,on THS, A.E. Eaton, Sept.
1874, H-NYL 34793, BM; 3321AD, Seven Weeks Poort near Ladismith, on

M8, alt, 915-045 m, 772 11-3~3~pp, 772 11~3-16.

Xanthoparmelia exornata (Zshibr.) nov. comb,

Plate J5D; 185 36D, Fig. 19. (p. 154).

yar Zah), (1932) Ann. Crypt,

Parmelia
Exot., 5: 251-252.

Holotypus: Namaqualand, Steinkopf. Leg. Pastor G. Meyer,
P4 vod. Bijl no, 950 (W (1934) 3151).

Thallue follose; loosely to tightly admate; on rock; vp to 10 em across,

Lobes plane to comvex; elongate to sublinear; commonly evenly appressed,
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but i not at all ; diserete to bighly imbricate; mostly

{=4 mm broad; 150-8060 m thick; tough and leathery to brittle. Upper
surface greem, becom! . darker or brown in the interior; heavily pale
waculate (plate [8D), maculae irregular to rosetted, discrete to largely
confluent; epicortex pored, often in finite areas (plate 4); not

isidiate or sorediate. Upper cortex uneven to extremely uneven, 10-250 ym
thick, the upper 10-30 um obscured by usnic acid. Algal layer uneven

to very umeven, umbroken to broken, basically 20~100 ym thick, but riasing
to, and falling away from the upper surface at intervals, to give
apparent vertical thicknesses of np to 400 ym. Medulla 100-600 ym.
Ventral cortex 20-40 im, pale brown to very dark brown in section.

Lower surface frequently tan, but rarely black; usually moderately
rhizinate, rhizines moderate to coarse in size.

Apothecia: common; when present sparse to moderately sbundant;
substipitate; up to 7 mm across; shallowly cupped, Hymernium 40-60 pm.
Subhymenium 515 ym. Exciple 30120 jym, but commonly 30-60 ym. Asco-
spores 8 per ascus, /=il um by 5-6) ym (97/4).

Pycnia 100-200 ym in mean diameter. Pyenoconidia 5-8 ym long.
Chemiatry:- This species can be consideved to be composed of an inter-
grading series of 4 chemicel variants, all with usnic acid, rarely
together with atramorin, in the upper cortex. (i) Medulla white, with
no lichen substancas present; K-3 P~, (ii) Medulla faint pink, with
salazinic acid, and with little ot none of the "chalybaeizans unknown”
present; K+ yeliow becoming blood-red; P+ orange. (iii) Medulla pale
yellow to pale dirty yellow, with the "chalybaeizans unknowm" and little

or no salazinic acid K+ yell s on drying; P+

orange. (iv) Medulla pale yellow to dirty yellow, with approximately
equal amounts of salazinic acid and the "chalybaeizans unknowe"; K+ vich

yellow to yellow-orange, becoming blood-red; P+ orange. The relationship of
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(i) to the rest, is one of total concantration of lichen substances,
whereas that of (ii) to (iii) is one of relative concemntration with (iv)

as a central point between (ii) and (ii:

This species is widespread in the Karoo, but is commoner on the
moister marginal areas, It shows a large amount of foliose variation,
cunmonly being represented by thalli that are evenly appressed and convex-—
sublinear lobed throughout (plate 184), but beceming normally (plame)
foliose or highly imbricate in moister localities (plate 18B, and C).

X. leucostigma appears to be similar to X. ewormata, but its
habit range is not known and it differs in containing gyrophoric acid.
ALl other maculate species have black undersurfaces. Some (type (iii)
and (iv)) chemical variants of this species may resemble X. chalybaetzans,
because the maculae are largely confluent. However careful examination
of the tips and edges of the lobes may reveal macnulse, X. exornata has

thicker lobes and a different habit range.

Specimens examined: 2917BC, Namagualand, Steinkopf, Leg. Pastor G. Meyer
(P.A. v.d. Bijl no. 950) W (1934) 315; 29178D, 29 km N of Springbok,
Vrieskloofhaogee/Ratelpoort, on white graiss, alt. 880940 m, 772 2-4~20,

772 2-4~21; 2919BC, 32 km SSE of Pofadder, on quartz, alt. 1040-1050 m,

768 9-4-3, 768 9-4-6; 2928CC, (Lesotho) Maletsunyane Falls near Semomg™
kong, on basalt, 7611 30-4, 3718CA, 20 km SSE of Garies, on gneiss, alt,
260~380 m, 772 9-1-4, 7723 9-i-21, 772 9-1-28, 772 9-1-29, 772 9-1-31,

771 9-1-38; 3019¢D, 6 kn $ of Louricsfontein, Kubiskouberg, on dolerite,
alt, 880-900 m, 772 3-~4-10, 772 3-4-25, 772 3-4-27, 772 3-4~28; 302384,
22 km § of Strydemburg, on dolerite, alt. 1200 m, 768 5-3-2; 31194C,

45 km NE of Vanrhynsdorp, top of Vanrhyns Pass, on TMS, alt. 800 m, 768
10-2-18, 772 9-3-5, 772 9-3~9; 3120CA, 48 lm NW of Middelpos, on dolerite,
alt. ¥ 1200-1300 m, 772 4-1-5B; 31200D, 12 km BSE of Middalpos, on

Beaufort siltstone, alt. 1400 m, 772 4~2-17pp; 3123CC, Three Sisters, on
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dolerite, alt.1110-1200 m, 768 12-4-4; 3124DD, Lootsberg Pass, between
Graatf-Reinet and Middleburg, on Beaufort mudstone, alt. 1800 m, 772
15~2+13, 772 15-2-15, 772 15-2~16; 321888, 11 km NE of Clanwilliam,
Pakhuis Pase, Pakhuisberge, on TS, alt. 700 m, 772 8-3-4, 772 8-3-7,
772 8=3~11; 32198, 50 km SSE of Algeris, Grootrivierhoogre, on TS,
alk. 1000 m, 768 11-2-1, 768 11-2~2, 768 11-2-11; 3221BA, 1€ fm SSE of
Fraserburg, Zasi Klipheuvels, on dolerite, alt, 1400 m, 772 10-4-2,

772 10~4~7, 772 10-4-9, 772 10-4-10; 3222BA, 13 km N of Beaufort West,

Molteno Pass, on dolerite, alt. 1400~1450 m, 76} 12-3~1 (Usnic acid only)s
33214D, Seven Weeks Poort near Ladismith, on TS (or soil om zock?}, alt.
950 w, 772 11-3-10, 772 11-3-19, 772 11-3-21, 772 11-3-24, 772 11-3-26,
(772 11-3~44, 772 11-3-45); 3322BC, 18 km N of De Rust, Meiringspoort,

on Bokkeveld shale, alt. 640~73Q0 m, ?72 14=i~4, 772 14-1-8, 772 14-i-28;
33234B, 14 lm W of Willowmore, Perdepoort, on Witteberg vrock, alt. 850~

880m, 772 14-3-11 (Usnic acid only).

Xanthoparmelia glooulifera (Rurok. et Filson) comb. nov,

Plate 23D; Fig. 30. (p. 207).

Basi snomen: Pamelta globulifera Kurckawa st Filsen (1975) Bull.
Nat. Sei, Mus. Ser B. (Bot.) 1 (I): 38-39,
Holotypus: Orowing on granite in exposed situation.
Wynbring Re %8, ).2 ka north of Wynbring ou Transcontinental
Railway Line, South Austraiia, R, Filson 11940 p, maj. p.

MEL (not seen),

Thallus folicse; moderately adnate; on rock and other foliose

lichens. Lebes elongate; contiguous to imbricate; 0.3 to 3.0 mmbroad; 100-250 um

' thick. Upper surface green; glossy to dull in the interiox; isidiate,
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isidia usually globose but sometimes cylindrical, 0.05~0.2 mm thisk, by
up to 0.3 mm long, the tips sometimes breaking off cleanly; asorediatej
non-maculate. Upper cortex 10-20 wm. Algal layer 20-50 pm. Medulla
40+160 ym. Lower cortex 15-20 um. Lower surface tan} moderately
thizinate.

Apothecia sparse when present; substipitate; up to 3 mm across;

shallowly cupped. fum 40-60 um. fum 10-15 pm. Exciple

30-60 um. Ascospares § per ascus, 73-5) by 56 um (few measured).

Pycnia 100-200 ym i: mean diameter. Pycnoconidia not seen,

Medulla: white; K~ C-; KC-; .
Chemistry:~ Usnie acid and twe unidentified aliphatic acids.

The present species was first described from Australia (Kurokawa
and Filscn, 1975) and although there ave morpholagical and habit
differences between the Cape specimens and the type description, these
are considered to be insignificant in comparison to the variation found

in other similar 2 ige. The chemistries of the Cape spacimens

and the type appear to differ; the latter containing caperatic acid
which was not found in the former. However the aliphatic acids in the
Cape specimens were not identjfied, and the chemical relationships remain
unknown .

No true non-isidiate counterpart exists in the present collectioms, and
although the overall similarity to X. cubdecipiens ls quite striking,
its aliphatic acid chemistry is consistently differenmt.

Specimens examined: 32188D, 2 km 8 of Clanwilliam, Olifants river
valley, on TMS, alt. 400~600 m, 772 8-1-33 33214AD, Sever Weeks Poort
near Ladismith, on TMS, alt, 915-945 m, 772 11~3-13, 772 1t-3-31;
33228C, 18 km N af De Rust, Meiringspoort, on Bokkeveld shale, alt.

640~730 m, 772 14=1-11, 772 14~1-20pp.




Xanthoparmglia heterodova (Hale) Hale
“ Plate 35B; Fig. 26. (p. 189).

! Hala (1974) Phytologia, 28 (5): 487.

’l Farmelia heterodoza Hale (1971) Bot. Not., 124: 349, fig. 26,
[ Holotypus: On zocks, Natal Teble Mountain, distr.
i Pietermaritzburg, Gouth Africa, O, Almborn 8395, 30

Qctober 1953 (LD, isotypus US).

Thallus crustose; on wock; up to 3.5 cmaecross; areolate in the
centre but lobate at the mavgins. Lobes mogtly elongate, sometimes

i . very elongate; contiguous, 0,2-0.8 mm wide; up %0 5 mm long to the first
transverse fissure; always less than 100 um thick, Upper surface green,
dull to minutely felty; with the epicortex absent or rudimentary; neither
isidiate nor sotediate. Lower surface omly present at the lobe tips;
| pale browa to ivory; without rhizines.

Apothecia fregqueut; when present sparse to abundant; immersed

in the areoles, but sometimes somewhat sessile, up to 0.4 mm in diameter;

plane. Eymenium surface 1lvid brown or black. Hymepium 60-80 um,

Subhymenium shallowly conical, 0~50 pm, Exciple funnelled, 15-20 um.

Asci subcylindrical, Ascorpores 8 per ascus, 73=94 ym by 44-6} ym.

Pycnia small, up to 50 uym in mean diameter. Pycnoeonidia 7-1% ym long.

!
#

Medulla {very thin): white; K-; C-; KC-; P-,

B Chemistry:~ Usnic acid iu the upper cortex, Evernic acid sometimes with
™~ lecanoric acid (?) in the algal layer and medulla,

Although the unseen holotype specimen differs from the present
specimens in habit, they conform to the type morphologizally, The
babit difference is considered to be enviromentally induced, All the

exzmined specimens contain evernic acid and one contained lecanoric acid

as well, but the latter specimen was too small to confirm either substance

;
|
i
i
|
|

(L.
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by microhydrolysis. (The type was tentativeiy reported to contain
olivetoric acid). The placement of this species in Xanthoparmelia is

i with what is

somewhat dubious as the ial is ut
typical for the genua. However, until the distinction between the
Parmeliae (sensu lato) and the lobate Lecanorae is clarified, X. keterodoza
is puobably better placed in Xanthoparmelia.

X, hetsrodoza has been found as far south as Ladismith in the Cape, and

as far north as the Natal Table Mountain.

This diminutive species cammot be confused with any other species except

X. ralla, from which it differs in containing evernic acid rather than

the norlobaridone of the latter specles,

Specimen List: (2330DA, Natal Table Mountain, O, Almborn 8595, 30

October 1953, not seen); 31240D, Lootsbery Pass, helfway between Graaff-
Reinet and Middleburg, on Beaufort mattons, alt. 1800 m, 772 15=2-5,

+ Seven Weeks Poort near

772 15-2-6 pumin.p., 772 15-2-25pp.; 3
Ladismich, on ‘M8, alt. 915-945 m, 772 11-3-8 p.min.p.

Xanthoparmelia hypoleia (Nyl.) Hale

Plate 14; TFig., 20. (p. 161},

Hale (1974 ) Phytologia, 28 (5): 467

Parmelia hypoleia Nylander (1860) Syuopsis

Methodica Lichenum, v.1, p. 383,

Holotypus: C.B.§., sub Parmelia veticulata Nees (FHI).
Parmelia hypolein var tenmiifida Nylauder (1860)

Synopsis Methodica Lichenum, v.1, p.393.

Type matarial ia hb. Carr., not located and not seen.
Parmelia hypoleia var crenata Nylander apud Hue (1890)

Nouv. Arch. Mus. Paris [Sér. 3], 2: 290

Holotypus: Cap. B. Spei, Cueinzius (H-NYL 34824!).

l
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Parmelia hypoleioides Vainic (1926) Am. Univ. Fenn. 4bo.
[ser 4], 2 (3): 1-2.
Holotypus: Africa asustr., Paarl, Qn stones.
Misg van Velden, 1921, no. 334 (Hb. Vain. =o. 34578)
(TUR-VAIN!)

Parmelia bypoleia £. hypoleioiu 3 (Vain.) Gyelnik (1938).

Ann. Mus. Natn, Hungariei, [Fars Bot], 31:

Thallus follose to sub icose; loosely to mod, 1y adnate;

on rock or sometimes soil; up to 10 cm across. Lobes horizontal to
subascending; elongeate to linear; contiguous to highly imbricate}
0,3-5 mm broad; 100-600 i ‘ck. Upper surface green; glossy to dull
pored epicorticate. strongly cu sometimes weakly pale msculate (rarely
emaculate, e.g. 772 J1~1-7); not isidiate or sorediate, Upper cortex
uneven to even, 20-60 um, Algal layer unaven to even and sometimes
interrupted, =60 [80] um thick. Medulla uneven, 100-400 um.

Lower cortex 2-3 cell layers thick, 10-50 um. Lower surface black,
sometimes becoming chestnut brown at the lobe tips; with rhizines
absent to moderately abundant, rhizines up to 1} mm long.

Apothecia coummon; whan present, spacse to abundant; substipitate;

up to 1.2 cm across; shallowly cupped. ium 40-6G pm.

5-15 ym. Exciple 30-60 pm. Ascospores 8 per ascus, 8-12 ym by

44~7 ym, Pycnia 100~200 ym in mean diameter. Pycnocouidia 5-8 un long,
Meaulla white; K-; KC+ pale rose; C-; P+ orange-red.

Chemistryt~ Usnic, protocetraric and virensic acids consistently

present, Skyrin sometimes presenmt in the lower medulla.
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X. hypoleda appests to be endemic to southern Africa, but
X. peeudohypoleia (Elix ) ad int., reported to contain .he closely
related fumarprotocetraric acid, is found in Australia (Elix, 1976).

In the present collection, X, hypoleic was found as far aorth as Garies
on the western margin, and as far east as the Swartberg Pass novth of
Cudtshoorn, on the southevn margin, but the species is knowa from as
far east as Uitenhage (type material of P. mutabilis Tayl.).

X. hypoletiq is the most commonly collected species ot the X,
hypoleia group, and is distinguished from the other mewbers of this
group by the K- and P+ orange-red reaction of the medulla, caused by
the presence of protocetraric and virenaic acids. The group as a whole
stands apart form the other Raroo Xanthoparmeliae in the black lower
surface and the maculate upper surface. The species of this group are
all similar to each other, and are differentiated mainly on the basis of
their chemistries. In this respect they may be regarded as chemical
strains of X, Aypoleia (sensv lato), but the individual chemistries, amd
habit ranges (although cverlapping partly) wey differ widely. The only
species distinguished on the basis of thallus habit, is X. columuata,
with its eveuly appressed couvex lobes, reminiscent of X. exornata.
Howaver, X, colwmats is sinilar to X. hypoprotosetrarica, but no

sp with tha X,

1 halit were found to contain protocetraric

and viressic acida, common substances in the normal habit range of the

X. hypoleia g:oup, This group is also present in Australia and at least

two specir | X, b tateri and X, hypop: {ea, are present in
both the Cape and Australia,

Specimens examined: 3018CA, 20 km 888 of Garies on gneiss, alt. 360-380 m,
772 9-1-38, 772 9-1-32pp, 772 9-1-34pp; 3019CD, 6 km S of Louriesfortein,

kubiskouberg, on dolerite, alt. 880-90C m, 772 3-4-15pp, 772 3-4~19, 772
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3-4-29; 3119AC, Top of Vanrhyns Pass, Bokkeveldberg on TMS and seil,
alt, 800 m, 768 10-2-4, 768 10-2-5, 768 10~-2~16, 768 10-2-19, 768
10-2-23, 772 9-3-3, 772 9-3-7, 772 9~3~8; 3120CD, 12 km ESE of Middelpos,
on Beaufort mudstone, alt. 1400 m, 772 4-2-5, 772 4~2-19; 3218BB,
Pakhuis Pegs near Clanwiliiam, Pakhuisberg (Cedarberg), on TMS, alt,
§10-670 m, 772 8~3-14pp, 772 8-3~19; 3218BD, 25 km S of Clanwilliam,
Olifants river valley, on TMS, alt. 400600 m, 772 8-1-8pp; 321944,

top of Pakhuis Pass near Clanwillism, Pakhuisberg (Cedarberg), om TMS,
alt. 880-915 m, 772 8-2-17pp, 772 8-2-48, 768 10-3-10; 3318CD, Top of
Table Mountain, on TMS, alt. 900 m, 772 6-i~8; 3318DD, Paarl rock near
Paarl, on Cape granite, leg. Miss van Velden (P.A. v.d, Bijl no. 334)
TUR-VAIN no 34578; 3319CA, Bainskloof near Wellingtonm, Auf Falsen der
hSchsten Vrdmme, Dr. Wawra, Erdumseglung S.M. Fregatte "Donau" 1868-1871,
Wno, (1931) 12972 pp; 3321AD, Seven Weeks Poort near Ladismith en TS,
aklt, 1000 m, 772 11-3~12, 772 11-3-15, 772 11-3~30, 772 11-3-38, 772
§1-3-41; 3322AC, top of Swartberg Pass, 18 km S of Prince Albert,
Swartberg, ou TMS, alt. 1700 m, 772 11-1-7; 3325CB, Uiterhage, Zeyher

(FH., on rheet with the holotype of P. mutabiliaz Tayl., also in BM).

Xanthoparmelia hypomelaecnz (Vain. ex Lynge) comb. nov,
Plate 16, ¥ig. 23. ({p. 176).

Basi + Farmeli phylia £. hypomelaena Vainio ex Lynge
(1937) Rev. Bryol. Lichesol,, 10: 89,
Holotypus: Cape Province, Ceres, T.8. Leslie, June 1924.
(b, Vain. 34575) TUR-VAIN 33499:
(Non X. hypomeluenc (Hale) Hale (1974) Phytologia, 28 gS)x
487. Basionomen! Farmelia hypomelaena Hale (1967)

Bryologist, 70t 416).
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Thallus foliose; loosely to moderately admate; on rocks up o
10 em across. Lobes mostly horizontal; very elongate to sublinear;
imbricate to highly imbricate; 0.3~2 mu broad; 100~300 jm thick.
Upper surface green; glossy to dull; pored epicorticate; commonly faintly
to sometimes strongly maculate; ncn-isidiate and esorediate. Upper
cortex 25-50 ym, the upper 15-23% um dark in soction due to embedded
usnic acid . Algal layer uneven and sometimes broken, 0-50 um.
Medulla 100-20C pm. Reverse cortex 15-30 wm. Reverse surface black;

with rhizines absent to ly abundant

Apothecia uncommon; when present sparse to moderately abundant;
substipitate; up to 6 wa across; shallowly cupped. Hymeuium 40~60 ym.
Bubhymenium 10-20 pym, Exciple 30-60 um. Ascospores 8~12 um by
43~7 pm (few seen).

Pycnie 100~150 ym in mean diameter., Pycnoconidia not seen.

Medulla white or with a faint pink tinge; K+ either rich yellow
becoming yellow-orange, or nothing at first then slowly to rapdily
becoming bright orange; C-; P+ orange; stromgly blue-vhite fluorescent
32 09250 Ghon the accessory squamatie asid is present,

Chemistry:~ Usnic acid in the upper cortex, and either thammolic acid,
ox unknown Th~l with or without squamatic acid, in the medulla.

This is a member of the X. hypoletq complex, but differs in
chemistry, and is more commonly broader lobed and less strongly maculate,
than in any other species in this complex (plate 16). The medullary
chemistries cause distinctive colour reactions with K, which are unique
in this complex. X. hypomelaena is considered to consist of two chemical
strains: The southern (type) stvain containing thamnolic acid; and the
wertern atrain (Pig. 23) containing an unidentified, suspected B-orcinol

meta~dspaide, Th~{, with squematic acid as an accessory. The overall




thallus habit ranges of the two strsins are similar, as are their
chemistries, but they are treated as ome species for the present, even
though they appear to differ in distribution.

Faintly maculate and broad labed specimens of this species may
vesemble some Karoo specimens of X. tagmaniod, but the latter contalns

salazinie acid, and is ke yellow becoming blood~red.

Specimens examined (Specimens followed by *contain thamnolic acid, 21l
the gthevs comtain Th=1}: 32188D, 26 im § of Clanwilliam, Olifsuts rive:

valley, on TS, alt. 400-600 m, 772 8-1-8b pp.; 3219A4, 34 ke NE of
Clanwilliam, Klipfonteinrant, on TMS, alt. 300460 w, 768 10-~3-10, 768
10-3-1); 321944, 20 ko ENE of Clanwilliam, top of Pakhuis Pass, on TMS,
ale. 880-915 w, 772 8=2+9, 772 §-2=19pp; 3319/D, Ceras, T.B. Lesiie, June
1924, TUR-VAIN 33499 * 5 337141, Seven Weeks Poort near Ladismith, on TS,

alt. 915-945 m, 772 11-3-9 %,

Yanthoparmelia hypepratocetrerfea (Kurak, ot Elix) Hale

Plate i5 &, B, and C; Fig. 2L (p. 166).
Hale (IS74) Phytologia, 28 (5): 487,

Tarmelia hypopratosetrarics Xurckawa et Elix (1971)

J. Jon, Bot,, 46 (4): 113~114, Plate V, fig, 1.
Holotypus: dustralia. Australian Gapital Territory:
Coppins' Crossing. Growing on Perphyry boulders. J.4.

Elix, no. 101, 1970 (TNS! Tsotypus: MEL).

Thallus as ia X. Fypolsia (Nyl.) Hale, except more commoniy
collected with lobes in a subascending condition, but alse somstimes in

a sublinear lobed, highly imbricated condition.
Medulla white or faint rose; K¢ faint yellowish sometimes

becoming pale wine reae or K~; KG no change from the X reaction or a
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uwomentary siight enhancement; C+ faint to pale yellow, or C+ fleeting

yellow or pale orange, fading to pale yellows P-.

Chemistry:- Usmic, hypopro ic,and possibly 4~O-methylhypop:
cetraric acids present.

Most closely ralated to X. hypoprotocetrarien is probably
X. notata (Kurok.) Hale (Kurokawa et al., 1971), coatainimg motatic and
4-0-methylhypoprotocetraric acids, and found in Australia, but not known
from the Cape. X. hypoprotocetvrarica may in future be found to be a
chemical varianti}(. notata since they both have been found to contain
4-0-methyvihypoprotocetraric aeid, I¥n the present collection X. Aypeproto~
oetrarizq vas found as far north as Vanrhyns Pass and as far east as
Meizingspoort, o the margins of the Karga. Some faintly~ we emsculate

specimens of this species may be mistaken for some foliose apecimens of

X. persp with black , but highly imbricate linear lobes
or thick, subascending lobes are indieative of X. Aypoprotocetrarica.

Tbis species is also closely related to X. colummata, but the latter

species is ised by closely app: diseraete t¢ contiguous,
corvex lobes a habit somewbat reminiscent of part of the habit range of
the unrelated X. sxornats,

Specimens examined: 319AC, 42 km ME of Vanrhynsdorp, Vanrhyns Pass, on
TMS, alt, 460-61C w, 768 10~)~7, 768 10-i-8, 768 10~1~9, 768 10-1-14;
3218BB, 11 km NE of Clanwilljam, Pakhuis Pass, on TMS, alt. 610-670 m,
772 8-3-4, 772 8~3-19; 3218BD, 26 km § of Clanwilliam, Olifants river
valley, on TMS, alt. 400-600 m, 772 8~1-17; 3219AC, 12 km WNW of Algeria,
Rondeget viver valley, on TMS, alt. 760-315 m, 768 1i~1-2; 3318CD, Cap.
B. Spei, supra terram sebulosam, in mte. Tabularis, Wilms, H-NYL pm 1752;
3319CA, Bainskloof (near Wellington) Auf Felsen der hochstenm Vriimme, Dr.
Wawra, Erdumseglung 8.M. Pregatte "Donau" 1868-1871, W (1931) 12972 p.p.;

332240, 18 tm 5 of Prince Albert, top of Swartberg Pass, on TMS, alt, 1700 m,
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772 11~1-15; 3322BC, 18 kn N of De Rust, Meiringspoort, on Bokkeveld
shale, alt. 640-730 m, 772 14~1-4p.p., 772 14=1-T, 772 lé=1-14, 772

14=1=22, 772 14~1-28,

Xanthopermelia hyporiytida (Hale) Hale
Plate 19C and D.

Hale (1974) Phytologia, 28 (Sy: 488.

Parmelia hyporhytida Rale (1971) Bot, Not., 124: 349-352, fig. 34,
Holotypus: Cape Province, Div. Clanwilliam, om rocke
North of Clanwiiliam. Leg. L. Kofler 15-9~1963 (LD!

Isotypus: US).

Thallus foliose to subf: o0ge; loosely to mod 1y adnate;
on rock; up to 8 cm aeross. Lobes elongate to sublinear; uwaiformly

d to ing; comtiguous to highly imbricate, 0.3-3 mm

broad; 100~300 ym thick. Upper surface green to yellow-green dull
to sometimes glossy; pored epicorticate; faintly- to non-maculate;
non~igidiate and esorediste, Under surface pale brown to often black
at the lobe tips, or largely black with a pale brown interior; smooth
to highly wrinkled; sparsely rhizinate, often coarse or fused
together to form holdfasts.

Medulila faint pink to pale dirty yellowish; K+ yellow turning
blowd~yed, K+ yellow-orange turuing blood-red; or K+ yellow-orange
davkening slightly or drying; C~; P+ yellow-orange to orange.
Chemistry:- Usnic, salazinic acids with or without the “chalybaeir
unknown" present.

This species was collected only once on the western marginm, but
appears to be more typical of the Namib desert than the Karoq where it

is essantfally absent. The speclesmay be related to X. chalybawinans,
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but differs in being subfruticose or in having subascending lobes, and
in lacking the "chalybaeizans unknown" in part,

Specimens examined: 2214DA, Swakopmund, on stones, Alex vou Holy 8/77;
321888, |1 km NE of Clanwilliam, Pakhuls Pass, oa TMS, alt, 610-670 m,

772 §-3-lipp.

KXanthoparmelia ianthing sp. nov.

Plate 26D, Fig, 18. (p. 147).

Thallus ut in Xanthopawmelia endomiltodes (Nyl.) Hale, sed vice
acidi salazinici, materiam ignotam continente differt.
Holotypus: 3218BD, 26 km § of Clamwilliam, Olifants river
valley, on Table Mountain sandstome, alt. 400~600 m, F.
Brusse 772 8-1-15, 8/2/77,

Isatypus: 772 8-1-4.

Thallus as in Xanthoparmelia endomiltodss (Nyl.) Hale, but differs
in containing unknown substances, instead of salazinie aeid.
Medulla vialet; K+ purple.

Chemistry:+ ‘Th~i, Th-2 and 4 pigments, endo-l to endo~4, prese~.

This apecies is similar to X, endomiltcdes, but too few specimens
were seen to note sny significant moxphologieal cemdencies. It coxtains
the same pigments, distributed throughout mostof the m~dulla, ss the
latter spacies, The specias contains Th-) and Th-Z, suspected f-oxcinel
8 inol d d galazinie acid, is present

meba~depsides, yhereas the
in X, endomiliodes. Th-1 has also been found in a strain of X. hypomelaenu,
a completely unrelated species. X, endomiliodes and X, tanthina also
differ in distribution, the former being present on the southern margin,

and the latter being present in the southern portion of the western

margin (Fig. 18). (See X. endomiltodss for affinities to other species)



Specimens examined: 31194C, 42 km NE of Vanrhynsdorp, Vanrhyns Pass, on
™S, alt. 460-610 w, 768 10~1-15; 3218BD, 26 km § of Clagwilliam,

Olifants river valley, on TMS, alt. 400-600 m, 772 8~1-4, 772 8-I-15.

Xanthoparmelia leptoplaca (Zahlbr.) nov, comb,
Plate 33; Fig. 22. (p. 171).

Basionomen: L Leptop . 2an
Exot., 5: 249 (on Nylander apud O,-J. Richard (1877)
Catal, Lich. Deux - SEvres, p. 28; non Zahlbrickner apud
Magnusson ot Zahlbriickner (1944) Ark. Bot. 31A (6): 64)
Holotypus: Kapland, Laingsburg (grosse Kareoo), Sandstein-
felsen, ¢. 700 m. Leg. J. Brunnthaler 11.11.1909,

W (1936) 626!
Squamaring ieptoplace (Zshlbr.) Dedge (1971) Nova Redwigia Beih.,

38: 32-33,

Thallus crustose to subcrustose; on rock; up te 4 cm across;
areolate in the centre, lobate on the margins. Lobes elongate to very
elongate; discrete to contiguous; 0.2-1.3 mm broad; up o 6 mm long
to the first complete transverse fissure; 60-200 pm thick. Upper
surface yellow-green; minutely felty and often cearse pruinose at the
lobe tips; with a rudimentary epicortex; neither isidiate nor sorediate.
Upper cortex 15~30 um, the upper {0-20 pm with usnic acid. .ilgal
layer 20~40 ym. Medulla 10-{40 ym. Lower cortex 5~15 ym. Undet B
surfice pale brown; erhizinate or with rudimentary rhizines.

Apothecia common; when present scarce ta chundant; {nnate,

emergent or somewhat adnate; up to 1.5 mm across. Hymenium surface
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1ivid brewn to often black. Hymenium 40-60 um, Subhymenium )0-20 m,
Exciple 20~60 um. Ascospores 8 per ascus, 6411} ym by 4~6§ ym (108/5).
Pyenia 80-150 ym in meat dismeter. Pycnocomidia 8-12 ym long.

Medulla: white or pale pink; K+ yallow turming red or blood-red;
C-3 P+ yellow to orange.

Chemistry:~ Usnic acid and rarely atranorin in the upper cortex,
salazinic acid with norstictic acid as an accessory in the medulla,

This is a typical Karco species, but has not been found in the
Northern Karoo {I.4.1). It is also absent on the southern and western
margins. X. leptoplaca is similar to (the present concept of)

X, adhcerens in morphology and habit range, but differs in distribution
and chemistry. X. adhasrens contains the stictic acid suite and is present
on the Karoo ma:ziasonly, These two species have been found! together at
Perdepoort near Willowmore, but otherwise have exclusive distributioms.

fhe habit range of X. leptoplaca is relatively ive. In

many cases the thallus can be regarded as cruatose, with only the very
tips of the marginal lobes with well defined lowar cortices. At moister
sites the thalli may be more robust, with a larger area of cortex
beneath the marginal lobes. In the latter case, the apothecia are
inclined to be adnate and larger, more often, However, separation of
these states into two taxa is a futile exercise, and in ail cases, more
xobust states have been found together with less robust specimens, (but
not vice versa).

Specimens examined: 2923D¢, Serydeuburs, on dolerite, alt, 1080-1110 m,
768 5-2~6; 2923DD, 19 km NE of Str denburg, Elands Berg, on dolerite,
alt, 1190-1280 m, 768 5-1-3, 768 S~I-4: 3(210D, 15 km W of Carmarvom, on
dolerite, alt., 1220-137C m, 768 7-1-11; 3022CC, 8 km N of Carnarvonm, on
dolerite, alt. 1200~1250 m, 772 16=1~1; 30220D, 18 km NE of Carnarvom,

Kareebospoort, alt. 1280~1310 m, 768 6-5-6, (dolerite), 768 6~5-8 (Ecca
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shale/sandstone); 3023BA, 22 km S of Strydenburg, on dolerite, alé.

1100-1130 m, 768 5~3~6; 3023BC, 16 lm NNE of Britstown, oun dolerite,

alt. 1160-1190 m, 768 5-5-2, 768 5~5-5; 3023CA, 32 lm W of Britstown,

on dolerite, [140-1160 m, 768 6-2-4; J120AD, 53 im W of Williston, on
dolerite, alt. % 1070 m, 772 10~1-6; 3120BB, 24 km NV of Williston, on
dolerite, alt. 1070-1220 m, 768 7-5-5. 3120BC, 34 km W of Williston, Jan
Swartsberge, on dolerite, 1170~1200 m elev., 772 10-2-2pp; 3120CA, 48 km
N4 of Middelpos, on dolerite, alt. 915-1220 m, 772 4-1-3, 772 4-~1-4, 772
4=1~11, 772 4-1-12; 3120CD, 12 km ESE of Middelpos, on Beaufort mudstone,
772 4-2-10, 772 4~2-11pp; 31214C, 13 kn ENE of Williston, Soutpanspoort,
on dolerite, alt. 1160-1170 m, 768 7-4-1, 768 7-4~3pp, 768 7-4~4, 768 7-4=5;
312140, 48 km ENE of Williston, on Ecca siltsrome, alt. 1150-1160 m, 768
7-3-6, 768 7-3~7; 3121BB, 40 km WSW of Csrnarvon, Kiipheuvels, on
dolerite, alt., 1310~1330 m, 768 7-2-2; 3122AD, 3 km MW of Loxton, on
Beavfort mudstone, alt. 1370-1525 m, 772 15-4-11; 3122BD, 27 ku W of
Victoria West, Gap Kop, alt. = 1370 m, 772 15-3~4 (on dolerite), 772
15-3-9pp (on dolerite), 772 15-3-10 (on Beaufort mudstone), 772 15-3-22
(on dolerize); 3123CC, Three Sisters, alt. 1140-1240 m, 768 §2-4-10 (on
Beaufort siltstone), 768 12-4-11 {on dolerite),768 12-4~8pp (on dolerite);
31240, Lootsberg Pass, half way between Graaff-Reinet and Middleburg, on
Beaufort mudstone, alt. 1800 m, 772 15-2-7pp, 772 15-2-6, 772 15-2-26;
3220DC, 34 km N of Matjiesfontein, Turck's Pass, on Ecca shale, alt.

$200-1235 m, 772 4~4~10; 3221BA, 16 km SSE of Fraserburg, Zaai Klipheuvels,

on dalerite, alt, 1400-1430 m, 772 10~4~1, 772 10~4~3, 772 10-4-5;
322184, 37 km SSE of Praserburg, Teekloof, on Beaufort mudstome, alt.
1160~1220m, 772 10-5-1, 772 10-5~2pp, 772 10-5~6; 3320BB, Repland, prope
Laingsburg (Grosse Karroo) c. 700 msm ad saxa arenzria (J. Brummthaler,
i1/11/1909) W (1934) 626!; 3323AD, 14 km ¥ of Willewmore, Perdepoort, on

quartizitic Wicteberg rock, alt. 850-880 m, 772 14=3-10.
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Xanthoparmelia leucostiqma sp. nov.
Plate 194 and B.

Thallus foliaceus; modice vel arte admatns; in rupibus, Lobi
elongati vel valde elongati; plani vel convexi; sequaliter appressi;
contigui; 0.5-3 mm lati; 100-300 pm crassi. Pagina supera viridis;
impolita; epicortice poroso; albomaculata; isidiis sorediisque destituta,
Cortex superus 15-70 ym erassus. Stratum algarum irregulare, & 0 um
crassum, Medulla 60~200 um crassa, Cortex inferus 15-30 um crassus.
Pagina infera eborina vel pallide fusca; modice rhizinata, thizinis groseis.

Apothecia parce vel modice numerosa; substipitata; usque ad 3 mm
lata. Hymenium 40-60 ym altum. Subhymenium 10~15 ¥m crassum.

Bxcipulum 20-40 ym crassum, Ascosporae octonae, 6-94 ym X 44~5} pm. Pyenia
100-200 ym dismetris. Pyenoconidia 5-8 um longa.

Medulla alba; K-; C+ dilute rosea; P-. Acidum usmicum in cortice

superiore, et in medulla acidum gyrophoricum continens,

Holotypus: South Africa, Capa Province, 3322BC, I8 ku N of De

Pust, Meiringspoarz, F. Brusse 772 14~1-17, 14/2/77. Isotypus:

772 14~1-13, 14/2/77,

Thallus foliose; moderately to tightly admate; onm rock. Lobes
elongate to very elongate, plane L couvex; evenly appressed; contiguous;
0.5-3 broad; 100300 ym thick, Upper surface green; white maculate;
dull; pored epicorticate; nom isidiate and esorediate., Upper cortex
15-70 ym thick. Algal loyer umeven, 40-80 pm thick. Medulla 60-200 um
thick. Lower cortex i5-30 ym thick. Undersurface ivory to pale fuscous}
moderately rhizinate, with the rhizines coarse,

Apothecia sparsely or modurately abundant; substipitate; up to

3 mm across. ium 40-60 um. fum 10-]5 um thick., Exciple

20-40 ym thick. Ascospores eight, 6 . um X 43-5f pm.
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Pyenia 100-200 ym in diameter. Pyenoconidia 5-8 pm long.
Medulla white; K~; C+ pale pimk; P~. Containing usnic scid in the
upper cortex and gyrophoric acid in the medulla.
This species Is rare in the present collections (kmown only frem
the type cellection), but appears to be similar to X. exorngte, from
which it differs in containing gyrophoric acid (rather than the salazinic

acid of the latter species.

Xanthoparmelia molliuseula (Ach.) Hale
Plate 24A; Fig. 23. (p. 176).

Hale (1974) Phytologia, 28 (5): 488.

Parmelia molliusenla Acharius (1810) Lichenographia
Universalis, p. 492.
Holotypus: (fide Hale (1968)) Caput Bonae Spei,
Thuuberg (UPS, isotypus H},

Faymelia thammidiella Stirton (1877) Trams. Glas, Soc. Field
Nat., 5: 213-214.
Holotypus: {Hale, 1968) So. Africa, Somerset East:
Prof. P, MacOwan (BM!). Isotypi : Ad rupes basalticus
summi mts. Boschberg prope Somerset East im CBS, LXXVI,
MacOwan (PRE!); On the ground, S. Africa, Cave Mountain,
J.H, Mclea (BMI).

Parmeliq conspersa var thammidiella (Stirt.) Stizemberger (1880)
Ber. Thatigk, St. Gall. naturwiss. Ges., 1888/8%9: 153.

Parmeli £. motii Za (Ach.) Wainio (1899)

Természerr. Fizetek, 22: 280,
Paymelia steinert Gyelnik (1938) Sydowia Ann. Mycol., 36 (4): 289.
Holotypus: South Africa, Wolseley, on the ground. Leg.

AE, v.d. Byl (B.A. v.d. Bijl 1141) W (1935)-}
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Fgeudevernia molliuseula (Ach,) Dodge (1959) Aon. Mo, Bot. Gard.,
46 (2): 183. (Hale, 1968).

Pgeydevernia thanmidiella (Stirt.) Dodge (1959) Ann. Mo. Bot.
Gard., 46 (2): 182. (Hale, 1968).

%“hallus folijose to Zruticose; moderately to loosely adnate: on
s0il and rock; up to § cm across; fragile. Lobes versatile im habit,
dorsiventral to terete; elongate to linear; imbricate, highly imbricate
ta very open in structure and fruticose; 0.15-2 mm broad; 80~400 pm
thick. Upper surface often glossy at the lobe ends, but dull in the
interior; pored epicorticate; emaculate; esorediate, and non-isidiate.

Undersuxface not present on terete portions of lobe - “own to pale

brown; sparsely to moderately rhizinate, rhizine: moderate in
size.

Apothecia not seen, presumed to be sporadic. Pyemia 100-200 ym
in mean dismeter. Pycnoconidia 5-8 um long.

Medulla white or tinged rose; K+ yellow sometimes becoming
yellow-orange; C-; P+ yellow to yellow-orange.

Chemistry:~ Usnic acid sporadieally with atranorinu in the upper cortex,
Stictic acid, variable amounts of constictic acid and St-1, with nor—
stictic acid as an accessory, in the medulla.

This specles is very rare, if at all present inm the Karoo, but
is known from as far north as Garies on the western margin, and as far
east gg Somerset East on the southern mergin. The amount of terete lobe
relative to dorsiventral lobe varies from specimen to specimen, but
thalli wholly composed of dorsiventral lobes were not collected.
Sometimes the dorsiventral~terete transition is so abrupt, that the
terete portions may be mistaken for coarse isidia,

The only other species that could be mistaken for this distinctive

spacies is X. amphimanthoides (J, Stein. et Zahlbr.) Hale, containing
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saiazinic acid snd the “chalybaeizans unknown" in the medulla, The

latter species is not presemt in the Karoo collections. The taxonomic
status of both these species is beyond the scope of the present
collections.

Specimens examined: 3018CA, 20 lm SBE of Garies, on gneiss and soil,
alt. 360~380 m, 772 9-1-35, 772 9-1~37; 3225DA, Scmerset East, on dolerite

and an ustated substrate, Prof, P, MacOwan (BY); 3319AC, Wolseley, on
the ground, A.E. v.d. Byl (W); 3321AD, Seven Weeks Poort near Ladismith,

on TMS, alt, 915-945 m, 772 11-3~29,

Xanthoparmelia perspersa (Stiz.) comb. nov.

Plate 264, and B; 28; 29; Fig, 24. (p. 181).

y£? ti b (1890) Bex.

Basionomen: Pz

Thatigk, St. Gall. naturw., Ges., 1888/90: 152.

Holotypus: Supra saxa arenaria in fastigio
septentrionali wontis Leonis - 2000 m ~ prope Kapstadt
in Promontoric Bonae Spei. MacOwan., 21!
Parmalia domokosii Gyelnik (1938) Sydowia Aum, Mycol., 36 (4):
227,
Holotypus: South Africa, Laingsburg, on stone. Leg.
P.A. v.d. Bifl no. 1091. W (1935) !
Parmelia encrugtans Hale (1971) Bot. Wou., 124: 348-343
Pig. 2A.
Holotypus: Cape Province, Distr, Namaqualand, on rocks
between O'okiep and Springbok,
0. Almborn 4792, 15/9/1953, (Lp! Isotypus : US)
Parmelia aubdomokosii Hale (1971) Bot. Not., 124} 353-354

Tig., 3,
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Holotypus: Africa australis, prov. Cape, dist.
Swellendam, 7 miles ¥ of Heidelburg, C.P, Small hill
Exposed To the sun. Leg. 0.A. Hieg, 12/6/1929.
(TRH! Tsotypi : LD, US.}

XYanihoparmelia domokosii (Gyel.) Kale (1974) Phytologia, 28 (5):
487.

Xanthoparmelia encrustans (Hale) Hale (1974) Phytologia,
28 (5): 487,

Xanthoparmelia subdomokosii (Hale) Hale (1974) Phytologia,
28 (5): 483.

{c.f. Xanthoparmelia dissensa (Mash) Hale (Nash, {973}, a

Noxth American species)

to moderately adunate;

Thallus to foliose;

on rock; #p te i om across. Lobes elongate ta very elongate; evenly

; rarely 3 contiguous; 0.2~4 wm broad;

100-500 um thick. Upper surface yellow-green to green; emaculate;
minutely felty to coarse pruinose at the lobe tips of most suberustnse
specimens, dull to glossy at the lobe tips of most foliose specimens;
with the epicortex rudimemtary to pored; non-isidiate, and esorediate.
Upper cortex 15-30 ym. Algal layer 20~70 pm. Medulla 60~430 um.
lower cortex 5-15 ym., Lower surfaca pale brown to black; with rhizines
rudimentary to moderate sized; rhizines never abundant,

Apothecia very frequent; when present, sparse to very abundant;
sessile to subatipitate; up to | ow across; plane to shallowly cupped.

Hymenicm 40~60 um high. Subhymenium 5~20 pm thick. Exciple 20-40 ym
thick. Ascospores 8 per ascus, 6§~12 um X 4~7 ym (255/9). Pycnia

50-150 ym in mean diameter. Pycnoconidia 5-10 ym long.
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Holotypus: Africa sustralis, prov. Cape, dist,
Suellendam, 7 miles W of Heidelburg, €.P. Small hill
Exposed To the sun. Leg. O.A. Bieg, 12/6/1929.
(TRH! Isotypi : LD, US.)
ZXanthoparmelia domokosii (Gyel.) Hale (1974} Phytologia, 28 (5):
487,
Xanthoparmelia encyustans (Hale) Hale (1974) Phytalogia,
28 (8): 487,
Xanthoparmelia subdomokosii (Hale) Hale (1974) Phytclogia,
28 (5): 489,
(c.£. Xathoparmelia discensa (Nash) Hale (Nash, 1973}, a

North American species)

b to adnate;

Thallus tx alie ¢
on rock; up to 10 cm across. Lobes elomgate to very elongate; evenly
appressed; rarely somewhat comvolute; contiguous; 0.2-4 mm broad;

100~500 ym thick. Upper surface yellow-green to greex; emaculate;

minutely feltv to coarse pruincse at the lobe tips of most subcrustose
specimens, dull to glossy at the lobe tips of most folinse specimens;
with the epicortex rudimentary to pered; non-isidiate, and esorediate,
Uppex tortex 15-30 ym. Algal layer 20~70 ym, Medulla 60~430 pm.
Lower cortex 5~15 ym, ZLower surface pale brown to black; with vbizines
tudimentary to moderate sized; rhizines never abundant.

Apothecia very frequenk; wheu present, sparse to very abundantj
sessile to substipitate; up to I cm across; plane to shallowly cupped.
Hymenium 40~60 ym high. Subhymenium 5-20 pm thick, Exciple 20-40 ym

thick. Ascospores 8 per ascus, 64-12 ym X 4~7 um (255/9). Pyenia

50-150 ym in mean dismeter, Pycnoconidia 5-10 ym loug.

R e ——
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Medulls white; K-, or «* pale yellowish to pale wine red or pale
puzple; Gt pale yellow sometimes an initial Electing yellow or pale
orange; XC+ wine roge or orange; P-; sometimes, (often in foliocse
specimens with pale under surfaces) a yellow-orange colour on the lov;er
caortex, which is ¥4 dirty mauve or violet.

Chemistry:~ Usnic acid in the upper certex. The medulla contains large

amounts of p: ic and 4-0~d ic acids, but the
relative concentrations of these two substances vary widely, Most
specimens contain appreciable amounts of both. Some specimens centaining
large amounts of 4-O-iemethylnotatic acid and only twices of, if aay,
hypeprotocetraric acid, have been found to contain traces to small
amounts of notatic acid (e.g. 772 4=4~7, 772 &~4=8, 772 4~4-9, 772
15~heets, 772 15=3=73p, 772 15+4-8, 772 15-4-9). On the other hand, some
specimens with pmjor amounts of hypoprolocetraric and little or nmo
4-0-demethylnotarmic acid, have been found to contain small amounts of
4=0-methylhypoprotocatraric acid. A single specimen (772 14~2-4) had
4=0-mathyli-poprotocetraric acid in its medulla (tentative} together
with two unimowns FB~! and FE~2, and the usual hypoprotocetraric and
4-0-demethyinotatic acids were completely abseat. Uuknown Q-1 (Culberson
and Hale, 1573} accurs sporadically in this taxon, and some other trace
substances detected, could not be identified. The yellow~orange pigment,
skyrin, is often present on the lower cortex of foliose specimens whizh
are pale browm beneath,

This concept of the species is broader than has hitherto been
accepted, varying from subcrustose to foliose. While it is true that
most broad lobed specimens are dull to glossy, and all subcrustose
specimens are wminutely felty to coarse pruinose, on the upper surface,

a few broad lobed specimens are mimutely felty to coarse pruinmocsa.
Specimens of intermediate lobe size sre just as oftem dull to glossy as

they are coarse pruicoss, with a surface texture of an undecided nature
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being quite common as well. All attempts to segregate the available
specimens int good morphological taxa proved fruitless, and it seemed
best to regard these taxa as forms of a single species., However, the
various forms are not equally distributed, and two forms have often been
found growing side by side. The colrur of the under surface could alse
not be correlated with any particular tuallus habit, rock type, or ares,
although most specimens are either black or pale bi wn below.

X. worcesteri is similar to X. persperea, in the range of habits
displayed, but the subcrustose habit of the former species (a) is
restricted to the Central Karco (J.4.2) (b) has only beer found with a
pale under surface and (c) is infreguent. On the other hand, sub-
crustose forms of X. perspersa are frequent and more widespread, but
centred ou the western and southern margins, and become infrequent in
the eastern part of the Karoco., Both black and pale brown undersurface
forms are known for the subcrustoge part of X. pLersperea. X. worcesteri
contains lecanoric acid, the main differemce between these two species.

X, chalybaet; is also le to X. persp » but

forms have been found only on the western margin, and the reverse surface
is always pale brown, However, the overall habit range of X. chalybaeizw w
is significantly different, as is the chemistcy, the basis of the
taxonomic separation.

The theoretical iaidiate counterparts of this species cou.d be

idered to be X. 3 (Hale) Bale and X. weberi (Hale) Hale,

both of which are probably present in the eastern half of southern
Africa, but are poorly known at present. X. weber:i is the commomest
Xenthoparmelia in the Sonoran desert of North America (Nash, 1974a).

Other Karoo liae ind ypop ic acid

belong to the X. Aypoleiq group, and are net nu.mally mistaken for

this species,
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Specimens examined: 2917BD, 29 km N of Sprimgbok, Vrieskloofhoogte/
Ratelpoort, on white gneiss, alt, 880-940 m, 772 2-4-3, 772 2-4-11, 772
2-4-15, 777 2-4-25; 291708, between O'okiep and Sprimgbek, c. rocks, 0.
Aluborn 4792, 15/9/1953, 1D; 201948, 8 lm ENE of Pofadder, on gramitic
zock, alt, 915-1070 m, 768 =3-1; 29194C, 40 km SW of Pofadder, Namies-
berg on quartzo-felspathic rock, alt. 960-1040 m, 772 3-2-4, 772 3-2-9;
292300, 19 km NE of Strydenburg, Elands berg, on dolerite, alt. 1190-1280 m,

768 5-1-11, 768 5-1-12, 768 5-1-19; @926BB & ED, Mt. Thaba 'Nchu, District

Thaba "Nehu, 0.A. Hieg, 12/8/1920 (PRH); 29274B, 5 miles W of Ladybrand,
2000 m, Maas Geestaramus 6524, (L); 292G, Blue Montain Pass, Distr.

Marakabei, L. Kofler 2/6/63, (LD)); 2928CC, Maletsunyane Falls near

Semonkong, on basalt, 7611 30~5; (2929CA, Black Mountains, Distr, Qachas

Nek, L. Kefier, 9/2/63, (LD); 2930BC, Botha's Hill (Natal), distr.

Cawperdown, 0.A. Hoeg, 15/8/29, (IRH)); 3017BD, 19 km § of Kamieskroon,
Karkans /Gaxagams, on granitic reck, alt, 760790 m, 772 9-2-3, 772 9-2-5,

772 9213, 772 9-2-14, 772 9-2~17, 772 9-2-19pp; 3018CA, 20 km SSE of

Garies, on gnelss, alt. 360-380 m, 772 9-1~5, 772 9=1-9, 772 9-1-15, 772
9~1=18, 772 9-1-22, 772 9-1~23; 3019CD, 6 km § of Louriesfontein,
Kubiskoberg, on dolerite, alt. 880-900 m, 772 3~4~1; 3022CD, 51 km SW of
Vosburg, Elandsfonteinkep, on dolerite, alt. 1310-1400 m, 768 6~4=1;
30220D, 18 km NE of Carnarvou, Kareeboupoort, on dolerite, alt. 1280-i310 m,
768 6-5-1, 768 6-5-2, 768 6-5-5; 3029AD, Natal, District Mount Currie,

18 km M¥ of Kokstad, Droewig area, Weltevrede form, on Beaufort mudstone,
alt, 1460 m, 781-36; (3118CB, Koekenaap, district Vredendal, L, Rofler

16/9/1963 (LDY); 3119AC, 42 km NE of half-vay up y

Pass, on IMS, alt. 460-310 m, 768 10-1-10pp, 766 10~1~13, 768 10-i~19 to
225 31194C, 45 ko NB of Vanrhynsdorp, top of Vanrhyns Pass, on TMS,
alt, 800 m, 768 10-2-1f, 768 i0~2~14, 768 10-2-21; 3120CA, 48 km NV of
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Middelpos, on dolerite, alt. 915-1220 m, 772 &=I=1, 772 4=i=2, 772

4-1=5, 772 4-1-7, 772 4-1-14; 3120uy, 12 km ESE of Middelpos, on
Beaufort mudstone, alt. 1250~i280 m, 772 4-2-10pp, 772 4=2-lipp, 772
4~2-18, 772 4=2-20, 772 4=2-21, 772 4-2-22; 31214D, 48 km ENE of
Williston, on Bcca sandstone, alt. 1140-1160 m, 768 7-3-1; 31224D, 3 %m
NNW of Loaton, on Beaufort mudstone, alt. 1370-1§25 m, 772 15-4~ipp,

772 15-4-2, 772 15-4-3, 772 15~4~4, J72 (5-4-6, 772 |5~4=7pp, 772 15-4~8,
772 15-4-9, 772 15~2-13, 772 15~4=14, 772 15-4=15, 772 15-4=16, 772
15-4-18, 772 15-4~19, 772 15421, 772 (5-4~23; 3123CC, Three Sisters,

on dolerite, alt. 1140~1240 =, 768 12-4-8; 3126DD, Lootsberg Pass,
half-way between Graaff-Reinet and Middleburg, on Beaufort mudstone,

alt, 1800 m, 772 15-2-3, 772 15-2-6pp, 772 15-2-20, 772 15-2-22, 772
15-2-23, 772 15-2-24, 772 15-2-25pp, 772 13-2-26; 3218EB, 11 kn NE of
Clanwilliam, Pakhuis Pass, on THS, alt. 610-670 w, 772 8-3-12; 3218RD,

26 km S of Clanwilliam, Olifaats river valley, on TMS, 400~600 m, 772
8-1-1pp, 772 8-1-2, 772 8~1-3, 772 81-10; 321944, 34 km NE of Clanwilliam,
Rlipfonteinrant, on T8, alt. 300-460 m, 768 10-3-2; 32194A, 20 kn ENE
af Clanwilliam, top of Pakhuis Pass, on IMS, alt, 880-915 m, 772 8-2-2,
772 8-2-3, 772 8-2~4, 772 8~2-6pp; 3219AC, 12 km WNW of Algerie, Bondegat
river valley, on TS, alt. 760-9!5 m, 768 [1-1-3, 768 11-1-7; 3220DC,

34 km N of Matiiesfontein, Turck's Pass, on Ecca ghale, alt. 1200-i235 m,
T72 4-4=6, 772 4~4~7, 772 4~h-B, 77R 4~4-9; 3221BA, 37 km $SE of
Pragerburg, Teekloof, on Beaufort mudstone, alt. 1160-1220 m, 772 10-5-2,
772 10-5-3, 772 10-5~5, 772 10-5~13pp; 322284, 13 km N of Beaufort West,
Molteno Pags, on dolerite, alt. 1400~1460 m, 768 12-3-2, 768 12-3-3;
32248C, ¢ kn SW of traaff-Reinet, Munnikspoort, on Beaufort mudstome,
ait, 810-825 m, 772 i5~1-2, 772 15-i~3 772 15~1~4, 772 15-1-5, 772 15~1-6,
772 15-1-7, 772 15-1~8, 772 i5-1=10, 772 15-1-11; 3318CD, Supra saxa
axenaria in fastigio sep:enuimm, Montis Leonis - 2000 m = (=~700 m-)

prope Kapstadt in Promontorio Bonae fpei. MacOwan. ZT; (3318CD, Dist.
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Cape, Camps Bay, near Caltex garsge, Almborn, 4396, LD); 3319BC, 46 km

ENE of Ceres, on Bokkeveld shale, % 900 m, 768 11-3~5, 768 11-3-6,

768 11-3-7, 768 11-3-8, 768 13-3-9, 768 11-3-10; 332088, South Africa,
Laingsburg, on stome, Leg. P.A. v.d. Biji no. 1091 W; 332148, 42 ku E of
Laingsburg, on Ecca shale, alt. 610-760 m, 768 12-1-1; 3321a9, Seven

Weeks Poort near Ladismith, on TS, alt. 915-945 m, 772 [1-3-3, 772 11-3-4,
772 11-3-6, 772 11-3-8; 3321BA, 72 km ENE of Laingsburg, on dolerite,

alt. 305-455 m, 768 12-2-2; (33218D, Distr. Calitzdorp, Calitzdorp-
Kruisrivier Maas-Geesteranus 6703 (L); 33224C, Distr. Oudtshoorn, Cango
Caves, Arn~il 1449, 1451,1D); 3322BB, 58 km WM/ of Willowmore, on Ecce
sandstone, alt, 760-915 m, 772 14~2-4 (A specimen with a very unusual
chemistry); 33228C, 18 km N of De Rust, Meiringspoort, on Bokkeveld

shale, alt. 640-730 m, 772 14~1~1, 772 14=i-3, 772 i4-1-10, 772 14-1-12,
772 14-1-15, 772 14-1-18, 772 14-1-19; 332348, 14 km N of Willowmore,
Perdepoort, on Witteberg quartaite, alt. 850-880 m, 772 14~3-1, 772 14-3-2,
772 1433, 772 14=3~4, 772 14-3-5, 772 14~3-6, 772 1438, 772 14-3-9;
(3325€D, Distr. Uitenhage, Hdeg, 6/7/29, TRH); 34208B, smell hill exposed
to the sun, 7 miles W of Heidalberg, Dist. Swellendam, Cape Province,

0.A. Heg, 12/7/29, TRH.

Xanthoparmelia psoromifera (Kurok.) Hale
Plate %1D; Fig, 25. (p. 186).
Hale (1974) Phytologia, 28 (5): 488.

Parmelia psovomifera Kurokawa (1967) Bull, Ratl., Sci. Mus.
(Tokyo), 10 (3): 3743 P1 2, fig. 2
Holotypus: Jalisco, 25 km south of Guadalajara, Mexico;

on rock. M. Wirth 22, (US).
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Parmelia nigropsoromifera Nash {1974a) Bull. Torrey Bot.
Stub, 101 (6): 320-321,
Holotypus: 8 km N of the east end of Lake Rooseveld
along Arizona Highway 288, om volcanic rock, desert
grassiand community, 1100 m elevation, 19 April 1973,

Nash 7416 (ASU, isotypi COLO, DUKE, MIN, US, WIS)

Thallus foliose; moderately to tightly adnatej on rock; up to
12 cm across. Lobes elongate to very elongate; frequently evenly

s %0 dically umevenly app , and then the thallus

with & squamulose appearance; discrete to contiguous; 1,5~7 mm broad;
150-350 1m thick. Obverse surface yellow-green; emsculates dull ox
minutely felty to sometimes coarse pruinose at the Llobe tips; epicortex
heavily pored to rudimentary; not isidiate or sorediate. Obverse
cortex 15-40 um, the upper 10-20 ym obscured by usnic acid. Algal
layer 20-80 ym. Medulla 80-240 ym. Reverse cortex 10-15 pu. Reverse
surface pale brown to black; with rhizines scanty to moderately numercus,
average sised to coarse.

Apothecia frequent; when present, sparse to common; substipitate;
up to 6 mm across; shallowly cupped. Hymenium surface black, not pruinose.

40-60 pm. bh dum 5-15 pm. Exeiple 20-40 um. Ascospores

8 per ascus, 64=12 um X 4§-64 um (10/3). Pyenia 100-200 pm in mean
diameter. Pycnoconidia 6~B} um long,

Medulla white: K=3 C=j KC-; P+ golden yellow.
Chemistry:~ Usnic, psovomic and 2’-O-demethylpsoromic acids, Although
the psoromic acid in this specles was jdemtical in TLC characteristics
to that in Rhizocarpon geographicum (L) DC, ‘r did not produce

characteristic crystals in GE, which an extract of R. geographioum did.
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Outwardly this species resembles the X. schenckiwia group, but
is slightly less robust, among other minor but significant differences.
Most specimens cited below are black below with a few which are pale
brown below. Too few specimens were available to make any sound

taxonomic judgements on the under surface colour. X. psoromifera

although la to X. sohencki and X. » appears unrelated
to these species and differs from them primarily in chemistry.

The species is widely distributed throughout the study area, but
is common only im the Novthern Karoo (1.4.)1). It is also present in the
drier parts of North America (Kurokawa, 1967; Nash, 1974a; Bgan, 1975).
Specimens examined; 281900, 38 km NE of Pofadder, on dolerite, alt.
920~1060 m, 768 9-2-1, 768 9~2+2 (5quamulose habif); 2820DA, 8 km E of
Kakamas, Bobbejaanskrans/Bavianskrans Pass, on schist (Kheis group),
elev. 700-760 m, 768 8~8-1; 2820DC, near Kakamas on stome. P.A. v.d.

Bijl 1146 (W); 28214C, 20 km WHW of Upington, Seeppotkoppie, on Colston

granite, alt. 870-890 m, 772 1-2~1 to 772 1~2~9; 2621CC, 10 km SSE of
Keimoes, on granite, alt. 760-015 m, 768 8-6-1; 2821DC, 10 ka E of
Kleinbegin on Kaaien quartzite (Kheis group), alt. 945-975 m, 772 16-6~1,

772 16-6-2; 29190D, 8 lm NE of Graanaatboskolk, on dolerite, alt. 910-

1060 m, 772 3-3-5, 772 3~3-6, 772 3-3~7; 2921AA. 24 km N of Kenhardt,
N'Rougasberg, on quartzo-felspathic rock, alt. 850-880 m, 768 B=4~1;

3023BA, 22 km S of Strydemburg, on dolerite, alt. 10DD~1200 m, 768 5-3-5;
3124DD, Lootsberg Pass half-way between Graaff-Reinet and Middleburg, on
Beaufort mudstone, alt, 1800 m, 772 15-2~21; 321888, 1| km NE of Clanwilliam,
Pakhuis Pass, on TMS, alt, 610-670 m, 772 8~3-1, 772 8-3-9; 32148D, 26 km

§ of Clanwilliam, Olifants river valley, on TS, alt. 400~600 m, 772 8-1-19;
32200, 34 km N of Matjiesfontein, Turck's Pass, alt. 1200~1235 m, on

Ecca shale, 772 4=4-5; 3221BA, 16 km SSE of Fraserburg, Zaai Klipheuvels,

on dolerite, alt. 1400~1430 m, 772 10~4-2, 772 10~4-8.
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Xanthoparmelia ralla sp. nov.
Plate 354; Fig. 26, (p. 189).

Thallus crastosus; in rupibus; usque ad 2} cm diametro;
arveclatus sed peripherium versus lobatus. Lobi elongati vel perelomgati,
usque &d 2} mm lomgi; contigui; 0.1-0.5 mm lati; semper minus quam 100 pm
cragsi. Areolae 0.1-0.5 mm lati. Pagina supera flavovirens; emaculata;
hebetata; epicortice destituta vel rudimentali; isidiis sorediisque
destituta, Mrdulla pertenuis. Pagina infera praeter ad aplces
loborum destituta.

Apothecia numerosa; immerss vel adnata, usgue ad 0.7 mm
diametris; plana vel convexa. Hymenium 40-60 ym altum. Subhymenium
vadose conicum, usque ad 80 pm crassum, Excipulum 20-40 pm erassum.
Ascosporae octonae, 64-10) um X 4}~7 ym. Pyenia non visa.

Acidum usnicum in cortice superiore, et in stryto algarum et
medulla norlobaridonum continens.

Holotypus: South Africa, Cape Province, district Laingsburg,
3321AD, Seven Weeks Poort, on Tsble Mountain sandstone, alt, 915-945 m,
772 11-3~7. TIsotypi: 772 11-3-3pp, 772 11-3~4pp, 772 11-3~6pp.

Thallus crustose; on rock; up to 2§ em in dismeter; areclate,
but lobate towards the periphery. Lobes elongate to very elemgate, up
to 24 mm long; contiguous; 0,i~0.5 mm wide, always less than 100 um thick,
Areoles 0.1-0.5 mm broad. Upper surface yellow-greeén; emaculate: dull;
with the epicortex absent to rudimentary; mon-isidiate and esorediate,
Medulla very thin. Lower surface absent, except at the lobe ends,

Apothecia abundant, immersed to adnate; up to 0.7 mm in diametexr;
plane to convex. Hymenium 40-60 ym high. Subhymenium shallowly comical,
up to 80 ym thick. Exciple 20-40 um thick. Ascospores eight, 6}-104 um

X 44~ 7 ym. Pycnia mot seen.
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Contains usnic aecid in the upper cortex, and norlobaridone in
the algal layer aud medulla.

The placement of this lichen in Xanthoparmelia is somewhat
tentative as the apothecial structure differs from the norm. The
subbymenium s thick and cone shaped, and the exciple is thin and poorly
developed, compared to the equivalent structures in a typical

Xanth Tl i An al ive treatment would be to place

the species in & genus in the Lecanoraceae Fée. In southern Africa,
bath Neofuscslia and Yamthoparmelic extend into the domain of the
Lecanoraceae as presently understood, However, the habit of this
species is very reminiscent of a Xanthoparmelia.

X. ralla is most similar to X. heteredowa in morphology, but the
latter differs in containing evernic acid, Neofuscelia applicata (Stiz.)
Essl. has the sume medullary chemistry but contains no acetone
extractible substances in the upper cortex, but rather a brown
amorphous pigment (Essiinger, 1973).

Specimens examined: 3219AC, )2 km WNW of Algeria, om IMS, alt. 760-915 m,

768 11-1=5; 3321AD, Seven Weeks Poort near Ladismith, on TMS, alt, 915-

945 m, 772 11-3-3pp, 772 11-3-4kpp, 772 11-3-6pp, 772 11-3-7,

Xathoparmelia soabrosa (Tayl,) Hale

Plate 24C; Fig, 7. (p.191).

Hale (i974) Phytolegia, 28 (5): 488,

Paymglia scabrosa Taylor (1847) Lomdon Journ. Bot., §: 162.
Holotypust! Australia, Swan River, Mr, Jemes Drummond,
1843,  (¥H! Isotypi in BM!) Ses Kurokawa (1989)

J. Hattord Bot. Lab., (32): 211-212, for aynonomy.
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Thallus foliose; tightly adnate; on rock. Lobes elongate;
evenly appressed, contiguous, §~3 mm broad, 80~250 ym thick. Upper
surface green; emaculate; dull to glossy at some lobe tips; isidiate,
with isidia cylindrical to clavate, 0.03-0.1 mm thick by up to 0.4 mm
long; esorediate, Lower surface pale brown; moderately rhizinate.

Apothecia not seen.,

Pyenia 100~150 pm in meen diameter. Pyenoconidia mot seam.

Medulla vhite; K-; KO+ xose; C-j -,

Chemistry:~ Usnic acid and norlobaridone.

This uncemmon species was collected only ewice im the Northern
Karoe {1.4.1), but is probably widely distributzd in the interior of
South West Afxica. It has been reported for Austvaliz and Japan
(Rurokawa, 1969), New Zealand (Greem and Snelgor, 1977; Galloway, 1979},
and South Africa (Hale, 1971). X, scabosa carpot be mistaken for mmy
other Karoo species, because of the isidia and cha chemistyy. WNo mom—
isidiate counterpart is kmown in the study area. The only other -vecies

containing norlobaridone is the crustose X. al...

Specimens examined: 2017AC, Slidwesafrika, Hassevbery bei Windhoos,

auf Schiefer, Leg. Fincke. W (19i1) 3787 (tolotrpe of .z2eanova placodira.

Zahlbr. = Lecanora diminuta (ill. Arg.) Stiz.): 28270, 86 km WNW of

Upington, on granitic rock, alt. 760-920 m. 7721 t=-3~I; 2821CC, 10 km

S8E of Keimoss, on granite, alt, 760-920 m, 768 8~6=3.

Xanthoparmelia schenokiana (Mill. Arg.) Hale
Plate 314, ond B; Fig. 28. (p. 195),
Hale (1974) Phytologia, 28 (5): 489,
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Parmelia schenckiana ¥iller Argoviensis (1888) Flora, 71: 529.
Holotypus: Obib, in der Nihe des Oranje River, Gross
Namaland, Afr. oceid. A. Schenck n. 542.

com. Dr. Schinze 1888 (G!)

Thallus folicse, tightly but sometimes moderately adnate; on rock;
up to 12 cm across. Lobes elongate to very elongate; evenly appressed;
discrete to contiguous; 1}~7 mm, but prominercly 4-6 mm broad; 150-400 ym
thick. Upper surface yellow-green; emaculate; minutely felty to coarse
pruinose (plate 31B); with the epicortex rudimentary; neither isidiate
nor sorediate. Upper cortex 2060 ym. Algal layer 20-80 wm. MNedulla
80-300 ym. Lower cortex 10~20 ym. Reverse surface black; sparsely to
moderately rhizinate.

Apothecia very frequent; when present, sparse to abundant;
substipitate; up to | cm acrossj suburceolate to shallowly cupped.
Bymenium surface black, commonly fine whire pruinose as well. Hymenium
50~70 ym. Subhymenium 10~20 pm. BExciple 30~70 ym. Ascospores B per
ascus, 74-114 um X 44~7 ym (60/2). Pycnia 100200 pm in mean diameter.
Pycnoconidia commonly 8-10 pm, but occasiomally up to 12 pm long.

Hedulla white, often dirty orange to rusty brown Cowards the
lower cortex of the iaterior leobes; K~; KC+ pale wine rose, fading;

C~; P+ orange to orange-red, with the pigmented portions K+ purple.
Chemistry:~ Usnic and protocetvavic acids with or witheut the two
pigments gsch-l and sch-2.

X, schenckiana is common in, and is a distinctive species of the
Karoo, but is uncommon im the Northern Karoo (1.4.1). It is closely
related to X. coloraia, whicli differs in containing salazinec acid, and c
in having a more restricted distribution on the wegtern and southern

wmarging, Both are surprisingly constant in growth habit.
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In the south asst of the study area, this species may resemble

X, subeorswrsa, which may alse contain protocetraric acid as the sole

medullary constituent. However, X. eubgonspersa is moderately to

loosely adnate, with a pale brown reverse surface, at least in the.centre.
The obverse surface texture and apothecial habit alse differ. X. psoromifera
aud ¥. schenckianz may look alike, but the former is distinct from the
latter in chemistry, containing psoromic acid (P+ yellow). The South
American X, flavobrumnea (Miiil. Arg.) Hr :, is reminiscent of X.

schenckiana and X, colowata, but has a pe~culiar lower surface, being

black wi h an ash-g wash (prui 7). The is

minutely felty throughout, and is grey-greea (glaucous) in colour due
to atranorin and uenic acid in the upper cortex.

. Specimens examined: 281684, Obib, in der Mihe des Oranje River, A.
Schenck n, 542, com. Dr. Schinz, 1888. (G); 2821CC, 29 km SSE of Keimoes,
Piet Rooisberg, on pink granite, alt. 940-1040 m, 768 8-5-1; 29178D,
29 !m W of Springbok, Vrieskloofhoogis/Ratelpoort, on white gneiss, alt.
880-940 m, 772 2-4-23; 2919AC, 40 km SW of Pofadder, Nemiesberg, on
quarteo-felspathic rock, alt. 960~i04C m, 772 3-2-1, 772 3-2-2; 3017BD,
19 km § Ramieskroon, Karkams,on granitic rock, alt, 760-790 m, 772

9-2-12 (fragment); 3018CA, 20 ka 3SE of Garies, on gneiss, alt. 360-380 m,

772 9~1-17; 3018D4, 10 km § of Kijprand, on granitic rock, alt, 780-800 m, '
768 9-7-1, 768 9-7-2; 3019CD, 6 km S of Louriesfontein, Kubiskouberg,

on dolerite, alt. 880-900 m, 772 3~4~2pp, 772 3-4~5, 772 3-4-24; 3021DD, i

15 km W of Carmarvon, on Ecca siltsrome, 1220~1370 m elev,, 768 7-1-1,
768 7-1~2, 768 7-1-3; 3022CC, 24 km MW of Carnarvom, on delerite, alt.

1130=1170 m, 772 1623, 772 16-2-5; 3022CD, 18 km N of Carnarvon, on

dolerite, alt, 1280-1310 m, 768 6-5-3; 3120AD, 53 %m W of Williston, on
dolerite, alt, I 1070 m, 772 30~1-3, 772 10-1-h, 772 10-1-5; 312088,

24 km W of Williston, on dolerite, alt. 1070-1220 m, 768 7-5-3;
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3120BC, 34 km W of Williston, Jan Swartsberge, on dolerite, alt.
1170-1200 m, 772 10-2-1, 772 10~2~6, 772 10-2-7; 3120CA, 48 lm MW of
Middelpos, en dolerite, alt. 915-1220 w, 772 4-1~ipp, 772 4-1=5pp, 772
4-1-9; 3120CD, 12 km ESE of Middelpos, on Beaufort mudstene, alt. 1250~
1280 m, 772 4-7-8, 772 4=2~16, 772 4~2-23pp; 3121CB, 27 km MV of

‘b on Beaufort alt. 1250~1265 m, 772 10~3-2, 772

10-3-3, 772 10~3~4pp, 772 §0-3-Spp, 772 10-3-6; 3122AD, 3 km MW of
Loxton, on Beaufart mudstone, alt. 1370-1525 m, 772 15-4-5, 772 15~4-10,
772 15-4~17; 31228D, 27 km W of Victoria West, on dolerite, alt. 1350-
1400 m, 772 15-3~5, 772 15-3~16, 772 15-3-20; 3123CC, Three Sisters, on
dolerite, alt. 1140-1240 =, 768 12-4-1; 3124DD, Lootsberg Pass half-way
between Graaff-Reinet and Middleburg, on Besufort mudstone, alt. 1800 m,
772 15-2~}, 772 15~2-3pp, 772 (5-2~7, 772 15~2-8, 772 15-2~19; 32194,
34 km NE of Clanwilliam, Kiipfonteinrant, on TMS, alt, 300-460 m, 768
10~3-13 3219CB, 51 ki SSE of Algeria, Grootrivierhoogte, on THS, alt.
815920 wm, 768 11-2-3, 768 11-2-6pp, 768 i1-2~10, 768 11-2-12, 768
ti-2-16pp; 3220DC, 60 km SW of Sutherland, Tanqua river vailey, on
dolerite, slt. 820~850 m, 772 4~3-1, 772 4-3-6pp, 772 4-3-7; 32200C,

34 km ¥ of Matiiesfontein, Turck's Pass on Ecca shale, alt, 1200-1235 m,
772 4=b~4, T2 b-4-Gpp, 772 4-4~15; 3221BA, 16 km SSE of Fraserburg,
Zsai Klipheuvels, on dolerite, alt. [400~1430 m, 772 10~4~2pp; 33193C,
46 km ENE of Ceres, on Bokkaveld shale, alt. 920 m, 768 11-3-14, 768
H~3-16, 768 11~3~17; 3321AG, 38 lm SE of Laingsburg, on Bokkeveld shale,
alt. 610-760 m, 772 11-2-5pp; 3322BB, S8 lm WM of Willowmere, on Eeca
shale, alt. 760-915 m, 772 14~2-1, 772 14~2-2, 772 14~2-3, 772 14~2-4pp.
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Xenthoparmelia squamatica sp, nov.
Plate 36B; Fig. 26. (p. 189),

Thallus crustosus; in rupibus; usque ad 5 om diametzo; areolatus,
sed peripheriam versus lobatus. Lobi elongati, usque ad 2 zm longi~
tudinibus; comtiguii 0.2-0.7 mm latl; 100~300 um crassi, Areoli 0.2-1.3 mm
diametris. Pagins superior flavovirens; emaculata} minute coactata, vel
heberats; sorediis isidiisque destituta, Cortex superior 10~20 pm crassus.
Stratum algarum 30-80 um orassum. Medulla 60-200 um crassa. Corte™
inferdor (0~15 wm crassus, Pagina inferier ptaetér ad apices loborum
destituta; pallide fusca; rhizinis destituta.

dpothecia non visa, Pyenia parve, cirea 30 ym dismetris.
Pycnoconidia 7-1! ym longa.

Medulle albs; K+ leviter luteay KC-j G-j 3 valde cyano-nivea
in 000 fluerescens. Acidum usnicum in cortice guperiors et acidum
squamaticum in medulla continena.

Holatypus: South Africa, Cape Province, district Clanwiliiam,
321944, 20 km ENE of Clanwiliiaw, top of Pakhuis Pass, on Table Mountain

sandstone, alt. 880~915 m, 772 8-2~1 (Iaotypua: 772 §~2-B).

Thallus crustesej on rock; up to 3 em in diameter; areolate, but
lobate towards the periphery, Lobes alongate, up to 2 mm in length;
contiguous; 0,2-0.7 sm broad; 100-300 um thick. Areoles 0,2-1,3 mm in
diameter. Upper surface yellow-green; emaculate; minutely felty, or
dulls esorediate and non-isidiate. Upper cortex 10-20 ym thick. Algal
layer 30-80 ym thick. Medulla 60-~200 ym thick. Lower cortex 10-15 pm
thick. Lower surface ouly under the Lobe tips; pale grey-brown;
without 1hi ines.

Apotheeia not seen, Pycnia small, dbout 50 um in diameter.

Pyenoconidia 7~11 um long,
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Medulla white; K+ light yellow; KC~; C-; P~; strongly blue—
white fluovescent in UV U, Usnic aeid in the upper cortex and
squamatic acid in the medulla.

This species resembles X. adhaerens in morphology, but is
eagily distinguished from the latter and other crustose species by the
strong blue-white fluorescence of the medulla ir longwave UV. One
strain of X, hypomelasna contains squamatic acid as an accessory
substance, but this is s foliose species of the X, Ahypoleta group, and

is unrelated to X. squamatica.

Xanthoparmelia subconspersa (Nyl.) Hale
Plate 21; 22C, and D; 234, and B; Fig. 29. (p. 203).
Hale {1974) Phytologia, 28 (5): 489,

Parmelia subeonspersa Nylander (1863) Flora, §2: 293.
Lectatypus: Ins. Borbonia. (H-NYL 34702bl).

Parmelia mutabilis Taylor (1847) Loud. Jourm. Bot., §: 171-172,
{non Fries)
Holotypus: 5 Rocks, Uitenhage, Zeyher (FH!)

Parmelio. austroafricana Stirton (1877) Trans. Glas, Soe. Field
Nat., §: 212-213,
Holotypus: South Africa, Somerset East, Klyn Visrivier,
Prof. P. MacOwan, ¥-. (Crypti) 507, 1874, (GLanM!).

Pgrmelic pheophuna Stirton {1877) Trans. Glas. Soc. Field Nat.,
51 214-215,
Holotypus: South Africa, Somerset East, Prof. P. MacOwan
{GLAM!)
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Parmelia ph var Stirton (1877) Trans. Glas.

Soc, Field Nat., 5: 215,

Holotypus: Ad rupes viparum, Fluvum Kiyn Visch Rivier juxta
pagum Somersct East, (0BS) Legit. MacOwan LXXIV No.
(_Crypr,i) 508 (GLAM!)

Parmeli. ! vax toana (Stirt.) Stizenberger

(1890) Ber. Thatighk. St, Gall. naturw, Ges., 1888-89: 152.

2 P war (Myl.) B. Stein apud Meyer
{1890} Ostafrikanischen Gletscherfahrten p. 360.

Orphalodiun metabile (Payl.) Minks (1900) Mém, Herb, Boiss.,
(21} 1 86-87.

Imbyicaria euboonapergx (Nyl.) Jatra (1902) Waove G. Bot. Ital,,
(nuova ser.), §: 470.

Parmelia terricola J, Steiner at Zahlbriickner apud Zahlbrickuner
(1926) Bot. Jabrb, Syst.
Pflanzengesch. Pflanzengeogr., §07 510-511.
Holotypus: Kapland, #lgel bel Port Elizsbeth, auf Erde,
J. Brumathaler, 20,[1.1909 (& (1931} 9351))

Barmelia protomatvae Gyelnik ((931) Feddes Repert. Specierum
Yov. Regui Veg., 20: 395.
Holotypus: Hungaria; Prope Budapest, in moute
Vadf118kévek, ad rup, vuleanic (Krog, (978).

P 2 £. terricola (J, Stein. et Zahlbr.) Gyelmik

4

(1936), Aun, Mus, Matn. Hungariei, 30: 128~i29.
Parmelia oevesina Vainio ex Lynge (1937) Rev. Bryol, Licheual.,

10+ 87-89,

Bolotypus: Africa, Cape Prov'nee, Ceres. T.B. Leslie,

1924, (Hb Vain, 34574) TUR-VAIN 33498}
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Parmelia digitatula var esawicolaz Gyelnik (1938) Sydowia inn.
Mycol., 36 {4): 276.
Holotypus: South Africa, Wolseley, on the ground. Leg.
AE. v.d. Byl (P.A. v.d. BijL 1144) W1

Feame i Fivi £, wieola (Gyel.) Gyelnilk (1978) Amn.

Mus, Natn. Hungariel (Pars Bot.), 31: 22.
L £. (Srirt.) Gyelnik (1938) Anu. Mus,

P

Natn, Hungariei, {(Pars Bot.), 31: 36.

Parmelia taylopi Dodge (1959) Am. Mo. Bet, Gard., 46 60~61
(as nom. nov. for P, mutabilis Tayl.)

Farmetia stenotsra (Stirt.) Dedge (1959) Amn. Mo. Boc, Gard.,
461 73.

Paymelia urightii Dodge (1959) dnn. Mo, Bae, Gard., 45: 128.
Holotypus: Rocks. C.B.8. U.S.A. Pac. Expl. Exp. C. Wright.
In bb. Tuckerman, sub P. comspersa (IR!)

JYanthoparmelia auwstroafricana (Stirt.) Hale (1974) Phytologia,
28 (5): 486,

Xanthopayme™ 'z protomatyag {(Gyel.) Hale (1974) Phytologia, 28

{(5): 488.

Thallus foliose; moderately to loosely, but sometimes rather
tightly adnate; om rock; up to 15 cm across very wariable in appearance;
with o moderate habit range. Lobes clongate, vary elomgate to sublinear;
uniformly appressed to ascending; contipuous to highly imbricate;
0.3~10 mm broad; 80~700 um thick. TUpper surface yeliow-green to green;
emaculate to faintly maculate; dull to glassy; pored epicorkicate;
non-isidiate and esorediate. Upper cortex 10-30 pm. Algal layew 2060 pm.
Medulla 40~600 ym. Under cortex 5-I5 um, but becoming thicker and less
well differantiated in the imkerior (20-30 um). Uower surface pale browm,

but becoming chestnut brown to black on the terminal lobes, to sometimes
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extensively blackened in a variously broad outer gonej with rhizines
abundant tc absent, small to ccarse, passing into holdfasts,

Apothecia common; when present, sparse to abundant; substipitate;
up to 2 om across; shallowly cupped. Hymenium 40-60 ym. Subhymenium
5-20 um. Bxciple 20-80 yu. Ascospores [6-] 7-104 [-14] ym % [34] ~4}-
64 [-7] wm 42/11).

Pycnia 100~200 ym in average dismeter. Pycnoconidia 5-8 ym long.

Medulla white, but becoming yellow-crange on the lower cortex of

some spacimensi containing fumas ie, p ic and
succinprotocetraric acids, less frequently with small amounts of
physodalic and viremsic acids, in varying proportlons and combinations;
(a) of specimens comtaining protocetiaric acid omly; K~; KC+ pale rose,
fading; C-; P+ orange to red; (b) of the remaining spscimens; K~ at
first, then gradually becoming a dingy orange (rarely a pure orange
colour) to dingy-red over a period of a few minutes; KC no change, or
bleaching the initial K reaction somewhat, or darkening slightly then
fading, when protocetraric acid is additionally present; C-; P+ red to
blood-red, In asddition, some specimens with the yellow orange pigment,
skyrin, are K+ violet on the Lower cortex, and all specimans contain
usnic acid in the upper cortex.

This is a very widespresd spacies oucuz:ing throughout at least
the eastern part of Africa, It is common in the southern and marginal

areas of the Karoo, and is very common in the Easterm Cape, Transkei and

the kensb, The major variation in rhis species occurs as lobe
width, lobe thickness, and angle of lobe elevation, with adnation
falriy constant. The amount of blsckening on the :everse surface is
alse variable, us is the thallus texture, brittle to leathery. Broad
lobed specimens may resemble some eciliate, imperforate Fammotrema

species, bub the ascospores ace smaller, comsonly 5-10 ym X 5~6.5 um
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and pale undersurfaces are infrequent in this gemus. (Hale, 1965;

Winnem, 1975).

ic acid is most qs with ox

without proto- or fumarprotocetraric acid or both and sometimes with
traces of physodalic and/or viremsic acids. Protocetraric acid has

been fourd alone, or with fumar- and/or suceinoprotocetrarie acid.

Fumar iec acid was i in the present collection,
oecurring with succinoprotocetraric acid amd sporadically with
protocetraric acid,

X. subconspersa and X. chalybaeizans may look alike on occasion,
but the latter is immediately K+ yellow or yellow-orange and contains
salazinic arid and the “chalybaeizans unknown”. X, chalybaeizans has
different morphological tendencies and is more variable than this

speries. The holotype imen of X. hyporhy is reminiscent of

some ascending lobed forms of X. subconspersa found on the westera
and southern margins.

Specimens examined: 2821CC, 29 km SSE of Keimoes, Piet Rioisberg, on

soil at the base of a granite outcrop with Dermatocurpon sp., alt.
940~1040 m, 768 8-5-3pp, 768 S~5-8pp; 2917BD, 29 km N of Springbok,
Vrieskloofhoogte, oun white gneiss, alt. 880-940 m, 772 2-4-19; 3017BB,
19 km 8 of Kamieskroon, Karkams/Garagams, on granitic weck, alt.
760-790 m, 772 9-2-8, 772 9~2=14, 772 9~2-16; 3018CA, 20 km SSE of Garies,
on gneiss, alt. 360-380m, 772 9-1~13, 772 9-1-20, 772 9~1-33; 3018DA,
10 km $ of Kliprand, on granite, alt. 780-800 m, 768 9-7-3; 3013CD,

6 km S of Louriesfontein, Kubiskouberge, on dolerite, alt. 880-900 m,
772 3-4=7, 772 3-4=12, 772 3~4~18, 772 3-4~21, 772 3-4-22; 3023BA,

22 km § of Strydeaburg, on dolerite, slt. 1100~1130 m, 768 5-3-4;
31194, 42 km NE of Vanrhynsdorp, halfway up Vanrhyns Pass, on TS, alt.

460-610 m, 768 10~1~18; 3119AC, 45 km NE of Vanshynsdorp, top of Vanrhyns
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Pass, on TMS, alt. 800 m, 768 10~2-2, 768 10~2-23pp, 772 9-3-10;
31208C, 34 km W of Williston, Jan Swartsberge, om soil umder & rock,
1170-1200 m elev., 772 10~2-10; 3123CC, Thres Sisters, on dolerite,

alt. 1140-1240 m, 768 12-4-3, 768 12-4-17; 3124DD, Lootsberg Pass,

halfway between Craaff-Reinet and Middleburg, on Beaufort mudstone,

772 15-2~9, 772 15-2-12, 772 15~2~14, 772 15-2-18, 772 15-2~27; 321888,
1t km NE of Clanwilliam, Pakhuis Pass, on TMS, alt. 610-670 m, 772 8-3-2pp,
732 8-3-hpp, 772 B-3-8, 772 8~3~13, 772 8-3~16, 772 8-3~18, 772 8~3-20;
3218BD, 26 ku § of Clewwilliam, Olifamts river valley, on TMS, alt.
400-600 m, 772 8~1~2, 772 §~1-7, 772 8-1-Bpp, 772 B-1-113 321984, 36 tm
NE of Clanwilliam, Klipfonteinrant, alt, 300-46Q0 m, 768 10-3~4, (on
Omphalodium hottentotium (Ach.) Flot.), 768 10~3-9 (on soil), 768 10-3~10
(on TMS), 768 10-3-1] (on TMS); 321944, top of Pakhuis Pass, on TS,

alt, 880-915 m, 772 B~2-10, 772 8-2-16, 772 8-2-i7; 32194C, 12 km WNW

of Algeria, Rondegat river walley, on ™S, alt. 760-915 m, 768 11-)-1;
3219CB, 50 km SSE of Algeris, Grootrivierhoogte, on TM quartzite, alt,
850-915 m, 768 [1~Z-4pp, 768 11-2-5, 76& 11-2~6, 768 11-2-8pp, 768
11-2-9, 768 11-2-16pp; 3220DC, 60 km SW of Sutherlana, fanqua river

valley, on dolerite, slt. 820~850 m, 772 4~3-3; 3220DC, 34 ka N of

Matjiesfontein, Turck's Pags, on Ecoa shale, alt, 1200~1235 m, 772 4-4-2pp;
3221B4, 16 km SSE of Fraserbuvg, Zaal Klipheuvels, on dolerite, alt,

1400~1430 m, 772 10~4~13 (unusually thick lobes); 3221BA, 37 km SSE of

Fraserburg, Teekloof, on Beaufort mudstone, alt. 1160~1220 m, 772 )0-5-8,
772 10-5~9, 772 10~5-12, 772 10~5~15; 3224BC, 6 km 8W of Graaff-Reinet,
Munnikspoert, on Beaufort mudstone, alt. 810-825 m, 772 [5-1-9; 3319BC,
4kn ENE of Ceres, ou Bokkeveld shale, alt, 920 w, 768 11-3-3 (0;1
soil), 768 11-3-9, 768 11~ -(8; 33214D, Seven Weeks Poort wear
Ladismith, on TMS, alt. 915-04 m, 772 11-3=11, 772 li=3=14, 772 1i~3~17,

772 11-3-22, 772 11-~3-23, 772 11~3-35, 72 11-3-36, 772 11-3-42;
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33204C, 18 ki 3 of Prince Alberv, fop of Swartberg Pass, on THS, alt.

1700 m, 772 1. -1-8pp, 772 11-1-11; 33298C, 18 km N of De Rust,

Meiringspoort, ou Bokkeveld shale, 640-730 m elev., 772 14~1-20,

Xonthoparmelia gubdeciviens (Vain. ex Lynge) Hale
Plate 27C, and D; Pig. 30. (p. 207).

Hale (1974d) Phytrologia, 28 (5): 489.

Parmelia oubdesipiens Vainio ex Lynge (1937) Rev, Bryol.
Lichenol., 10: 89-50.
Holotypus: Cape Provinea, Klapmuts, saxicole, P.A. v.d,
Bijt (Wb. Vain. 34577, T VAIN!
Pamelia brumthaleri £. irveqularis Gyelnik (1938) Sydowla
Ann, Myeol., 3§ (4): 270,
Holotypus: South Africa, district Calvinia, Reoidan
Leg. P.A, v.d, Bijl, 1122 (W (1935)-1)
Parmelia ctroventralis Wale (1971) Bot. Not., 124: 346, Fig. 1B,
Holotypus: Basutoland, Div. Qachas Nek, Black Mt. Leg.
L. Kofler, 6-2-1963 (L)
Xanthopermelia atvoventralis (Male) Hale (1974 ) Phytologia
28 (5): 486.
ia trrequiaris (Gyel.) Rurokawa apud Rurokava et Filson

(1975) Bull. Natl. Sci, Mus. Ser. B (Bot.) I (I): 4L,

Thallus Foliose; loosely o tightly adnatej on rock, occasionally
on soil and debris; up to 12 cm across. Lebea elongats to very elongate;
centiguous to imbricate; j~4 mwm broad; 100-250 um thick, Upper surface
green or somatimes yellow-green; emaculate; dull to glossy; pored epi-
corticate; neither isidiate nor sorediata. Upper cortex 15-20 ym. Algal

layer 20-60 pm. Me'ulla 50180 pm. Lower cortex 5-15 ym, Lover surface
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pale bruw.. to black; with rhizines sparse to moderately abumdamt.
Apothecia frequent; when present, sparse to plentiful;
substipitate; up to 8 mm across; shallowly cupped. Hymenium 40-60 um.

Subhymenium 515 um. Ex v %e 20~50 ym. Ascospores 8 per aseus, 7412 ym

X 447 pm (143/4). “  : . 00 ym in meen diamecer. Pycnoconidia
37 ym long.
Medulla white; k=57 . =3 P-.

Chemistry:~ Usnic acid in the obverse cortex, subd-i and many o. all of
the other unidentified aliphatic substances in the medulla.

This species is widespread but sporadic in the Karoo, but is
more frequent on the southern mergin. The species appears to be
conservative in habit variation, but does tend to develop narrower lobes
at moist localities. Nevertheless, the under surface colour varies from
pale brown to black, This species iz distinctive in its chemistry, and
does not resemble any other species closely. The tentative isidiate
counterpart X, globulifera, is similar in appearance, but is isidiaste,
is always pale brown below, and has r vonsistently different aliphatic

acld chemistry.

Specimens examined ( i with pale are indicated with
a (P), those with black undersurfaces with a (B), and those undecidedly

Gark brown to black with a (2/B): 29198C, 32 km SSE of Pofadder, on

quartz, alt. 1040-1050 m, 768 9-4-2(F); 2921AC, district Keshardt,
Rooider mear Kenharde, .4, v.d, Bijl 1122, W (1935)-(F); 2929CA, Black
Mountains, distr, Qachas Mek, Lesotho. Kofler 6-2-~1963, LD (8)3

3028B4, Qachas Nek near Matatiale, on Clarems {Cave) sandstone, 765 29-1(?);

312083, 24 km 8V of Williston, on dolerite, alt. 1070-1220 m, 768
7-5-4 (F[B); 3i23¢C, Three Sisters, on delerite, 1140~1240 m elev., 768

12-4~2 (B); 3124DD, Lootsbery Pass, halfway between Middleburg and i

Graaff-Reinet, on Be.ufort mudstone, alt. 1800 m, 772 15-2-10 {8);
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321984, 34 km NE of Clanwilliem, Klipfonteinrant, on THS, alt, 300450 m,
768 10-3-5 (2); 3220DC, 60 km SV of Sutherland, om dolerite, alt.

820-850 m, 772 4~3-bpp (P); 3318DD, Klapmuts, 2.A, v.d. Bijl (ib. Vain.

34577, TUR-VAIN) (P); 3321AD, Seven Weeks Poort near Ladismith, on TMS,
alt. 9f5-945 m, 772 11-3~1 (B), 772 11-3~20 (P); 3322BC, 18 km N of
De Rust, Meiringspoort, un Bekkeveld shale, alt. 640~730 m, 772 14~1-2 (P},

772 14-1-16 (B), 772 14~1-21 (B).

Xanthoparmelia subramigera (Gyel.) Hale
Plate 24D; Fig. 27. (p. 191).

Hale (1974) Phytologia, 28 (S): 489,

Parmelia subramigera Gyelnik (1931) Peddes Repert. Specierum
Nov, Regni Veg., 29: 409.
For typification and synonowy see Hale (1964)

Bryologist, 67: 471~472.

Thallus foliose; moderately to loosely adnate; on rock. Lobes
elongate; imbricate; 1=4 mm broad. Obverse surface green; non-maculate;
dull to glogsy; cosrse isidiate, isidia 0,1-0.3 wm thick and » to 2.5 mm
high, with the very tips breaking off cleanly; esorediate. Reverse
surface pakl. brown; mederstely rhizirnate.

Apothecial scarce; substipitate; up to 4 mm across; shallowly
cupped, Pyenia not seen.

Medulla white; K~ then slowly becoming dingy orange; C~; P+ red.
Chemistry:- Usnic acid in rhe obverse cortex, succinprotocetraric acid,
and traces of physedalic and vizensic acids, in the medulla.

According to Hale (1964) this species is widespreaa in the
tropics and subtropics. It was collected once in the Northern Karco

(in the Namiesberg) and is otherwise sbuent. It was also reported sbsent




from ths Sonoran Desert in ~izona, an area with a similar climate to
the present study area. The non-isidiate counterpart could be
considered to be X. subconzpersa, but this species is plentiful in the
¥acoo.

Specimens examined: 2919AC, 40 Tm SW of Pofadder, Namiesberg, om

quartzo-felspathic rock, alt. 960~1040 m, 772 3-2-10, 772 3-2-12,

Xenthoparmelia basmenice (Hook. £, et Tayl.) Hale
Plate 248; Fig. 31, (p. 211),

f Hale (1974) Phytologia, 28 (3): 489,

rarmelia tasmanica Hooker et Taylox (1844) Lond, Joura, Bot.,
31 644-645.,
Holotypus: Van Diuwons Land, Gunn FH!

Parmelia ineist Taylor (1847) Lond. Journ, Bot., B 162 (non
Fries (1825) Syst. Orb. Veg., p 284).
Holotypus: Swan River, Mr. Jan. ¢ Drumond, 1843,
(FH; Isotypi BM!).

Parmelia eynestia Stirton (1877) Trams, Glas, Soc. Field Nat.,
5: 214,
iolotypus: Sou..s Africa, Cave ', J.H. Mckea, On Mossy

St:nes (No 413) (GLAMI)

R A

B 1z p vor lgma Miller-Argoviensis (1843) Flora,
661 4748, |
Lectotypus: Upper Ovens River. Hrs. McCann, 1882 (6f) i

Purmelia suboonspersa var inofea (Tayl.) Stizerberger (1890)

i Ber. Thatigk. St. Gall. naturw. Gesell., 1888-89: 153, '
:
| Imbricaria conepersa var laxa (Mill. Arg.) Jatta (1902) Nuovo

6. Bov. Iral. (Huova ser.), 9: 470.
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Parmelia conspersa var inctsa (Tayl.} Zahibriickner (1929)
Cat. Lich. Univ., 6: 132,

Parmelia lowe (Mill. Arg.) Gyelnik (1935) Ann. Mus. Natu.
Hungerici (Pars Bot.), 29: 26.

Parmelia conspersq var oynestic (Stirt.) Gyelnik (1938}

Ann. Mus. Natn. Hungarici, (Pars Boc.), 3L: 41.

Thallus foliose; moderately to loosely adnate; on rock, soil,
plant debris and mosses; up to 10 cm across. iobes elengate ko very
elongate; diserete to imbricate; 0.3 to 5 mm broad; 100320 pm thick.
Upper surface green to yellow-green; emaculate, but sometimes fafntly
maculate; dull to glossy; pored epicorticate; non-isidiate and esorediate.
Upper cortex |5-30 ym, Algel layer 20-60 wm, Medulla 50~250 wm. Under
cortex 10-15 ym. Under surface black; scantily to moderataly rhizinate;

Apothecia frequent; when present sparse to numerous; substipitate;

up te 1.5 em across; shallowly cupped. iom 4C-60 wm,
10-20 ym. Exciple 40-80 ym. Ascospores 8 par ascus, 7412} [-14] um X
4=64 wm (51/3). Pyenis 100-200 ym in wean diameter. Pycnoconidis

5-8 ym lomg.

Medulla faint pink; K+ yellow then turning blood-ved; C-; F+
orange.

Chemistry:~ Usnic and salazinic acids with accessory norstictic aeid.
Skyrin is also sporudically present nehr and on the-lever cortex.

X. tasmanica displays a relatively moderate range of foliose
thallus habits, It is found at moister localities on the western margin
and in the southern part of the Karco, and is somewhat cosmopolitan,
This species was found to be rare in the Souoran desert in Arizona

whereag the pale X, ica (Kvemp.) Hale,

was fairly common. In the Karoo X. tasmanicq is coumon at moishet

sites and X, taractieq is absent, all K+ red specimens with pale
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being X. chalybaer; . The latter species has a different

habit range to X. tasmanica, within the study area.
Specimens examined: 2917BD, 29 km N of Spriagbok, Vrieskloofhoogte/
Ratelpoort, on white gneiss, alt. 880~940 m, 772 2~4=13, 772 2-4-16}
3018CA, 20 km SSE of Garies, on gneiss, alt. 360-380 m, 772 9~1-34pp;
3019CD, 6 km S of Louriesfontein, Rubiskouberge, on dolerite, 880~300 m,
772 3-4=8, 772 3~4~11, 772 3~4=14, 772 3~4=1Spp, 772 3~4~20, 772 3~4-26;
3119AC, 45 km NE of Vanrhynsdorp, top of Vanrhyns Pass, on TMS, slt. 800 m,
768 10-2-3, 768 10~2-15; 31200D, {2 km ESE of Middelpos, on Beaufort
mudstone, alt. 1250-1280 m, 772 4=2-1, 772 4=22, 772 4=2-4,

772 4-2-9, 772 4~2-12, 772 4=2~14A; 3219AA, 34 km NE of Clanwilliam,
Klipfonteintant, on ™S, alt, 300-450 w, 768 10-3-8, 768 10-3-9pp;
321944, 20 km ENE of Clanwilliam, top of Pakhuis Pass, on TMS, alt.
880-915 m, 772 8~2~8, 772 8-2-12, 772 8-2~15; 32200C, 34 km ¥ of

Matjiesfontein, Turck's Pass, on Ecca sghale, alt. 1200-i235, 772

bebm1, TT2 4l=2, 172 4~4=3, 772 4 &~13; 3221BA, 16 km SSE of Fraserburg,
Zaai Klipheuvels, on dolerite, alt. 1400~1430 m, 772 10~4~i1, 772
10-4-12; 3319BC, 46 km ENE of Ceves, on Bokkeveld shale, alt. z 920 m,
768 11~3~2, 768 11~3-3pp, 768 11-2~4; 3321AD, Seven Weeks Poort near

leuismith, on TMS, alt. 915-945 m, 772 11-3~i8pp; 3322AC, 18 km S of

Prince Albert, tcp of Swartbery Pass, on TMS, alt. 1700 m, 772 11-1~13,

Xanthoparmalia worcester: (J. Stein. et Zahlbr.) Hale
Plate 26C; 30; 35C and Ds Fig. 32. (p. 213).

Hale (1974} Phytolegia, 28 (5): 480

Parmelie worcesters J. Steiner et Zahlbriickner apud Zahlbriickner
(1926) Bot. Jahrb. Syst. Pflanzengesch, Pilanzeugeogr.,

603 311-512,
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Helotypus: Kapland, Worcester, Hugel ndrdl. d, Ortes,
Schiefer, 250-300 m. J. Brunnthaler 7,71.1909
W (1931 83951

Parmelia lecanorieq Bale (1971) Bot. Not., 124: 350, fig. 3B,
Holotypus: North-east of Clawwilliam, Pakbuis Pass,
Cape Province, South Africa, 0. Almborn 4531, 12 Sept.
1953 (LD, Isotypus US)

Xanthoparmelia lecanoriea (Hale} Hale (1974) Phytologia, 28
(5): 488,

thallus foliose to sometimes subcrustose; tightly to very tightly
2; on Tockj up to 10 em across. Lobes elongate; e "v’Y appressed:
suntaguous; 0,24 mm broad; 60250 pm, but seme central L "

. arevles of subcrustose specimens up te 500 ym thick, Upper surface green
to yellow-green; emaculate; dull becoming glossy at the lobe emds of all
folioge specimens, but minutely felty becoming coarse~pruinose at the lobe
ends of most subcrustose specimens; with the epicortex pored to
rudimentary; neither isidiate nor sovediate, Upper cortex 15-30 pm.
Algal layer 20-60 ym. Medulla 20~150 ym. Under cortex 10-20 pm, Under
surface pale brown to black; with rhizines sparse to modevately plemtiful,
rudimentary on subcrustose specimens.

Apothecia very frequenm:y when present, sparse to abundant, adnate
to substipitate; up to 5 am across; flat to shallowly cupped. Hymenium
40~60 ym. Subhymenium jO~15 ym, Esciple 20-50 um. Ascospores 8 per
asaus, 63-11 ym X 4-64 ym.

Pyenia 50~150 ym in fean diameter. Pyenoconidia 5-8 pa lony,

Medulia whitej K-; C+ rose to red; KC+ rose to red; P-,
Chemiatry:~ Usnic and leeanoric acids.

This species diuplays 2 similar ramge of thallus conditions to

X. persperea, but in this case the foliose habit is dominant, and
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specimens with black under surfaces are restricted to the western half
of the area. The foliose and subcrustose varieci;s have been found
together in the Central Karoo (1.4.2), and at the same site, in the

Jan Swartsberg west of Williston, and at Three Sisters, Only caxeful

on site studies using the O+ red reaction will reveal the effect of
aspect and micreaspect on thallus morphology in this species. X.
chalybaeizans is also similar, bukt ir this case the eiberustose habit is
restricted to the western wargin, there is a greater range of foliose
variation, and the undersurfaca is always pale brown. No other species
cuntaininé lecanorin acid are present in the arsa, but several species
eontainig evernic aeid (4-0-methylliecanoric acid) are present in the
surroundings. These are X. dysprosa, X. heterodomze (with lecamoric acid
as a subsidiary compound) and an undescribed folicse species fvom the
Namib desert, A similar taxon to X. worcesteri in North America is

X. arida Bgan et Derst., (whose isidizte counterpart is X, joranadia
{(Nash) Hale?).

Spezimens examined: 2819DC, 38 km NE of Pofaddsr, on dolerite, alr.

920-1060 m, 763 9-2~4; 2917BD, 29 km N of Springbok, Vrieskloofhoogte/

Ratelpoort, on white gneiss, alt. 880940 m, 772 2-4~1; 29194G, 40 km

WSW of Pofadder, Namiesberg, on quartzo-felspathic rock, alt. 960~1040 m,
772 3~2~1, 772 3-2-3, 772 3-2~4, 772 3-2~5, 772 3-2-6, 772 3-2-8; 2921AA,
24 km N of Kenhardt, ¥'Rougasberg, on guart-o-felspathic xock, alt.

850 J80 m, 768 B-4~1, 768 8-4-3, 768 8-4-5; 20230D, 19 km NE of Strydenburg,
Elands mountain, on delerite, alt., 1190~1280 m, 768 5-1-5; 3017BD, 20 km

§ of Kamirskroon, Garagams/Karkams, on granitic wock, alt. 760~790 m,

772 9-2~18; 3018CA, 20 km SSE of Ceries, alt, 360-380 m, 772 9-i~2, 772
9-1~6, 772 9~1~11, 772 9~1-12, 772 $-1-32; 3020DC, 62 km NW of Williston,
on dolerite, alt 915-1150 m, 768 7-6~1, 768 7-6-2; 3021DD, 15 km W of

Caxnarvon, on Ecea ailtstone, alt, {220~1370 m, 768 7-1-2, 768 7-1~10;
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3023BA, 22 km § of Strydemburg, on dolerite, alt. 1000~1200 m, 768 5~3~1;
3120BC, 34 tm W of Williston, Jan Swartsberg, on dolerite, alt. 1170-1200 m,
772 10~2-4, 772 10-2-5, 772 10-2~6; 3120CA, 48 kn MW of Middelpos, on
dolerite, alt, 915-1220 m, 772 4~l=i2pp, 772 4-1-13; 3120CD, 12 km ESE

of Middelpos, on Beaufort mudstone, alt. 12501280 m, 772 4~2~16pp,

772 4-2-23; 3121CB, 27 ¥m NW of Praserburg, Biydevoornitzicht, om

Beanfort rudstone, alt. 1250~1265 m, 772 {0-3~4; 3123CC, Three Sisters,

on dolerite, alt. 1140-31240 m, 768 12~4-5, 768 12-4~8, 758 12-4~7, 768
12-4~8, 735 13-4~11, 768 12~4-12; 31240D, Lootsberg Psss, midvay between
Graaff-Reinet and Middleburg, on Beaufort mudstone, alt. 1800 m, 772
15-2-2, 772 15-2~4; (3218BB, 14 km S of Clanwilliam, Almborn 4943,not
seen; 32194A, Pakhuis Pass, Almborn 12.9.1953, 4331, not seen); 3219CB,

5t km SSE of Algeria, Grootrivierhoogte, on quartzitic TMS, alt.

850-913 m, 768 [1-2-4, 768 11-2-8, 768 11-2~12, 768 .1-2-15; 32200C,

34 km N of Matjierlontein, Turck's Pass, on Ecca shale, alt. 12001235 m,
772 4elm6, 772 be4-i2; 3222BA, 13 ku N of Beaufort West, Moltemo Pass,
on dolerite, alt. 1400-1460 m, 768 12~3-3; 33198, Worcester, J.

Brunathalsr, 7.11.1909, W 8395; 3324BC, 18 km ¥ of De Rust, Meiringspoort,

on Bokkeveld shale 640-730 m, 772 14-1~2, 772 14=1~5, 772 td=l~&,

772 14-1-27,

DOUBTFUL AND EXCLUDED NAMES

Xanthoparmelia chlorea (Stiz.) Hale (1974) Phytologia 28 (5): 486,

Basicnomen: Paymelia chlopea $tizemberger (1890) Ber, Thatigk.
St. Gall. naturw, Ges., 1888-89: 151,

Holotypus: Supra lespides in wepublica Oranje.Orpen

(ZT not seen).
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This species is umique in its medullary chemistry, which causes
distinctive colour xeactions with K and P. The upper cortex contains
atranorin only, and theve.~re should be placed in Pseudoparmelia Lynge

sensu Hale.

Xenghoparmelic concolor (Spreng.) Hale (1974) Phytologia, 28
{53+ 486.

Basionomen: Parmelia concolor Sprengel (1827} Systema

Vegetabilium, p. 328.

The typification of this name is considered tu be beyond the scope
of the present study, and was not used. Type material may be in §
{Laundon, 1%79). i. concolor is probably the corvect mame for the taxon

presently rerorved to as X. subconspersa.

Parmelia interrupta Stizenberger (1890) Ber. Thatigk. St. Gall,
naturw. Ges., 1838-89: j54.
Holotypust In montibus Warme Bokkeveld prope pagum Ceres

2d Promontorium Bonae Spei. MacOwan (ZT1)

i ta b upta (Stiz.) Gyelnik (1935) Aunm. Mus,

Natn, Hungarici, (Pars Bot.), 29: 35-36.

The clarification of this and the next names require wore

collections from the southern and mouthwestern Cape,

Parmelig_perplesg Stizavberger (1890) Ber. Thatipk, St. Gall.
oatuxv. Gas., [1888-89: 154,
Holouypus: Saxicola prope pagum Ceres in montibus

Warme Bokkeveld - Africa australis MaeOwan. (ZT1)
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Paym:zlia subschenckiona Gyeluik (1938) Sydowia Ann. Mycol.,

36 (4): 291-292.
Holotypus: South Africa, District Calvinia, Lokeuburg,
on stone. Leg. P.A, v.d. Bijl 1140 (W (1935)-!) Lacks

usaic acid and should b lacec in Psewdoparmelia.
A synoaym of P, a'lorga Stiz,, fide Hale (annotation label).

Pamelia santhotropg Stirton (1878) Scot Nat., 4s 202-203,
Holotypus: South Africa, Somerset East, Prof, P. MacOwan

(M),

™ > holotypa is rather , and is

+ sillate, .. ondition that has not been found in any of the species.
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5. APPENDIX

5.1 PARTICULARS OF COLLECTION SITES (TABLE 3)

Place names as in Leigtner and Movxis (1976). Rainfell data
(in decimetres) from, and localities initially pinpointed on, 1:250,000
rainfall meps (Triginometrical Survey Office(a)). Altitudes {in metres)
from, and localities finally positioned om 1:50,000 maps, (Trigouometrical
Survey Office (b)). Mapisterial districts as in 1965~1966 (Trigonometrical
Survey Office (a)).

The numbers of the quarter degree references refer to the degree
status of the top left hand (NW) cormer of the degree square in which it
lies. The first letter refers to the half degree square and the second
letter, the quarter degree square within the half degree square in which

a particular locality lies:

23 %E 3% 23930 2%°)
25% 23°30° 2995 23°%15° 23%5" 2995
A 3 A B
A B 29%150
¢ D ¢ D
20%30¢ 29°30° —{29%30"
A B A B
c D 29%5¢
-5
oz < B 4 »
o
30% 30% 730157 739457 s
23°30° 23° 23°30 26°8

In the above example, the locality x lies in the degree square 2923 (i.e.
W cotner is 29°S and 23%E), in the half degree square 29230, wd in the

quarter degree squars 29230D.
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5.2

2718¢C.
2817DC.
281948,
28190C.
282044,
28204D,
282000,
2820DA.
2820DA.
2821AC.
2821CC.

2821CC,

2821DD.

29178D.

2918BD.
291948,
29194C.

2919BC.
2919DD.
2920D8,
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TABLE &

SITE SPECYES COMPOSITION (in quarter degree square number order)

772 2-2-n, X. brunnthaleri (t).

772 2=3-n. No lichens.

772 2-1-n, No lichens.

768 9~2-n, X. brumnthaleri (t); X. peoromifera; X.worcesteri,
772 J=-b-n, Wo Xanthoparmeliae.

772 1-3-n, X. scabrosa.

768 9-1-n. No Xanthoparmeliaa.

768 8-7-n. No lichens.

768 8~8~n. X, paoromiferc.

772 1-2-n., X. psovomifavc.

768 8-6-n. X. psoromifera; X. Geabrosa.

768 §~5-n. X, b ¢ (barb.}; X. lybarizans

X. achenckiana; X. subconapersa.
772 16=6~n. X. psoromifera.

772 2-4-n. X, chalybasizans; ¥. colovata; X. columata;

x. 75 persa; X. sohenckiana; X. 5
X. tasmanica; X. worcesteri; 0., hottettobium.

772 3-}=n, No lichens.

768 9-3-n. X. perapevea.

772 3-2-n. X. chalybaeizans; X. col ; X, persp 3

X, Riana; X. subromi, ;X .

768 9~b~n. X. brumnthaleri (baxb.); X. egornata; X. subdecipiens.
772 3-3-u. X, brumnthalers (barb.}; X. psoromifera.

768 8~1-n. X, brunnthaleri (barb.). .




i g

o

292144,

29214AC.
29214C.
2921CA.
2921CA.
2921CA.
2922DB.

29230C,
2623pD,

30178D,

301888,

3018¢4.,

3018DA,.

3018DA.

3019¢D.

3020DC.

30210D.,

3022¢C.

3022cC.

236

768 8~4-n. X, brunnthaleri (barb.); X. psoromifera;
X. woreesteri.

768 8=3-n. No Xsnthoparweliae.

768 8-2-n. No lichens.

772 16~5-n. No lichens.

772 16~4~n. No lichens.

772 16~3~n. No lichens.

No lichens, .

L
X b haleris

X, worcesteri.
772 9=2-n, X. chalybaeivans; X. colovata; X. columnata;

X. perspersa; X. kiana; X. sub s i

0. hottentottum,

768 9-5-u. X. brumthaleri (barb.)

772 9-1-n, X, chalybacizang; X. ; X ;X
hypoleia; X. molli la; X. perspersa; X. soh fonay
X, sub I foa; X. L5 0.

768 9-6-n. Neo Xauthoparmelize, but abundant growth of other
Guaialy crustose) lichena.
768 9-7-n, X. schenckiana, X. eubconspersa.

772 3~4=n. X, chalybaetzans, X. ;X ; X

hypoleta; X, peroa; X. schenckiana; X aub ;X
tasmanica; 0. hottentotium.

768 7-6-n, X, ¢ (barb.); X, L

768 7-t-u. X, leptoplapa; X. perspersa; X. Riana;
A, worcestert.
772 16~2~n.  X. byumthaleri (barb.); X, schemckiuna,

772 t6=1-u. X. L (£)3 X leptoplaca.
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3022¢cp,

3022¢D.

3023BA.

3023BA.

30238C.

3023CA.

3023CA.

3023C8.

31394AC,

311gac,

31194,

312040,

212088,

3120BC.

2120CA.

3120CD.

31214¢.

237

768 6~4-n. X. perspersa.

768 6-3-n. X. leptoplaca; X. perea; X. ki

768 5-3-n, X. b halerd (barb.); X. 5 X. leptopl
X, psovomifera; X. subconspersa; X. wurcestert.
768 5-4-n. No lichens.

768 5-5-n. X. b lesi (barb.); X. leptopl

768 6-2-n, X. dichwomatica, X. leptoplaca.
768 6-3-n. No Xanthoparmelise.

768 6~1-n, X. brimthalert.

768 10~2-n, X, ck

iybaeinans; K. tpictans; X. :

X. hypoleia; X. perspevsa; X. subconspersa; X.

772 5-3-a. X. Lybaet. : X. eol 3 X i X

hypoleia; X. teemaniea.

768 10~1-n. X. baeizans; X. ; X. hypop ;
X. tanthina; X. porsa; X. subconspersa; O.

772 10=f-n. X. b i (barb.}; X. leptoplaca; X.
sehenckiana.

768 7-~%-n. X, H {; X. leptoplaca; X. schenckiana;

X, subdecipiens.
772 10-2-n, X b haleri (£); X. bagizane; 1.

dinkromatioa; X. loptoplaca; X. peropersa; X. pohenckiana;

X. oubconsperea; X. worcestert.

772 b=i~a. X. chalybaetzans; X.

X, persp 3 X. achenck ;X N

772 4~2~n. X. chalybaeizans; X. colovata; X. esornata; X.

hypoleia; X. leptoplaca; X. perspersa; X. oshenokiana; X,
tasmaniea; X. woveestert; 0. hotbentotium.

768 7~4-n. X, b L (t); X 1 3 X persp 3




-

3114,

3121BB.

3121CB.

31224D.

31228D,

31z3ce.

312400,

321888,

3218BD.

3219AA.

321944,

768 7-3-n. X. leptoplaca, X. perspersa.

768 7-2-n. X. i (barb.); X. di tioa; X.
leptoplaca.

772 10-3-n. X. brumnthaleri (barb.); X. dichromatica;
X. schenciiana; X. worcestert.

772 15~4—n. X. dichvomatica; . leptoplaca; X. p 5

X. echenckiana.

238

772 15~3-n. X. ¢ (barb.); X. di i X
leptoplaca; X. schenckiana.

768 12-4-n. X, b lerd (t); X. chalybaei ; X

¥. leptoplaca; X. perspersa; X. kiana; X. eub ;
X. subdecipiens; Y. worcestert.

772 15-2~a. X. ohalybaeizans; X. ;X ke 3

X, leptoplaca; X. pevepersa; X. psoromifera; X. schenckiena;

X, subconepersa; X. subdecipiens; X. worcseteri; 0. hottento
772 8~3-n. X. ad 5 X baeizans; X. ;X
hyp 3 X hypop: ioas X hyporhytida; X. perep

12278

X, psovomifera; 0. hottentotium.

772 8~1-n. X. chalybueiaans; X. colorata; X. dyep: 3 X

lobulifera; X. hypoleia; X. hypomslaena; X. hypop
X. tanthina; X. perepersa; X. pscromifeva; X. subconspersa;
0. hottenvottum.

768 10-3-n. X. chalybueizans; X. colummata; X. hypolet:

X K ; X pevsp s X k ;X
X. subdecipiens; X. tasmanteod.

772 8~Z-0. X. chalybueizans; ¥ ; X hyp 3 X.

hypomelaena; X. perspereu; X, squamatiea; X. subconspersa;

X. tasmanica; O, hottentotium.




3219A¢C.

3219C8.

3220DC,

3220DC,

322(BA.

322184,

3222BA.

3224BC.
3319BC.

332148,
332140,
37_1AD,

332184,
332248,

23%
768 ll-=l-n. X. hypomelaena; X. hypoprotocetravica; X.
perspersa; X. ralla; X. subconspers ..
768 11~2-u. X. ohalybaeizans; X. colovata; X. ;
X. achenckiana; X. subconspersa; X. worcesterd.
772 4-3-n. X, chalybaeizans; X. schenckiana; X. subcomepersa;
X. subdecipiens; 0. hottentottum.
772 bebrn. X, chalybaetzans; X. leptoplaca; X. persperaa;
X, pooromifera; X. schencki X, tw ioa; X, iy

0. hottentottum.

772 10-4-n. X, ¢ {£); X ool ; X 5
A+ leptoplaca; X. psoromifera; X. schenckiana; X. subconspersa;

X, tasmanioa; 0. hottentottum.

772 10-5-n, X. chalybaeisans; X. dich

X. pevspersa; X. sub ;0

768 12-3-n. X. chalybaeizans; X. 3 X. perepersa;

X. worcesteri.

772 15~\-n. X, perspersa; X. subconspersa.

768 11-3-n, X, chalybaeizans; X. persp ;s X, achenckiona;
X. subconspersa; X. tasmanioeq.

768 12-1-n. X, perspersa.

772 11=2-n. X, chalybaetaans; X. col s X, sehenoki

772 11-3-n. X. ad : X burmeisters; X. baetaans ;
X. constriotans; X. dichvomatica; X. endomiltodsa; X. ;
X. globulifera; X, ; X. hypoleia; X. hypemelaena;

X. molliuseula; X. perspereca; ¥. ralla; X. subconspersa; X.
subdectpiens; 0. hottentotiun.
768 i12~2~n. X, pereperca.

772 11=1-n. X. adhaevens; X. ehalybacizans; X. conspersa; X.

2,

constriatans; X, hypoleia; X. hypop: foas X

0. hovtentottum.




et g

332288,

3322BC.

332348.

772 14-2-n. X, chalybaeizane; X. perspersa (atypical);
¥. schenckiana,
772 14=1-n. X, chalybaeisans; X. ewornata; X. globulifera;

X. hyporaeotocetrarica; X. leucostigma; X. perspersa; X.

N3 .

5. P
5 X

772 14~3-n, X, adl s X, dich tlog; X. ¢ ta;

X. leptoplaca; X. perepersa.
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5.3 STEINER'S STABLE PARAPHENYLFNEDIAMINE (1,4-DIAMINOBENZENE)

SOLUTION. (STEINER, 1955)

0.1 g p-phenylenediamine
1.0 g sodium sulphite
10 wl water

0,1 wl Liquid detergent.

diamine is usually hat brownish (oxidized), and
has to be cleaned using small suecessive aliquots of 95% ethanol, and
the brown supernatant discarded. The cleaned erystals can then be
disgolved in 5 ml of 95% ethanol and made up to 10 ml with water.
The sedium sulphite is then dissolved and the liquid detergent added.
An alternative procedure ig dissolving the cleanad crystals in
10 wl of 10% sodium sulphite solution in pure water, followed by 0.1 ml

of liquid The former e gave the best results. The

selution is satisfactory for at least a month.
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5.4 PLATES
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PLATE

A.

Sparsely pored epicortex of X, endomiltedes (Nyl.)

Hale, 772 11-3-16 (Bar = 10 um).

Pored epicortex of X, chalybaeizans (J. Stein. et
Zshlbr.) Hale, 772 8=1-] pp., with an ascospore on the

upper surface (Bav = 10 ym).

Pored epilcortex of X, psoromifera (Kurck.} Hale, 772

8~4~1 (Bar = 10 pm).

Pared epicortex of X. Mypoprotocetrarica {Rurok. et

Elix) Hale, 772 8-1~17 (Bar = 10 um).
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PLATE 2




PLATE 2

A,

Pored epicortex of X. chalybacizans (J. Stein.et Zahlbr.)

Bale, 772 14-2-5, (Baxr = 10 pm).

Pored epicortex of X, dysprosa Brusse, 772 8-1-6 (Bay

= 10 pm).

Highly pored epicortex of X, psoromifera (Kuxok.) Hale,

772 1-2-1, (Bar = 10 ym).

Rudimentary epicortex of X. perspersa (Stiz.) Brusse,

772 15-2-25 pp (Bar = 10 pm).
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PLATE 3
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PLATE 3

A,

Rudimentary epicortex of X. persperaz (Stiz.) Brusse,

772 8-1-) pp, (Bar = 10 pm).

baet; (J. 8tein.

y epi of X.
et Zahlbr.) Hale, 772 9-~1-8, (Bar = 10 pm).

Rudimentary epicortex of X. colovata (Gyel.) Hale,

772 11=-2-6, (Bar = 10 ym) (or upper cortex remains).

Rudimentary epicortex of X, colorata {(Gyel.) Hale,
272 4-2~17, clearly showing the hyphal tips of the
upphr cortex between the pleces of aspicortex tissue

(Bar = 10 m).
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PLATE 4

A

ol

a

=]

Highly pored areas on an otherwise unpored epicortex
of X. ewornate {Zahlbr.) Brusse, 768 1j-2-Z, (Bar =

100 ym) .

Close up of the highly pored area framed in Plate 44,

(Bax = 100 ym).

Elongated pored areas in the epicortex of X. exornata
(Zahlbr.) Brusse near the lobe tip, 772 3-4~28,

(Bar = 100 ym).

A somewhat sunken pored ares on a microwrinkled epicortex
of X. exornata ({Zahlbr.) Brusse, 772 8-3-7 (Bar =

100 ym) .
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PLATE 5




PLATE 5

A,

I3

Scanning electron micrograph of the lobe tip of
X. pevspersa (Stiz.) Brusse 772 15~2-25, showing the
initially epicorticatesu face rapidly becoming

rudimentary { Bar = I mm),

SEMicrograph of X. ralla Brusse,showing the epicorticate
sideg ~® "_.e¢s and the rudimentary epicertex of the

upper surface. 772 11~3-3 pp. (Bar = 100 ym).

Seratch on the upper cortex of X. chalybaeizans (3.
Stein. et Zahlbr.) Hale (772 15~2-17) showing the &

vertically orientated hyphae (Bar = 10 um).

Ostiole of a pyenium on the upper surface of

X. subeonspersa {(Nyl.) Hale, 772 11-3-35 (Bar = 10 pm).
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PLATE 6

A.

4

Crystal rosettes oa the lobe tip upper surface of

X. perspersa (Stiz.) Brusse, 772 8-1-2 (Bar = 10 ym}.

Epicortical blisters on the lobe tip of X, perspersa

(Stiz.) Brusse, 772 8-1-2 (Bar = 100 ym).

Clusters of p idal or idal cxystals on the

lobe tip upper surface of X. exornata (Zahlbr,) Brusse.

772 11-3=45,  (Bar = JO um),

Coarse plate rosettes and distorted cubic erystals on
the lobe tip upper surface of Y. perspersa (Stiz.)

Drusse, 768 6~5~2 (Bar = 10 pm).
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PLATE 7
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oF 74 MAIERTAL STAINED IN

PHLOXINE WITH BLUE LIGHT ILLUMINATION

4.

L/S of the upper cortex of X. schenckiana (Mill. Arg.)

Hale (Ushic acid removed)  x800.

L/S of the lobe of X, schenckiana (Mill. Avg.) Hale

x200.

L/S of the upper cortexof X, hypoleia (Nyl.) Hale
(772 11-3~41) showing the scleropleetenchymatous

nature of this layer, (Usnic acid removed) x600.

Pycnoconidia of X. columnata Hele (768 10-3-7) x1300.

Legend: al = algal layer; ec = epicortex; lc = lower cortes;

m = medulla; uc = upper qortex; ve = rudimentary epicortex.




PLATE 8




PLATE 8
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OF X, £4 {ZAHLBR.) BRUSSE MATERIAL

STAINED IN PHLOXINE WITH BLUE LIGHT ILLUMINATION.

L/S lonae of X. leptoplaoca (Zahlbr.) Brusea, ghowing
the lower cortex becoming less and less distinct tovards

the interior (the right). x800.

L/S of the lower cortex of X. lepioplaca (Zshibr.)

Brusse, near the tip of the lobe. =x800.

L/S of the lower cortex of X. leptoplaca (Zahlbr.)
Brusse, showing the hyphal extentions, (Rudimentary

rhizines?) xB30.

Pycnoconidis of X. leptoplaen (Zahlbr.) Brusse %1300,

Arrows pointing to pycnoconidia with 4 swellings.

Legend: al = algal layer; he = hyphal extensions; le=

Tower cortex; m = medulla; uc = upper cortex.




PLATE 9

e e A




i

PLATE 9

Photomicregraphe of vecrystallized iichem substances using

dark field illumination.

Barbatic acid in GAoT, %160, from the acerome extract
of X. brumnthaleri (J. Stein, et Zahlbr.) Hale

768 Bed=b,

Barbatic acid in GAoT, %640, from the acetone extract

of X. burmeisteri (Elix) Brusse. 772 {i-3-18a.

Divaricatic acid in GAW (Culberson, 1963), x200, from
the acetone extract of Neofuscelia pulla (Ach.) Essl.,

768 10-1-16,

Thamnolic acid in GAAn, x100, from the acetone extract

of X. hypomelaena (Vain. ex Lynge) Brusse, 772 11-3~9.




PLATE 10
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PLATE {0 Photomicrographs o. vecrystallized lichen subtstancas using

normal illumination.

g

Unidentified substance in GAeT {either barbatic or
4~O-demethylbarbatic acids or both), %100, from the
acetone extract of Y. burmeister: (Blix) Brusse

772 11-3~18a.

=

Barbatic acid in 6B, x130, from the acetone extract
of benzeae extracted X, burmeisteri (Elix) Brusse,

772 11-3~18a.

C. Lecanoric acid in GAW, x130, from the acetone extract

of X. woreestari (J, Stein. et Zahlbr.) Hale, 772

3-2-5,

D. Salazinic acid in GAol, %320, from the acetone extract

of X. tasmanice (Hook.f. et Tayl,) Hale, 772 3=4-=14,

E. Usnic acid in GF, x130, from the acetone extract of
X. peoromifera (Kurok.) Hale, 772 1-2-5,
F. Atranovin in GAoT, x85, from the acatone extract of

Heterodermia boryi (Fe:\ Hale,




PLATE 11




PLATE 11

Photemicrographs of recrystallized lichen substances using

normal illumination.

A, B, C. Hypoprotocetraric acid in GWPy, x80, from the
acetone extract of bemzene extracted X.

perspersa (Stiz.) Brusse, 772 15-4-16,

D &E.  Hypoprotocetraric acid im GE, x160, from the
acetone extract of benzene extracted X.

perspersy (Stiz.) Brusse, 772 15-4-16,

F. Protolichesterinic ayid-like crystals in GB,
%160, from the acetone extract of benzene
extracted ¥. perspersa (8tiz.) Brusse, 772

15-4-16.
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PLATE 12
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PLATE 12

254 i

Photooicrographs of recrystallized lichen ihstances uging

phase contrast illumination.

4, Hexagonal plate of stictic acid in CGhot, x400, from
the acetone extract of X. molliugoula (Ach.) Hale,
772 9~1-32.

B, «exagonal plates of sticeic acid in GAot, %650, from

the acetone extruct of X, molifuscula (Ach.) Hale,

772 9-1-32.

C. Rosettes of square plates of norstictic acid im Gaot,
%390, from the acetone extract of Omphalodium

hottentottum (Ach.) Flot,, 772 b-b-14,

o

Square plates of noxstictic acid in GAot, x460, from
the acetone extract of 0. hottentottum (Ach.) Flot,,

772 bb~14,

E. Staggered square plates of norstictic acid in GAot,
#6460, from the acetone extract of 0. hitentotium

(Ach.) Flot., 772 4=~i-14,

¥. Staggered square plate clusters of norstictic acid inm

GAot, x450, from the acetone extract of J, hotdentotium

(Ach.) Fw., 772 4~4~14,
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PLATE 13

255

Photomicrom - M8 of reerystallized lichen substances using

aprmal illumination.

]

e

Squamatic acid in GAAn, x130, from the acetonas extract
of benzene extracted X. Aypomelaena (Vain. ex Lynge}

Brussa, 772 8-2-9.

Unidentified substsnce Th~l in GAAn, %80, from the
acetone extract of beuzens extracted X, hypomelaena

(Vain, ex Lynge) Brusse, 772 8-2-9.

Psoromic acid in GE, x80, from Rhizocarpon geographicum

(L.) DC, 768 10-2-8,

Psoromic acid in GE, x80, from Rhizocarpon geogvaphicum
{6.) DC, 768 10-2-8.

Evernic acid in GE, %80, from X. dyeprosa Brusse,

772 8-f~6,

Evernic acid in GE, %80, from X. dysprosa Brusse, 772

816,




PLATE 14




PLATE 14
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(All scales in mm for now onwards)

A, X, hypoleia (Nyl.) Hale
B. X. Wypoleia (Nyl.) Hale
C. X. hypoleia (Nyl.) Hale

D. X. hypoleia (Nyl.) Hale

772 9-3~7,

768 10~2-4.

768 10~2~4,

772 11-3-41,
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PLATE I5

A,

X, hypoprotocetrarica (Kurok.

=12,

X. wypoprotocetrarica (Kurok.

B~3=17,

X. hypoprotocetvarica (Kurok.

10-1~7.

X. elormata (Zahlbr.) Brusse

et Elix) Hale 768

et Elix) Hale 772

et Elix) Hale 768

772 14~1-28,
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PLATE 16 A. X, hypomelaena (Vain. ex Lyuge) Brusse 772 11-3~9,
B. X. hypomelaena (Vain. ex Lynge) Brns. 772 8-2-19.
C. X. hypomelagna (Vain. ex Lyuge) Brusse 772 8-2-9.

D. X hypomelasna (Vain. ex Lynge) Brusse 772 8-2-9.




PLATE 17




PLATE 17 A

B

e,

Th -y

X. burmeisteri (£lix)} Brusse 772 !1~3~18s.
X. burmeisters (Elix) Bfusse 772 ii~3-i8a.
X. dysprosa Brusse 772 8-1-6,

X, dysproaa Brusse 772 8-1-6.
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PLATE 18

As

X, ewornate (Zahlbr.) Brusse 768 12-3-1.

X. exornata (2ablbr.) Brusse 768 5-3-2.

X. ewormata (Zahlbr.) Brusse 772 ji-3-10.

X. exornata (Zahlbr.) Brusse 772 10~4-9 showing the
heavy maculation,and the filamentous surface growth

cceurring widely on these lichens,
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PLATE 19 A. X. leucostigma Brusse 772 l4-1-13,

B. X. leucostigma Brusse 772 14=1-i3,

G, X hyporhytida (Hale) Hale 772 8-3-14 pp.

D. X hyporhytida (Hale) Hale 772 8-3«14 pp.




PLATE 20
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PLATE 20

A,

tw

o

X. chalybaeizans

11-2-4,

X, chalybaeisans
9-3-6.

X. chalybaeizcna

11-2-7,

X. chalybaeizans
8-3-3.

.

.

.

.

Stain,

Stedn.

Stein.

Stein.

et Zahlbr.) Hale

et Zehlbr.) Hale

et Zahlbr.) Hale

et Zahlbr.) Hale
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PLATE 21
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PLATE 21 A. X. subconspersa {Nyl.) Hale 768 11-3-3.

B. X. subconspersa (Nyl.) Hale 772 j1-3~36.
€. X. subconspersa {(Nyl,) Male 772 9-2-8.

D. X. subconsperea (Nyl.) Hale 772 10~5-8.

=T




PLATE 22
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PLATE 22

A,

264

X, constrictans (Nyl.) Hale 772 H-3-27‘.
X, constrictans (Nyl.) Hele 772 I1~1-23.
X. subcorapersa (Nyl.) Hale 772 9-2~16.

X, subconspersa (Nyl.) Hale 768 10-3~4 on the

thallus of Omphalodium hottentotium (Ach.) Flot.

E
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PLATE 23

A,

x,

X,

X,

X,

aubconspevra (Nyl.) Hale 772 10-2~10.
sgubconsperga (Nyl.) Hale 772 8-3-8.
coneperea (Ach.) Bale 772 11-1-9.

globulifera (Kurok, et Filson) Brusse 772 11-3-31,
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PLATE 24




" PLATE 24

A,

266

. molliuscula (Ach.) Hale 772 9-1-35,

. tasmanica (Book.f. et Tayl.) Hale 768 10-2-15,

. seabrosa (Tayl.) Hale 772 1-3~1,

. subvamigera (Gyel.} Hale 772 3-2-10.




PLATE 25




PLATE 25

A

X, brunnthaleri
554,

X, brunnthaleri
15-3-8,
X. brunnthaleri

Be~Shha

X brunnthalers
10-2-3.

(J. Stein. et Zahlbr,) Hale

(3, Stein. et Zahlbr.) Hale

(J. Stein, et Zahibr.) Hale

(J. Stein. et Zahlbzr.) Hale
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PLATE 26




A

X. perspersa (Stiz,) Brugse. A specimen with an

unusual medullary chemistry. 772 14=2-4.

X. perspersa (Stiz.) Brusse 772 B-i-2,

X. worcesteri (J. Stein, et Zghlbr.) Hale

X. tanthing Brusse 768 10-1-15,

772 14~1-3A,
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PLATE 27

A,

X.

X,

X

dichvomay’ « (Hale) Hule 768 7~2-4.
dichromatica (Hale) Hale 772 15-3~9.
subdecipiens Wain, ex Lynge) Hale 768 9-4~2.

subdecipiens (Vain, ex Lynge) Hale 768 12-4-2,
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PLATE 28
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PLATE 28

I

X. perspersa (Stiz.) Brusse
X. perspersq (Stiz.) Brusse
X, perspersa (Stiz.) Brusse

X. perspersa (Stiz.) Brusse

772 14-3~2,

768 7-3-1,

772 15-2-6.

772 15-4~4.,
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PLATE 29 A. X. perspersa (Stiz.) Brusse 772 14-3-8,

B. X. perspersa (Stiz.) Brusse 772 15-2-3.

€. X. perspersa (Stiz.) Brusse 768 10-1-22.

D. X. perepersa (Stiz.) Brusse 768 10~3-2.




PLATE 3C




.

PLATE 30 A. X. worcesteri (J, Stein. et Zahlbr.) Hale 768 5-3-1.

B. X. worcesteri (J. Stein. et Zshibr,) Hale 768 5-3-1.
The same specimen, but growing on a shoulder of a rock,
with the one side broad lobed and the other narrow

lobed and coarse-pruigose.
G. X. worcestert (J. Stein. et Zahlbr.) Hale 772 2-4-i.

n, Y. yovoesterd (J. Stein. et Zahlbr.) Hale 772 3~2-5,




PLATE 31
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PLATE 31

A,

®

X. gchenckiona (Mill. Avg.) Hale 768 6-5~3,

X. sokenckiona (Mill. Arg.) Hale 772 15-4-5,
taken with low angle illumination to show coarse-

pruina.
X. colorata (Gyel.) Hale 772 11-2-1,

X, peovomifera (Kurok.) Hale 768 8~§~1.
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PLATE 32

A,

]

274
X, chalybaeizans (J. Stein. at Zahlbr.) Hele, 772
2-4-2.

X. chalybaeizans (I, Stein. et Zshlbr.) Hale, 772
2-4~2, taken with low angle illumination, to show up

the coarse-pruinose uppersnrface.
X. colovata (Gyel.) Hale, 772 10-4=4.

X. chalybaetzans (J. Steim. et Zahlbx.) Hale growing

on the surface X. colovata (Gyel.) Hale, 772 4-2-17.
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PLATE 33 A. X, leptoplaca (Zahibr.) Brusse, typical crustose,
habit, 772 10-5-1, with low angle illumination to show

up coarse-pruina,

=

X. leptoplaca (Zahlbr.) Brusse, less frequent
gubcruatose habit, with well devel.ped apothecia

772 10-4-5.

C. X. lepteplaca (Zahlbr.) Brusse, less frequent
suberustese habit, with well developed apothecia

772 10~4-1,

X, leptoplaca (Zahlbr.) Brusse, less frequent

,_A~
4

subcrustose habit, with well developed apothecia

, 772 15-3~4,

Ry




PLATE 34




T

PLATE 34

A,

2, adhagrens (Nyl,) Hale, 772 8~3-2, subcrustose form,
X, adhaerens (Nyl.) Bale, 772 11-3-2, crustose form.

X. wdhaevens (Nyl.) Hale, 772 14-3-7, crustose form

with well developed apothecia,

X. constrictans (Nyl.) Hale, 772, ti-1-4, cruatose

form,
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PLATE 35

A,

217

X. ralla Brussa, 772 11-3-3 pp.

X, heterodeza (Hale) Hale, 772 15-2~3,

X, wovesstert (J. Ste'n. et Zahlbr.) HAale, the

interior of a subcrugtose form, 768 5-1-3.

X. worcesteri (J. Stein. et Zahlbr.) Hale, lobate
ware?~ _. cne same thallus, 772 5-1-5 (Scale ag in

350).
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PLATE 36

A,

: : a e [ . 2 vy - A
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X. chalybaeizans (I, Stein. et Zahlbr.) Hale

772 9-2-5.
X. squamytioa Brusse 772 8-2-1.
¥, columnata Hale 772 2~4-12.

X, emernata (Zahlbr.) Brusse 76§ (1-2-11,




T

279

6 LITERATURE CITED

des Abbayes, H. (196]) Lichens récoltfs & Madagascar et & 1a Réunion
(Mission H. des Abbayes, 1956). I. Intreduction. II.
Parméliace€s, Memoires de 1'imstitute de Recherche
Scientifique de Msdagascar, Serie B, Biologie Vegetale, 10(2):
81-121.

Acharius, E. (1794) Férsék til en £orbittrid lafvarnes indelni:
Rungliga Vetenskaps Academiens Nya Handlingar, 15: 237-259.

(1798) Lichenographias Suecicae prodvomus, D.6. Bjdrn,
Lincopise. xxiv + 264 pp + 2 pls.

(1810) Lichenographia universalis. I.F. Dankwerts,
GSttingae. viii > 696 pp + 14 pls.

Acocks, J.P.H, {1975) Veld Types of South Africa, Memoirs of the
Botaniral survey of South Africa (40).

e e (1973) The flora that matched the fauna, Bothalia, 12(4):
673~709.

Albat, .M. (1979) Preliminary Report on the geology of the Kliprand
area in Namaqualand. Anmual Report of the Precambrian
Research Unit, University of Cape Town, 16: 47-57.

Aluborn, 0. (1966) Revision of some lichen gonera im southern Africa,
Botaniska Notiser, 119: 71112,

Anderson, A.M. and McLachlan, I.R. (1976) The plant record in the Dwyka
and Ecca series (Permian) of the south-western half of the
Great Karoo Basinm, South Africa. Palaeontologia Africana,
19: 31-42.

Asahina, Y. (1936~40) Mikrochemischer Nachweis der Flechtenstoffe I-XI.
Journal of Japanese Botany, 12: 516-525, 859-872; 13: 529-536,
855-861; 14t 39-44, 244-250,7318-323, 650-659, 767-773; 15:
465~472; T8¢ 185153,

Awasthi, D.D. (1975) A monograph of the lichen genus Dirimaria.
Bibliotheca lichenologia, 2.

von Backstrém, J. (1964) The geology of the avea around Keimoss, with
special reference to placoliths of charnockitic sdamellite-
porphyry. Memoirs of the Gealogical Suxvey of South Africa,
53: 1-218.

von Backstrém, JJW. and de Villiers, J. (1972) The geology along the
Orange River betwsen Onseepkans and the Richtersveld.
Explanation sheets 28170 (Vioolsdrif) 2818C and D (Goodhouse)
and 2819C (Ouseepkans), The Geological Survey of South
Africa.




Barr, M.E. (1976) Perspectives in the ascomycotina. Memoirs of the
New York Botanical Gardems, 38: 1-8.

Beg, W.R., Chester, D.0. and Elix, J.4. (1979) The structure of
conor Lobaridone and conloxodin. New depsidones from the
Lichen ta. Australiem Journal
of Chemistry, 32(4): 927-929.

Berdz, G., Santesson, J. and Wachtmeister, C.A. (1965) Studies on the
chemistry of lichems 22, The chemistry of the gemus
Siphula 1. Acta Chemica Scandinavica, 19(5): 1250-1252.

Blignaut, H.J, (1978) Structural-metamorphic imprint om part of the
Namaqua Mobile Belt in South West Afvica. Bulletin of the
Precambrian Research Unit, University of Cape Town, 23,v +
197 po.

Blum, 0.8, (1973) Water Relations. pp. 381-400 in: Ahmadjias, V. ond
Hale, M.E. (Rds.) Ihe Lichens. Academic Press, New York -
London. xiv + 697 pp.

Bolus, H. (I1875) Letter from Mr. Bolus to Dr. J.B. Hooker. Journal of
the Linnean Society of Londom, Botany, !4: 482-484,

Botha, B.J.V,, Grobler, N.J., Lindstrom, W. end Smit, C.A. (1576)
Stratigraphie correlation between the Kheis and Matsap
formations and their relation to the Namaqualand Metamorphic
Complex. Tramsactions of the Geolngical Soeiety of South
Africa, 79: 304-311.

{1977} Major
structural features of the area between the Langeberg Range
and Kenhardt, Northern Cape Province. Transactions of the
fenlogical Society of South Africa, 80: 101-110,

Brodo, I.M, (1973) Substrate Ecology, pp. 401-44! in: Ahmadjian, V. and
Hale, M.E. (Eds.) The Lichens, Academic Press, New York -
London. xiv + 637 pp.

Bu'lock, J.D. (1967) Egsays in Ioﬁznthesls and microbial development.
iley and bons, Nev Yorl

Buswell, J.A., Ander, P., Petterson, B, and Briksson, K~E. (1979)
Oxidative decarboxylation of vanillic acid by Sporotvichum
pulverylentum. FEBS letters, 103(1): 98-10i,

Buswell, J.A, and Eriksson, K-E. (1979) Aromatic ving cleavage by the
whiterot fungus Sporotrichum pulveralentum., TEBS letters
104(2): 258-260,

Cerniglia, G.E., Herbert, R.L., Szaniszlo, P.J. aud Gibson, D.T. (1978)
Fungal Transformation of Napthalene. Srchives of Microbiology,
117t 135-143.




281

Chester, D.0. and Elix, J.A. (1978) The identification of four new
meta-depsides in the lichen Ramalina asahinae. Aastralian
Journal of Chemistyy, 31(i2): 2745-2749.

Clarke, P.H. and Oraston, L.N, (1975) Metabolic Pathways and Regulatiom.
} and 2, pp. 191-261 and 263-340 in: Clarke, P.H. and Richmond,
M.H. (Eds.) "Genetics and Biochemistry of Peeudomonas”.
Wiley and Sous. London - New York - Sydméy - Toronto. ix +
366

PP

Clifford, T.N., Grogaw, J , Rex, D.C. and Burger, A.J. (i975) Geochrono-
logical and petrogenic studies of high grade metamorphic
rocks and intrusives in Namagualand, South Africa. Jowrmal
of Petralogy, 1§: 154-188.

Corner, E.J.H, (1929) Studies in the Morphology of Discomycetes. II
The structure and development of the ascocarp., Trawsactions
of the Biitish Mycological Soeiety, 141 275-291.

Cowan, D,A., Green, T.C.A, and Wilson, 4.7, (1979} Lichen metabolism.
}. The use of tritium labelled water in studies of amhydro-
biotic metabolism in Ramaling celastvi end Peliigera poly-~
dactyla, New Phytologist, 82(2): 489-503.

Crombie, J.M. (1876) New lichens from the Cape of Goud Hope. Journal of
Botany British and Foreign, 14: 18-21.

(1876) An ion of the lichens collected at the Cape
of Good Hope by the Rev. A.E, Eaton during the Venus-Transit
Expedition in 1874. Journal of the Linnean Society of Lomdon,
Batany, 15: 165-180.

Culberson, C.P. (1963) The lichen substances of the ganus Pvernia.
Phytochemistry, 2: 335-340.

(1¢ 35) Some mi hemical tests for the lichen depsidone
hypoprotocetraric acid. The Bryologist, 68: 301-304.

ety (19698) Chemical and Botanical Guide to Lichen Products.

University of North Carolina Press, uhapel Bill. i% + 648 pp.

~ (1969b) Chemical studies in the genus Lobaria and the
voourrence of a new bridepside, 4~0-methylgyrophoric acid,
The Bryologist, 72: 19-27.

(1970) Supplement to "“Chemical and Botanical Guide to
Vichen Products”, The Bryologist, 73: 177-377.

€1972) Improved conditions and new data for the identification
of lichen by a dardized thin-layer chi
method. Journal of Chromatography, 72: 113=125,

(t974) Conditions for the use of Merck silica gel 60 F,c,
plates in the standardized thin-layer chrematographic
technique for lichen products, Joursal of Chromatography, 97t
107-104.




S e

282

Culberson, G.F. and Culbersom, W.L. (1976) Chemosyndromic variatian in
lichens. Systematic Botany, 1(4): 325-339,

{1978) B-Orcinol derivatives in
lichens: Biogenetic Evidence from Oropogon loxensis.
Experimental Mycology, 2: 245-157,

Culberson, C.¥., Culberson, W.L. and Esslinger, T.L. (1977) Chemosyndromic
vaviation in the Parmelia pulla group, The Bryologist, 80(1):
125-135.

Culberson, C.F., Culberson, W.L. and Johnsom, A. (1977) Second augglemen
to "Chemical and botanical guide to lichen products’.
Imevican Brydlogical and Lichenological Society, SE. Lou).s,
Missouri. 400 pp.

Gulberson, G.¥. and Hale, M.B. (1973) 4-O-demethylnotatic acid; A new
depsidone in some lichems producing hypoprotocetraric acid.
The Eryologist, 76: 77-84.

Culberson, C.F. and Kristinsson, H-D. (1970) A standard method for the
identification of lichen products, Journal of Chromatography,
46: B5-93.

Culberson, C.F., Nash, T.H. and Johnson, A. (1979) ic
acid, a new depside in chemosyndromes of some Xanthoparmelise
with -orcinol depsides. The Bryologist, 82(2): 154-161.

Culberson, W.L. and Culberson, C,T. (1968) The lichen genera Cetrelia
and Platismatia (Parmeliaceae). Contributions from the
United States National Herbarium, 34(7): 449~558.

(1970) A phylogenetic view of chemical
evolution in the lichens. The Bryologist, 70: I-31

Dimroth, P., Walter, H. and Lynen, F. (1970) Biosynthese von 6-methyi-
salicylsiure. Eoropean Journal of Biochemisery, 13(1):
98-110.

Dodge, C.W. (1959) Scme lichens of tropical Africa IIT, Parmeliaceae,
Annals of the Misgouri Botanical Gardenm, 46(2): 39-193,

(1971) Some lichens of tropical Africa V. Lecanoraceae to
Physciaceae, Beihefte zur Nova Hedwigia, 38: 1-225,

Doelle, H.W, (1975) Bacterial Metabolism. Academic Press; Naw York = I
San Prancisco -~ London; Ed. 2. xiii + 738 pp.

Egan, R.S. (197a) New Xenthopaxmelia (Lichenes : Patmeliaceae) records
from New Mexico. Mycotaxon, 2(2): 217-222,

Egan, R.5. and Derstime, K.S5. (1978) A new species inm the lichan genus
Xanthoparmelia from Texas. Bryologiat, 81(4): 605-608,

Elix, J.A. (i976) Thres new species of I A 127
from South Eastern Australia, Australian Journal of Botany,
24(5): 663~668.




283

Esslinger, T.L. (1973) Nomemclatural notes on some members of Parmelia
section Melanopaymelia. The Bryolegist, 76: 306-309.

(1974) A ic revision of the brown Parmelige.

PR

Ph.P, thesis, Duke Unxv&rslty.

(1977) & ic revision of the brown Parmelise.
Journal of the Hattori Botanical Laboratory [Hatrori
Shokubutsu Kenkyujo], (42): 1-211.

et (1978) A new status fcr the brown Parmelia, Mycotaxom,
(1) 4554,

Fahselt, D. (1979) Lichen substances of transplanted thallus segments of
Paymelia curberiandic. Canadian Journal of Botemy, 57(1):
23-25.

Foo, L.Y, and Galloway, D.J, (1Q79) Pseudodeps1dnnes and u:her
coustituents from hy
18(12): 1977~1980,

istry,

Foo, L.Y. and Gwyn, 8.4, (i978) Ideatification of morlobariol, a new
lichen comstituent from Xanthopcrmelia seabrosa (Tayl.) Hale,
Experiantia, 34(8): 970,

Fox, C.H, and Mosbach, K. (31967) On the biosyuthesis of lichen substances.
Part 3. Lichen acids as products of a symbiosis, Acta
Chemica Scandinavica, 21: 2327-2330,

Frege, C.G, {1812) Deutsches Botanisches Taschembuch, v. 2. Zeiz.

Fries, E, (1825) Systema Orbis Vegetsbilis, Pars 1, Plantae Homonemeae.

Lundae vil + 374 pps

Galloway, D.J. (1973} New Zealand Journal of Botamy (im preparation).

Gevinger, ¢.J. and Botha, B.J.V. (1977a) Anatektiess graniete in die
Mobile Gordal Namskwaland wes van Upington. Geological
Survey Bulletin, 61, :

(3977b) The gneisses angd reg,.onal
structural pattern of the Namaqualand Mobue nelt in  part of
the Gordonia district, iovy of
the geological Society of s:mch Africa, 80‘ 93-96.

Gerson, U, and Seaward, M.R.D. {1977) Lichen - invertebrate associations
pp. 69-119. int Seaward, M.R.D. {ed.) Lichen Ecology.
Academic Press, London - New York - $3u Francisco. x + 530 pp.

Ooh, E.M. and Wilkins, A.L. (1979) Structures of the lichen depsidones
granulatin and chlovogranulatin, Journal of the Chemical
Society, Perkin Trausactions I, 1979(6): 1636,

Green, T.G.A. and Snelgar, W.P. {1977} Parmelia scabvosa on glass in New
Zealand, The Lichenologist, 3(2): 170~173,




—

284

(Réfaragd~) Gyelnik, V, (193!) Additamenta ad cognitionem Parmeliarum
et II. Feddes Repertorium Specierum Novarum Regni
Vegetabilis, 29: 389-397; 401-419,

}
i

(1935) Revisio typorum sb auctoribus variis
descriptorum }. Anmales Musei Nacienalxs Hungaricl, (Evkonyv
Hagyar 1 Museum), 29: 1-54,

(1926) Revisio typorum ab auctoriubus variis
descriptorum 11, Annales Musei Nationalis Hungariei, (Evkomyv

Hagyar Te" Maseum), Pars Botanica,
30; 119-135.

{193%a) Additaments ad cognitiomem Pavmeliarum ViZl.
Sydowia Annsles Mycologici, 36(4): 267-294.

(1938b) Revisie typorum ad auctoribus variis
descriptorun ITT. Amnales Musel Nationalis Bungarici, (Evkomyv
Magyar Museun), Pars Botanice, 31:

2-57,

Bale, M.E, (1964) The Pamelia conspersa group in North America end Europe.
The Bryologist, 67: 462-473.

(1965) A of la sub. Amphigymnta. Contributions
from the Unlted States National Herbnnum, 36(5): 191358,

e (19672) New taxa in ia, i and liopsis. The
Bryologist, 70: 414-422,

(1967b) The Biology of the lichens, Edward Armold, London,

viii + 176 ppo

(1968) 4 synopsis of the lichen penus Poeudevernia. The
Bryologist, 71(1): 1-11,

vii + 296 pp.

(19713 Studies on Lia sub parmelia (Lichenes)
in South Africa. Botaniska Notiser, 124: 343-354,

mmssermee (1969) How to Kuow the Lichens, W.C. Brown, Dubuque, Iowa.

{1973) Fine structure of the cortex in rne lichen familv
Parmeliaceae viewed with the scamning electron microscope.
Smithsonisn Contributions to Botany (10).

(1974a) New combinations in the lichen genus Peeudoparmelia
Lynge., Phytologia, 28: 188~191.

e (1974b) Newt coubinaticns in the Lin\\m gotus Pamotrenc
Massalongo. FPhytologia, 28. 334-339

wmrermmes (1974¢) Delimitarion of the lichen genus Aypotrachyna (Vairio)
Hale. Phytologia, 28: 340-342.




"
v

i

I

1

i
)
|

i

285

Hale, M,E. (1974d) Bullothriz, Parmeli: Relicina and L 11
four new genera in the Parmeliaceae (Lichenes). Phytologia,
28(5): 479-490.

e (19742} The logy of the Lichens. Kdward Armold, London,
(20d Ed)- viii + 181 pp.

(1976a) A of the lichen gemus Preudoparmelia Lynge
(Parmeliaceae), Smithsonian Contributioms to Botany, (31}.

et (1976b) Symopsis f o new lichen genus Everniastrum Hale
(Parmeliacesa). Mycotaxom, 3(3): 345-353.

s (1976¢) Lichen structure viewed with the scanning slectron
wicroscope, pp. 1-15, in: Brown, D.H., Hawksworth, D.L. and
Baily, R.H. (Eds.) Ll.chenologx Progress and Problems.
Acadenic Press, London - New York = Sam Framcisco, wil + 551 pp.

(1979) How to know the lichems (E&, 2) W.C. Brown, Dubugue,
Lowa. viil + 246 pp.

Hale, M.E. and Kurokawa, ¥, (1964) Studies on Parmelia subgenus Parmelia.
Contributions from the United States National Herbarium, 36:
121-191,

Rarris, G.P. (1976) Watev content and productivity of lichens. pp. 452-468,
in: Lange, O0.L., Kappen, L. and Schulze, E-D. (Eds). Water
and Plant LLfa.I’roblems and Modexn Aggroaches. Springf-er—
Verlag, Berlin ~ Heldelberg - New York. xx + 536 pp.

Haslam; B, (1974) The Shikimate Pathway. Butterworths, Londoon. x + 316 pp.

Hawksworth, D.L. {(1976) Lichen chemotaxonomy, pp. 139-184, in: Brown, D.H.,
Hawksworth, D.L. and Bailey, R.H. {8ds.) L1chenolagz Progress
and Problems. Academie Press, London - New York - San
Francisco. xil + 551 pp.

(1978) The Taxonomy of the Lichen~forming Fungi:
reflections on some fundamental problems. pp. 21(-243 in:
Street, H.E, (1978) Essays in Plant Taxovomy, Academic Press,
London ~ New York - San Fraccisco. xiii + 304 pp (p.228).

Hayaighi, 0. (1974) Moleculsr Machanism of Oxygen Aukivation., Academic
ess, New York

Hendrickson, J.B., Ramsay, M.V.J, and Kelly, T.R. (1972) A new synthesis
of depsidones diploicin and gangaleoidin. dJournal of the
American Chemical Society, 94: 6834~6843,

Hillex, N, and Dunlevey, J.N. (1978) The Bokkeveld-Witteberg houndary im
the Montaquc-Touws River area, Cape Province. Iramsactions
of the geolo; cal Society of South Africa, 81: 101-104.

Hoffmann, G,F, (1790) De criptic et Adumbratio Plemtarum e Classe
Cryptogamica Limnaei quae Lichenes dicuntur. v, | Lipsiae.




286

Holmgren, P.K. and Keuken, W. (1974) Iadex Herbariorum, Part 1. The
erbaria of the Wor Ocsthoek, Scheltema en Holkema,
Utrecht Bd. 6. 397 p

Honegger, R, (1978) The ascus apex in lichenised fungi 1. The Lecanora-,
Pelt? jera~ and Teloschistes types. The Lichenolagist, 10(1):
4767,

Hooker, J. n _and Tsylor, T. (1844) Lichenes Antarctici. Hooker's Journal
£ Botany, 3: 634-658.

Hue, A.M. (1890) Lichenes exoticos a proffesare W. Nylander descriptos vel
recognitos. Nowvelles Archives du Muséum Paris (3) 2: 209-322.

———— (1899) Lichenes extra-Buropaei a pluribus collectoribus ad
Museum Parisiense missi, Nouvelles Archives du Mus&um
Paris (4} 1: 1-250,

Huneck, S. and Follman, G, (1971) Mitteilungen iiber Flechteninhaltsstoffe
LXXXVII, Heue Flechtensmalysen. Willdenowia, §: 273-282.

Iskandar, I.K. and Syers, J.K. (197:) lubility of lichen zompounds in
water : pedogenic implications. The Lichenologist, 5: 45-50.

{1972) Metal-complex fm mzation by lichen
compounds. Journal of Seil Science, 23: 255-26.

Jack, AM, (1979) Metamorphic variations across western Namaqualand.
Annual Report of che Precambrian Research Unit, University
of Cape Town, 16: 35-46.

Jahns, H.M. (1973) Anatomy, morphology and Development, pp. 3-58, ia:
Abmadjian, V. and Hale, M.E. (Eds.) The Lichens. Academic
Prass, New York - London. xiv + 697 pp.

James, .., Hawksworth, D.L. and Rose, F. (1977) Lichen Communities in
the British Isles: A Preliminary Comspectus. pp. 295-413 in:
Seaward, M.R.D, (£d.) Lichen Ecology, Academic Presa.
London ~ New York ~San Franciseo, ¥ + 550 pp.

Jatta, A, (1902) Licheni Cinesi raccolti allo Shem-Si Negli anni 1894-1898,
al rev. Padre Missionario G. Giraldi. MNuovo Giornals
Botanico Ttaliamo (M wa serie) 9: 460-481.

Joubert, P, (1971) The regional tectouism of the gneisses of part of
Namaqualand. Bulletin of the Precambrian Research Unit,
University of Cape Town, 10 1=220,

Kappen, L. (1973) Response to extreme enviromments, pp. 311-380, in
madjiar, V. and Rale, M.E. (eds.) The Lichens, Academic
Press, New York - London. xiv + 697 pp.

Karnefelt, I. (1979) The brown fruticose species of Cetvaria. Opers
Botanica (46): =150,

Reogh, M.F. (i976) 2'-D-demethylpsoromic acid from Uenea ap. Phyto-
chemistry, 15, 1801,

.




280

Talmgren, P.K. and Kewken, W. (1974) Index Herbariovum, Part 1. The
Herbaria of the World, Qosthoek, Scheltema en Holkema,

Utrecht 4d. 6+ 397 pp.

Houegger, R. (1978) The ascus apex in lichenised fungi 1. The Lecarora-,
Peltigerq~ and Telosakistes types. The Lichemologist, 10(i):

47-67

Houker, J.I'y 7 av. T, (1844) Lichenes Antarctici. Hooker's Journal
ot 634~658.

Hue, AJM. | 5 exoticos a proffesore W, Nylander descriptos vel
. - Neuvelles Archives du Musdum Paris (3) 2: 207-322.

e m—e— {1869} Lichenes extva-Europael a pluribus collectoribus ad
Maseum Parisiense missi. Nouvelles Archives du Musum
Paris (4) 1: 1-250.

Huneck, $. and Follman, G. (1971) Mitteilungen iiber Flechteninhaltsstoffe
LXXXVII. Neue Flechtenanalysea. Willdenowia, 6: 273-282.

Iskandar, I.K, ond Syers, J.K, (1971) Solubility of lichen compounds ia
water : pedogenic implications. The Lichenologist, 3: 45-50.

(1872) Metal-complex formation by lichen
compounds. Journal of Soil Sciance, 23: 255-265.

Jack, AM, (1979) Metamorphic variations _across western Namaquslaml.
Annual Report of the R h Toit, ity
of Cape Town, 16: 35-46.

Jshps, H.M. (1973) Anatomy, morphology and Development. pp. 3-38, inmt
Ahmadjian, V. apd Hale, M.E, (Eds,) The Lichens. Academic
Press, New York - loudom, xdv + 697 pp.

James, P.W., Hawksworth, D.L. and Rose, F, (1977) Lirhen Commmnities in
the British Isles: A Preliminavy Conspactus. pp. 205~413 in:
Seaward, M.R.D. (Ed.) Lichen Ecology. Academic Press.
London - New York ~S$an Framcisco, x + 550 pp.

Jatta. &, (1902) Licheni Gimesi xaceolii allo Shen-$i Negli amni  1894~1898,
dal rev. Padre Misgiopario 6, Giraldi. MNuovo Giornale
Botanico Italiane (Nuava serie) 9: 460-481.

Joubert, P, (197)) The regional tectonism of the grieisses of part of
Namaqualand. Bulletin of the Precumbrian Research Unit,
University of Cape Town, 103 1-220.

Kappen, L, (1973} Responsc to extreme envirarments, pp. 311-380, in
Ahmedjizn, V. end Hale, M.E, (eda.) The Lichens, Academic
Presd, New York ~ Loundon. xiv + 697 pp,

Raznefelt, I, (1979) The brown frutlcose species of Cetraria. Opera
Botanica (46): 1150,

Keogh, M.F. (1976} 2'-O-demethylpsoromic acid from Usmea sp, Phyto-
chemistry, 15, 1801,




e

T eI T e

287

Keogh, M.F. (1978) New f-orcinol depvidomcs from Xanthoparmelia
quintaria and a Thelotrema ep. Phytochemi-try, 17(7): 1192~
1193,

Keyser, AN, (1973) A preliminary study of the type arec of the
Cistecephalus zone of the Beaufort series, and a revision of
the family Ci halidae. Memoirs of the Geclogical
Survey of South Africa, 2.

Reyser, AW, and Smith, R.M.H., (1979) Vertebrate biozomation of the
Beaufort group with special reference to the Western Karon
Basin, Annals of the Geological Survey of South Africa, 32:
t-36,

Keyser, A.W,, Theron, J.N. and Jonnson, M.R. (1979) Note on the Ecca~
Baaufort boundary in the western Karoo, Ammals of the
Gaological Survey of South Afriea, §2: 69~72.

Kitching, J.W. (1979) The stratigraphic distribution and occurremee of
South African fossil amphibia. Palaeontologia Africana, 21:
101-112,

Koapp, R. (1973) Die Vegetatiop von Afrika. G, Fischer Verlag. Stuttgart.

Korf, R.P. (1973) Discomycetes snd Tuberales, pp. 249-319, in: Ainsworth,
6.C., Sparrov, F.K, and Sussman, A.S. (Idn,) The Fungi, v.
v Academic Press, New York ~ Sam Frameiseo - Landon.

+ 621 pp.

xv

Krog, H. (1978) On Parmeli (. 1a), an overlooked
Jichen species in Burope. Norwagian Journal of Botany, 25(1):
51=54.

krog, . and Swinscow, T.D.V, (i979) Parmelia subgems Hypotrachyna in
East Africs. Norwegian Jourmal of Botanv, 26(1): 11-43.

Kroner, A. and Bligraut, H.H. (1976) Trwards a definition of some teatomic
and igneous provinces in westera South Africa and southern
South West Africa. framsactions of the geological Society
of South Africa, 79: 232~238.

Kurokava, §. (1967) On the occudence of diffractsic, physedalic and
psoromic acid in the "armelise, Bulletin of the National
Science Museum [Kokuritsu Kagaku Hakubutsukan, Kenkyu Hokoku]
(Tokyo), 10(3): 369~378.

(1969) On the nccur,gncs of Horlobaridone in Parmelize. Journal
of the Hattori Botamical Leboratory [Hattori Shokubutsu
Renkyujo] (32): 205~218.

Rurckawa, 5. and Elix, J.A. (1971) Two new Australian Parmelise, Journal
of Japrnese Boteny, 46(4): 113~116,

Kurokawa, S,, Elix, J.A., Watson, P.L. and Sargeant, V. (1871} Parmeiia
wovata a new lichen species producing two new depsidones.
Journal of Japanese Botamy, 46(2): 33-36,




R ey o

288

Kurokawa, S. and Filson, R.B. (1975) New species of Parmelia from
South Australia. Bulletin of the National Science Museum
[Kokuritsu Kagaku Renkyu Hokoku] Series

B (Botany), 1(1): 35-48 + & plates.

Lange, 0.L. Schulze, E-D. and Koch, W. (1970) Experimentell-Bkologische
Untersuchungen an Flechten der Negev - Wiiste IL. CO,- Gasvechsel
und Wasserhaushalt von Ramaltna mactformis (Del.) Bofy, am
natiiichen Standort wirend der sommerlichen Trockenperiode.

Flora (Jena), 159: 38-62.

Laundon, J.K. (1979) Deceased lichenologists: Their abbreviaticns and
herbaria. %he Lichenclogist, _ll(l): 1-26,

Lawrey, J.D. (1977) Adaptive significamce of 4~O-methylated lichen
depsides and depsidones. “he Lichenologist, 9(2): 137-142.

Leistner, O.A, and Morris, J.W. (1976) Southern African place names.
ls of the Cape Provincial Meseums, 12: 1-565.

i C, (1753) Species Plantarum. L. Salvii, Stockholm. xii + 1200 +
31 pp.

Lynge, B. (1937) Lichenes Africani novi ab E.A. Vainio recognmiti.
Revue Bryologique et Lichenologique, 10: 78-91.

Maass, W.S.G., McInnes, 4.G., Smith, D.G. and Taylor, 4. (i877) Lichen
substances X. Physciesporin, 4 new chlorinated depsi<ome.
Canadian Journal of Chemistxy, §5: 2839-2844.

MacParlane, J.D. and Kershaw, K.A. {1978) Thermal sensitivity in lichens.
Science, 201 (4357): 739~741.

Magnusson, A.H. (1929) A momograph of the genus Acarospora. Kungliga
Svenska Vetenskapsakademiens Handlingar, (3) 7(4): 1-400.

(1932) Lichens from western North America mainly
Washington and Alaske. Annales de Cryptogamie Exotique, 5:
16~38.

{1933) Supplement ro the h of the geima pora.
Annales de Cryptogamie Exotique, 6(1): 13-48.

e e (1956 A second supplement to the monogrsph of Aamspam
with Keys. Goteborgs Kungliga
Handligar 8B (17): 1-34. ,

AH. and Zahlbrid , &, (1944) Hawaiian lichens TI. The
Families Lecideaceae to Parmeliamceae, Arkiv £5r Botauik,
31A(6) ¢ 1-109,

Mathey, A. (197!) Contribution a 1'8tude du genre Siphula (lichenes) er
rique. Nova Hedwigia, 22: 795-878.

Meyer, H.H.J. (1890) Ogtafrikanischen Gletscherfahrten, H. Keil. :
[Eoglish tFacsiation by Calder, E.9.6. (1891) Across Fest :

African Glaciers; The First Ascent of Kilimanjavo. %6, G. PRILip & Son,
Tonaon. xx + 404 pp. Bpls. 32 figs, 2 3"|nnp—TJ_.-




289

Minks, A. (1900) Beitrdge zur Brweiterung d - Flechtengattung
Onphalodium. Mémoires de 1'Herbi : Beissier, (21)3 79-94.

Yoberg, R. (1977) The Lichen genus Physeia and allied genera in
Feornscandia. Symbolae Botanicae Upsaliemsis, 22(1): 1-108.

Monteith, J.L. (1973 (Ed.) Vegetation apd the Atmogphere. v, 1.

Principles, Academic Press, London = New York ~ San Francisco.
K% + 278 pp.

Moore, J.M (1977) The gealogy of the Namiesberg, northern Cape. Bulletin
of the Precambrian Research Unit, Usiversity of Cape Town,

20,
Mosbacu, K. (1964) On the bi is of lichen . Part 1.
The depside gyrophorie acid. Acta Chemica Scandinavica, 18:
, 329334,
(1973) Biosy is of lichen pp. 523-346, in:

Abmedjian, V. and Tale, M.E. (Hds,) The Lichens. Academic
Press, New York ~ London. xiv + 697 pp.

Mosbach, K. and Bdvertoft, L. (1971) A comparative study on the bie~
synthesis of palmitic and orsellinic acids in Penieillium
baarnense. Acta Chemica Scandinavica 25: 1931-1936,

Mosbach, K. and Ehrensvird, U. (1966) Studies om lichen enzymes. Fart 1.
Preparation and properties of a depside hydrolysing esterase
and of 4 orsellinic acid decarboxylase. Biochemical and
Biophysical Research Communications, 22{2): 145-150.

Miller-Argau, J. (1883) Lichenologische Beitrdge XVII, Flox. . 66(2):
17-25; 45~48.

s (1888) Lichenologische Beitrdge XXX, Flora, 7{: 528-552.

- (1891) Lichenologische Beirrige XXXV, Flora, 74: 371-382.

armclie from Arizona. The

Nash, T.H. (1973} Two naw species of Xanthon
Bryologist, 76: 214215,

(1974a) of Arizonan lichens of the genus
Parmeli: lia. Bulletin of the Torrey

Botanical Club, 10)(6): 317-325

(1974b) New and additional Xanthoparmeliz from New Mexico,
The Bryologist, 77: 72-73.

Nicollier, G., Rebetez, M. et Tabacchi, R. (1979) Identifivation et
synthése de nouveaux depsides isolés de la mougse de chidne
(Fvernia prusnastirt (L) Ach.). Helvetica Chimica Acta, §2(3):
711=717,




P

e e B SR

EYE" e

290

de Notaris, G. (1846) Frammenti lichemografici di un lavaro inedito.
Giornale Botanico Italiano 1(1): 174=224.

(1847) Nuovi caratteri di alcuni gemeri della tribu delle
Parmeliacese. Memorie delle R, Accademia deile sciemze di
Torino, (2) 10: 365-389, (1849,

Nylandexr, W. (1860) Synopsis Methodica Lichenum, v.1. Paris. 430 pp.

(18662} Circa novum in studio lichemum criterium
chemicum. Flora, 49: 198~201.

(1866b) Quaedem. addenda ad nova criteria chemica in studio
lichenum. Flora, 48: 233-234.

(1867) Hypochlorita of lime and hydrate of potash, two aew
criteria in the study of Lichens, Journal of the hinnean
Society of London, Botany, 9: 358-365.

(1869) Circa reactiones Parmeliarum adnotatiomes. Flora,
52: 289-293.
Ohta, Y., lhggms, D.J. and }hbbons, 8.W. (1975) Metabalism of resorcinylic
by Bacteria, Purification and properties of orcinol
hydroxylase from Peeudomonaa putida 01. Jourpal of Biological
Ghemistry, 250: 3814~3825.

Poelt, J. (1972) Die taxonomische Behandiung von Arten paaren bei den
Flechten. Botaniska Notiser, 125: 77-Bl.

Potgieter, D.J. (1972) (Ed.) Standayxd Encyclopedia of Southerm Afiica,
v.6, WNASOU Ltd., Cape Town. 660 pp,

Pretorius, D.A. (1974) The structural boundary between the Kaapvaal and
Sonmama crustal provinces. University of the Witwatersrand
Economic Geology Researth Joit, 88: i~27,

Pryor, W.A. (1976) Free Radicals in Bmlogl Academic Press. New York ~
8an Francisco ~ Londonm, 2 vol

Reddy, P.V., Rao, P.5. and Subtamnn)am, 5. 1978) Influence of some
lichen substances on mitnais in 4777um eepa root tips. Indian
Journal of Experimental Biology, 16(9): 1019-1020.

Reid, D.L. (1977) Geochemistry of Pracambrian igneous rock in the lower
Orange river ragion. Bulletin of the Precambrian Research
Unit, University of Gape Town, 22.vii + 397 pp.

Renner, 3,, Henssen, A. und Gerstner, B. (1478) Methylvirensat und 5-
chlor methylvirensat aus Arten der Flachtengattung
Poeudo yphellaria. Zeltschrift fiir Naturforschung, 33CC11/12):
826-830,

Richard, 0.-J. {1877) Catalogue des Lichens des Deux~Sdvres. Niort.

o




A i &

e e R L e e s o T

Richardson, D.H.S. and Young, C.M. (1977) Lichens and vertebrates, pp.
121-144 in: Seaward, M.R,D, (EG.) Lichen Ecolopy. Academic
v-2sg. London - New York - San Franmcisco. x + 550 pp.

Sala, T, and Sargent, M.V. (1978a) New metabolites of the lichen Buellia
canescens (Dicks.) de Not. Novel pthalide catabolites of
depgidones, Journal of the Chemical Society, Chemical
Communications, 1978 (23): 1041-1042.

(1978b) Base catalysed and thermal rearrangements
of grisadiendiones to depsidones. Journal of the Chemical
Society Chemical Communications, 1978(23): 1043-1044,

Santesson, J. (1973) Identification and isolation of lichen substances,
pp. 633-652, in: Ahuadiian, V. and Hale, M.E. (Eds.
The Licheps, Academic Press, New York - Londom. xiv + 697 po.

Schyeber, J (l79l) Caroli a Linug, Genera Plantarum, v.2, Framcofurti
Moenum. Ed 8, 872 pp.,

Schulze, R.E. and McGee, 0.5, (1978) Climetic indices and classifications
in relation to the biogeography of southern Africa, pp. 19-52,

in: Werger, M.J.A. (EQ.) Biogeography and Ecology of Southern
Africa, v.1. W, Junk. The Hague.

Sheard, J.W. (1974) The genus Dimelaena in Worth Americe morth of Mexico.
The Bryologist, 77t 128~141.

Shone, R.W. (1978) Giant Cruziang from the Beaufert group. Tramsactions
of the geological Society of South Africa, 81(3): 327-329,

, E. (1964) Chlorogenic acids and Related Depsides. The
Botanical Review, §0: 667-712.

Sprengel, K. (1827) Systema Vegetabilium (Caroli Linnaei) v.4, mo. 2,
4. 16, Tottingae.

Steiner, M. (1955) Ein stabiles Diaminreagens fiir lichenologische Zwecke.
Berichte der Deutsche botanische Gesellschaft, §8: 35-40.

Stirton, J. (1877) Additions to the lichen flora of South Africa.
Transactions of the Glasgow Society of Field Maturalists, 5t
211-220.

(1878) On certein lichens belonging o the genus Farmelia.
The Scottish Naturalias, 41 200-203; 252-254; 298-299.

Stizenberger, E. (1890) Lichenaea Africana.Bericht Gber die Thatigkeit der
8t. Callischen naturwissenschaftlichenGesellschaft wirend des
Vecainsjahres 1888/89: 105-249,

Stowe, C. (1979) The Upington Geotraverse, national geodynamics project -
1979, Progress report and outline of macrostructures. Ammual
Report of the Precambrian Research Unit, University of Cape
Town, 161 20-34.




292

Stratten, . (1971) Sub-Karco Geology of the Karoo basin im South Africa.
2nd Intermational Sondwana Symposium, IUGS South Africa 1970,
Papers and Proceedings, pp. 209-211.

Sturelid, 8, and Lundetrdm, H. (1972) The influence of lichen extracts
on Viola faba and Chineae hampstar cells. Experientia, 28(10):
1238-1239. -

Swinscow, T.D.V. and Krog, H. (1978) The genmus Diringria in East Africa.
Worweglan Journal of Botany, 25(2): (§7-i68.

Syers, J.K. and Iskander, L.K. (1973) Pedogenic significance of Lichens,
pp. 225-248, in: Ahmadjian, V. and Hale, M.E. (Eda.
The Lichens. Acedemic Press, New York - Londem. xiv + 657 pp.

Talbot, &.M. and Talbot, W.J, (1960) Atlas of the Union of South Africa,
The Government Printer, Pretoria. lxiv + 177 pp.

Taylor, C.J. (1967) The Lichens of Ohfo, Part I. Folicse Lichens. Ohio
Biological Survey, Blological Nokes no. 3. The Ohie State
University, Columbus, Ghio.

et~ (1968) The Lichens of Ohio. Part 2. Fruticoge and
Cladoniform Lichens. Ohio Biological Survey, Biological Notas
7o, 4. The Ohio State Univewsity, Columbus, Ohio.

Taylor, T. (1847) New lichens principally from the Herbarium of Sir
Williaw J. Hooker. London Journal of Botany, §: 148-197.

Theron, J.N. (1971) A stravigraphical study of the Bokkeveld group (series)
Papers and Proveedings of the 2nd Internatiopal Gondwana
Symposium, IUGS South Africa, 1970, pp. 197-204.

de Tournefort, J.P. (1694) Elémens de Botanique Paris

Trigonomatricai Survey Office, The (a) South Africa, 1:250,000, Rainfall
wnap-sheets. The Government Printer, Pretoria !965~1966.

The (b) South Africa, 1:50,000, Topocadastral
sheets, The Government Printer, Pratoria,

Truswell, J.F. {1977) The Geological Evolution of Scuth Africa. Purmell,
Cape Town. ~218pp.

Turner, W. BA (197!) Tupgal Metabolites. Academic Press, London - New York.
446 pp,
Uys, N.J. and Enslin, J.F. (1970) Geological Map of the Republic of South
Africa, and the Kirgdoms of Lesotho and Swaziland, 1:1,000,000,
The Govermment Printer, Pretoria. 4 sheats.

Vainio, E.4, (1826) Lichenes Africant Novi. Ammoles Universitatis
Peonicae Aboénsis [Turun Suomalaisen Yliopiston Julkaisujal,
(Sor. &) 209)¢ 133

T ]




B e

293

Vajmer, V. (1974) The tectonic development of the Namagua Mobile Belt
and its foreland in parts of the Northern Cape. Bulletin of
the Precambrian Research Unit, University of Cape Town, l4.
210 pp.

Vartia, K.0, (1973) Antibiotics in lichens, pp. 547-561, in: Ahwadjian,
V. and Hale, M.E, (Eds,) The Lichems. Academic Press, New
York - Tondon, xiv + 697 pp.

Visser, J.N.J. amd Loock, J.C. (1978) Water depth in the main Karoo basinm,
South Africa, during Beca (Permian) sedimentation. Transactions
of the geological Society of South Africa, 81: 185-191.

Visser, J.N.J., Loock, J.G., van der Merwe, J., Joubert, C.¥., Potgieter,
C.D., McLaren, C,H., Potgieter, G.J.A., van der Westhuiren,
W.A., Nel, L. and Leomer, W.M. (1979) The Dwyka formation and
FEeca group, Karoo sequence, in the northern Karoo basin,
Kimberley-Britstown area. Annals of the geological Survey
# 7 "% Africa, 12: 143-176,

Vobis, G .ies on the germimation of lichen comidis. The
gist, 9(2): 131-136,

Wainio, E.A, (i590) Btude sur la classification naturelle et la morpholc,
des lichens du Brxéyil. Acta Societas pro Fauna et Tlora
Fenniea, (2)7: 3-255.

(1899) Lichenes in Caucaso et in peninsula Taurica amnis
1584-1885 ab H. Lojka et M. a Déchy collecti. Természetrajzi
Fhzetek, 22: 269-343,

Weather Bureau. (Department of tramsport.) Report on the Meteorological
ata of the year 19— (Annual Reports). The Covernment Printer.
Pretoria,

Webex, W.A. (1968) A v:axonomc revision of A"r_menom subgenus
i st, 41 16-31.

(1977} Envi 1 modification and llchen taxonomy, pp.
9-29 in: Seawaxd, M.R.D, {id.) Lichen Ecology. Academic
Prass. London - Hew York = San Prancisce. X + 550 pp.

Werger, M.J.A. (1978a) Biopsographicel division of southarn Afriea, pp.
1

#5-170 in: Werger, M.J.A. (%d.) Biopeorrarhy .nd Ecology of
Southern Africa v.i, W, Jumk, e Homne v & 639 pite

oo (1978b) The Raroo-Namib Region, pp. 231289 in: Werger,
M.J.A. (%d.) Biogeography and Ecolowy of Southern Africa.
vob, W, Junk, The Nague, ®v + BSY pp.

Wessels, D.C.J., Wessels, L.A. and Holzapfel, W.H, (1979) Preliminary
eport on Lichen feading Coleoptera Occurring on Telvechistes
ocapensts in the Nanll Desert, Bouth West Africa. The
Bryologist, 82(2): 270-273.




4
e
i
1
i
i
i
{
}
IN

294

Viggers, F.H. (1780) Primitise Florae Holeaticse.Kiliae.

Winnem, B. (1975) Parmelic sub Amphigynnia in Bthiopis. Norwegien
Journsl of Botany, 22: [41-166.

Wirth, V. (1972) Die silikatflechten-Gemeiuschaften in eusser alpinen
Zentraleuropa, Dissertationes Botanicae, 17: 1306,

Yamazeki, M., Matsuo, s. and Shibata, S. (1965) Miosynthesis of lichen
depgides lecanoric aeid and atranorin. The Chemical and
Pharmaceutical Bulletin [Nihon Yakugakkai] (Tokye) 13:
1015-1017.

Ywunazaki, M. and Shibata, S. (1966) Biosynthesis of lichen substances
II. Parucxpacton of €, unit to the formatinn of g-orcinel
type lichen depside. The Chemical ond Phavmaceutical Bulletin
[Nihon Yakugaldeai] (Tokyo) 14: 96-97.

Zahlbriickner, A. (1926) Afrikanische ¥lechten (Lichenes) [in Engler, .,
EElttagL sur Flora von Afrika. l.II] Bnta\usche Jahrbucher
PEL und P

60¢ 468-564.

et reerreree (1929} Catalogus Licheoum Universalis, v.6. Berntraeger,
Liepzig. 618 pp.

e (1932) Lichenes in Africa lectl. Annales de Cryptogamie
Exotique, 5: 198-275,

Zopf, W. (1907) Die Flechtenstoffe iu chemischer, botamischer,
pharmakologischer und technischer Beziehung,  Jens. xi + 450 pp.

(1908) Beitxi3ge zu einer chemischen Monographie der Cladoniaceen,
Berichte Jder Deutscha boranische Gesellschaft, 26: 5i-113.

Zuckerkandl, L. (1968) The evolution of hemoglobinm, pp. 53~61 in:
Readings from Scientific American; Bio-orpanic Chemistry,
Freeman and Go., San Feraneisco. 317 pp.




T -

e e

7 INDEX TO LIVING TAXA AT GENUS LEVEL OR LOWER

(Excluding Table 4)

Acacta Mitl,

Acarospora (Xanthothallia) Mass,

Borrera Ach.

Buellia de Not.

Catopiaea Th.Fr.

Caloplaca haematodes (Mass.) Zahlbr,

Cetiaria Ach,

Uentrelia Culb. et Culb.

Cetrelic cetrarcidss (Del. ex Duby) Culb, et Culb.
Denmatocarpon Bschsr.

Dimslagna Norw.

Dimelaena oriena {ach) Norm.

Divinaria {Tuck.) Clem.

Ennsapogon Desv. ex Beauv,'

Reterodermia boyyi (Yee) Hale

Rypotrachyna flovide (Zahlbr.) Hale

Hypotrachyna vellosiac (Wain.) Hale

Imbriearia (Schreb.) Ach.

Imbricaria conspersag vax lame (Mill. srg.) Jatta
Imbyiearia eonatrictens (Nyl,) Jatta

Imbricaria constriotans var eradieate (Nyi.) Jatta
Imbricaria aubconspersa (Nyl.) Jatts

Lasatiia papuiose (Ach.) Llano

Losallia pussulate (L.} Mér,

Lecanora leptoplaca Zahlbr.

Lecidea Ach,

Pages

110

1, 28

141
141

¢ s




CEE s g e

AT

7 . INDEX T0 LIVING TAXA AT GENUS LEVEL OR LOWER

(Excluding Table 4)

Aoacia Mill.

Aearngpora (Xanthothallia) Mass.

Borrera Ach.

Buzllia de Not.

Caleplaca Th.Fr.

Calopluca hasmatodes (Mass.) Zshlbr,

Cetrariq Ach,

Centrelia Culb, et Culb.

Letrgliq oetraroides (el ex Puby) Culb. et Culb,
Dermatocarpen Eschw.

Dimelaena Norm.

Dimelagna oriena (Ach.) Norm.

Zrinaria {Tuck.) Clem.

Enneapogon Desv. ex Beauv,

Heterodeyrmia boryi (Fee) Hale

Rypotrachyna flavida (Zahibr.) Hale
Bypotrachyna velloziae (Wein.) Hale

Inbricaria (Schreb.) Ach.

Inbricaria conspersa var laxe (Mill. Arg.) Jatta

Inbpioavia constyictans (Nyl.) Jatta

briuar triotans var dagba (Nyl.) Jatta
Imbrioarta suboonsperea (Nyi.) Jatta
Lasallia papulosa {Ach.) Llanc
lusallta pustulate (L.) Mér,
Levanora leptoplace Zshlbr.

Lectidea Ach.

295

Pages

110

1, 28

36, 252
111
111
f10
209
141
14
199
80

169




R P

=

296

Index to taxa cont. Pages
Lichen L. 109
Lichen sect. Imbricaria Schreb. 110
Lichen sect. Lobayia Schreb, 110
Lichen candelarius L. 1o
Lichen centrifugus L. 108
Licken conspersus Ach. 109, 13¢
Livhen inourvus Pers. 109
Lobavia (Schreb.) Hoffm. 116
Lobayia pulmonaria (L.) Hoffm, 110
Neofuscelia Essl. 1, 95, i1, 148, 151, 190
Neofusealia opplicata (Stiz.) Essl. 95, 190
Neofuscelia melancholioa (s. Seir. et Zahlbr.) Essl, 95
Neofuseelic pulla {Ach.) Rasl. 40, 87, 251
Neofuguelia pulloides (Bssl,) Essl. 70
Onphalodiun hottemtottum (Ach.) Flot. 25, 28, 29, 36, 93, 204, 254, 264
Omphalodium mitabile (Tayl,) Minks 199
Oropogon lomensic (Fes) Th. Fr. 67
Parmelia Ach. 1, 1o, 1
Pamelia sect. Ruparmelia Waln, m
Paxmelio adhaerons Kyl. 124
Parmelia atroventralis Hale 205
Parmelia austroafycana Stirt. 198
Payme b z wloana £. la Gyal. 200
Parmelia baybatica Elix 126, 127
Pamelia brummithaleri J. Stein, et Zahlbr, 126
Paymelia brunnthaleri £. {rvegularis Gyel. 205
Parmelia burmeistert Blix 130




T iy S e i,

297

Index to taxa comt. Pages
Parmelia cerestna Vain. ex lynge 199
Parmelia chalybaeizane (J. Stein, et Zahlbr.) Gyel. 131
Parmelia ehlovea Stiz. 216, 218
Parmeliq colovata Gyel. 136
Parmelia columnata Bele 138
Parmeliq congolor Spreng. 217
Parmelia eonspersa Ach, 200
Parmelin conapersa var austroafyicana (Stirt.) Stiz, 199
Bemelia conspersa ver constrictans (Nyl.) Ma1l, Arg. 141
Pamiglia comspers rav endomiltodss (Nyl.) Mill. Arg. 150
Paraelia ¢ speysa .. credicaia (Nyl.) Mill. Arg. 14
Parmelia conspersa var incisa (Tayl.) Zshlbr. 210
Pomelia conspersa var laxa Mill, Arg. 209
Fam-elia conspersa £. molliuscula (Ach.) Wain, 174
Paymeltic conspersa £. stenoters (Stirt.) Gyel. 200
11, v x oub (M¥y1.) B. Stain 19¢

24 % ver &y ta (Seirt.) Cyel. 210
Parmeli £, tevricola (J. Stein. et Zanlbr.) Gyel. 198
Parmali, 7 var theomidiella (Stive,) Stiz. 174
Parmzlia conapevsuia Wyl. 140
£ P £, chalybasi (2. Stein, et Zahlbr.) Gyel. 131

F amelia constrictans Hyl, 160
Parmelia comstrietans ver eradicate Nyl. 140
Farmelia oowturbata var exornata Zshlbr, 151
FParmelia dichrematica Hale 146
Parmelia digitatula var icola Gyel. 200
Farmeliy domokogit Gyel. 177




T

297

Index to taxa cont. Pages
Parmelia cervesing Vein, ex Lynge 199
Parmeiia chalybaeizana (J. Stein. et Zahitbr.) Gyel. 13
Parmelic chlorea Stiz. 216, 218
Parmelia colorata Gyel. 135
Parmelia colummata Bale 138
Parmelia eenzolor Spreng. 217
Parmelia conspersa Ach, 00
Barmeld D var troafricana (Stirt.) Stiz, 199
Parmels, var trict (Nyl.) MGLl. Arg. 141
Parnelia conspersa var endom’ltodes (Nyl.) Mill. Arg. 150
Parmeli persa var eradicata (Nyl.) Mill. Arg. 141
Parmelia conspersa var inetea (Tayl.) Zshlbr. 2io
Poarmelia conspersa var laxa Mill. Arg. 209
Pasmels persa f. moiltusoula (Ach.) Wain, 124
Parmelie ? £, (stirt.) Gyel. 200
Parmelia conspersa var subconspersa (Nyl.) B. Steia 199
Pamelia conspersa var syngaita (Stirt.) Gyel. 210
liq conspersc £. terricola (J. $tein, et Zahlbr,) Gyel. 199
Furmelia congpersa var thammidiella (Stirt.) Stiz. 174
Parmelia comspersula Wyl. 140
Parmel ' £. chalybaeizans (J. Stein, et Zahlbr.) @yel. 131
Parmelia constrictans Nyl. 140
Parmelia constrictans var eradicata Nyl. 1460
Parmetia conturbata vav excrnat@ Zahidr. 15t
Parmelia dichromatica Nale 146
‘e digt: ta var feola Gyel. 200
Farmelia domokosii fyel. 177




298

Index to taxa cont. Pages
Pavmelia encrustans Hale 177
Parmel=a endomiltodes Byl. 150
Parmelia eradicata (Nyl.) Gyel, 141
Parmelia globulifera Kurok, et Filgon 155
Parmelia heterodoza Hale 157
Parmelia hypoclysta Nyl. 135
Parmalic hypoleia Nyl. 158
Parmeliz hyvoleta var crenata Nyl. 158
ia hypoleta . fypoleioides (Vain.) Gyel. 159
FParmelic hypoleta var temuifida Wyl. 158
Parmelic hypoleioides Vain, 159
Parmelia hypomelaera Hale 162
Parmelia hypoprotocetrarica Kurck. et Elix 164
Barmelia hyporhytida Hale 167
Parmelia .acica Tayl. 209
Parmeiia tnterrupta Stiz, 07
Farmelia trregularie (Gyel.) Kurok. 205
Parmelia lawa (Mill. Arg.) Gyel. 2t0
Farmelia lecanorica Hale 213
Parmelia - seula Ach. 174
Parmelia mutabilis Tayl. 160, 162, 198
Parmalia nigropsovonifera Nash 185
Purmelia perplesa Stiz. a7
Parmelia perspersa Stiz, 177
Parmelic pheophana Stirt. 198
lda pheophana vax stire. 199
Parmeliq protomatrae Gyel. 199




IR

ol

Index tu

Parmelia
Farmelia
Parmelia
Parmelia
Parmelia
Farmalia
Parmeiia
Parmelin

taxa cont.

psoromifera Kurok.

reticulata Nees

sazett Stiz.,

ecabrosa Tayl.

achenckiana Mill. Arg.

aohenckiana var chalybaeisans J. Stein. ec Zshlbr.
achreuderiana Gyel.

steinert Gyel.

Parmslia
Bumelia
Parmelia
Parmelia
Parmelia
Parmelia
Farmelia
Paxmelia
Parmelia
Parmelia
Pamalic
Parmalia
Parmelia
Parmelia
Parmelia
ZParmelia

Farmelia

phylla £. hyp Vain, ex Lynge
agtenotera (Stirt.) Dedge
subcongpersa Nyl.
subconserpsa var tneiag (Tayl.) Stiz.
subcruataeea Gyel.
gubdecipians Vain. ex Lynge
subdomokosii Hale
subramigera Gyel.
subrudseta Nyl.

subsehenckiana Gyel.

symeotia Stire,

tasmanica Hook. E. et Tayi.
taylovi Dodge

teppicola J. Stein. et Zahibr.

thamnidialla Stirt.
worceotari J. Stein. et Zahlbr,
wrightii Dodge

xanthotropa Stirt,

Parmetvems Mass .

299

Pages

184
158
124
190
193
130
131
29, 174
162
200
198

209

218
209
209
200
199
174
212
200
218
104, 107, 201

A




Index to taxa cont.

Permotrema austrosinense (Zahlbr.) Hale
Peltigera polydactyia (Neck.) Hoffm.
Fenieillium baarnense v. Beyma
Penietlivun patulum G, Bain.

Pheophysoia Mob.

Physeia (Schreb.) Michx.

Placodium Wigg.

Placodium candelarius {(L.) Wigg.
Peendevernia moliiuscula {Ach.) Dodge
Peeudevernia thommidiella (Stirt,) Dodge
Pseudomonas putida (Trev.) Mig.
Peeudopermelia Lynge

Peudoparmelia amexa (Rurok.) Hale
Pseudoparmelia chlorea (Stiz. ad int.
Pyeudoparmelia condyloides (Rurok.) Hale
Pgoudoparmelia molybdiza (¥yl.) Hsle
Peeudcpormelia ephagrospora (iyl.) Hale
Pseudoparmelis: venderbylit (Zahidr.) Hale

Peeudoparelia violaswa (Kurok.) Hale

Ramalina celastri (Spremg.) Krog et Swiuse.

Ramalina wecwformic (Del.) Bory
Relicina abatrusa (Wain,) Hale
Rhigosim Burch.

Rhigocarpon geographicum (L.) D.C.
Bhug L.

Roeella D.C.

Salsela 1.

300

Fages

110
i10

80

1, 94, 95, 111, 217, 218
95

95

96, 133
94, 95
m

7

95, 151
7

7

1t

18

62, 185, 255




.

T A s

Index to taxa cont. Pages
Siphula torulosa (Thunb. ex Ach.) Nyl. 41
Squaneria Hoffm. e
Squamaria interrupta (Stiz.) Gyel. a7
Squamaria leptoplaca (Zshlbr.) Dodge 169
Stipagrostis Nees 17
Teloschistes capensie (L.£.) Malme 82
Xanthoparmeliz (Wain.) Hale 1, 2, 17,19, 21, 24, 35, 26, 27

35, 41, 52, 63, 78, 84, 91, 95, 100, 105, 109, 110, 111, 158, 180, 190
Xanthoparmelia adhcerens (Nyl.) Hale 25, 29, 54 , 59, 64
69, 91, 96, 102, 113, 124, 125, 170, 171, 198, 276

Xanthoparmelia amphivcnthoides (3. Stein. et Zahlbr.) Hale 92, 175
Xanthoparmelia arida Egan et Derst. 214
Xenthopavmelia atroventraits (Hale) Hale 208
XYanthoparmetic austroafricana {Stirt.) Hale 200

Xanthoparmelia brurnthaleri (J. Stein. et Zshlbr.) Hale 16, 25 , 27, 28
40, 41, 54, 67, 7, 88, 94, 96, 101, 102, 103, 107, 120, 126, 128, 220
226, 227, 233, 251, 267.

Xanthoparmelia buimgictert (Flix) Brusse 54, 78, 87, %2, 96

, 102, 123, 130, 148, 160, 251, 252, 250
Xanthoparmelia cambochadalia (Ach.) Hale 10
Xanthoparmelia centrifuga (L.) Halae 109, 110

Xenthoparmeiia chalybagizans (J. Stein. et Zahlbr.) Hale a5, 27, 28
2, 54, 63, 66, 68, 91. 94, 96, 102, 113, 119, 121, 130, 132, 133, 134
153, 167, 180, 202, 212, 214, 243, 244, 245, 247, 263, 274, 278.
Yanthoparmelia chlovea {8tiz.) Hale 216
Xanthopormelia colorata (Gyel.) Hale 25, 28, 29, 63, 70, 94, 97, 102
103, (04, 108, 115, (18, 136, §37, 187, 193, 194, 195 243, 273, 274,




Index to taxa cont.

Xanthoparmelia eolumnata Hale

102, 122, 138, 160, 165, 166, 249, 278.
Xanthoparmelia concolor (Spreng.) Hale
Xanthoparmelia comspersa (Ach.) Hale
109, 110, 123, 139, 191, 265.
Xanthoparmelia conspersula (Nyl.) Hale

Xanthoparmelia eonstrictans (Nyl.) Hale

302

Pages

25, 29, 58, 61 , 92, 93, 96, 98

217
64, 69, 96

141, 142
25, 29, 63, 64, 69, 87, 91, 96

101, 102, 113, 114, 116, 117, 124, 140, 142, 143, [44, 264, 276.

Xanthoparmelia ewnberlandia (Gyel.) Hale
Xenthoparmelia dichromatica (Hale) Hale
102, 117, 145, 146, 147, 148, 151, 269.
Xanthoparmelia dissensa (Nash) Hale
Xenthoparmelia domokosii (Gyel.) Hale
Xanthoparmeiia dysprosa Brusse

102, 123, 149, 214, 244, 255, 259.
Xanthopurmelia encrustans (Hale) Hale
Xanthoparmelia endomiltodes (Nyl.) Hale
102, 118, 146, 147, 148, 150, 168, 243.
Xanthoparmelia evadicata (Nyl.) Hale
Xanthoparmelia ezornata (Zahlbr.) Bruase
96, 98, 95, 100, 101, 102, 121, 122, 133,
%6, 248, 257, 260, 278.

85
25, 28,29, 62, 69, 92, 95, 96

178
178
23, 51, 87, 92, 96

178
2%, 33, 63, 67, 69, 95, 96

141, 142
25, 27, 28, 29, 63, 68, 93
138, 151, 153, 160, 165, 174,

Xanthoparmelia flavobrumea (Mill. Arg.) Hale 194

Xanthopanmelia globulifera (Kurok. et Filson) Brusee 25, 29, 70, 71, 96

100, 102, 123, 135, 206, 207, 265.
Xanthoparmalia heterodoxa (Hale) Hale

28, M9, 51, 52, 91, 97

102, 104, 106, 112, 157, 158, 189, 190, 214, 277.




302

Index to taxa cont. Pages

Yenthoparmelia eolumnata Hale 25, 29, 58, 61 , 92, 93, 96, 98
102, 122, 138, 160, 165, 156, 249, 278.

Xanthoparmelia eoncolor (Spreng.) Hale 217
Xanthoparmelia conspersa (Ach.) Hale 64, 69, 96
109, 110, 123, 139, 191, 265.

Xanthoparmelia conspersula (Nyl.) Hale 141, 142
Xenthopar-ia eonstrictans (Wyl.) Hale 25, 29, 63, 64, 69, 87, 91, 96
Xanthoparmelia cumberlandia (Gyel.® Hale 85
Xanthoparmelia dichromatica (Haie) Fale 25, 28,29, 62, 69, 92, 95, 96

102, 117, 145, 146, 147, 148, 151, 269.

Xamthoparmelia dissensa (Nash) Hale 178
Xenthoparmelia domokosti (Gyel.) Hale 178
Xanthoparmelia dysprosa Brusse 29, 51, 87, 92, 96

102, 123, 148, 214, 244, 255, 258.

Xanthoparmelia encrustans (Hale) Hale 178
Xanthoparmelia endomiltodes (Nyl.) Hale 28, 33, 63, 67, 69, 95, 96
102, 118, 146, 147, 148, 150, 168, 263.

Xanthoparmelia evadicata (Nyl.) Hale 141, 142
Xanthopaxmelia ewornata {Zanlbr.) Brusse 25, 27, 28, 29, 63, 68, 93
96, 98, 99, 100, 101, 102, 121, 122, 138, 139, %, 153, 160, 165, 174,
246, 248, 257, 260, 278.

Xanthopavmelia flavobmomea (Mill. Arg.) Hale 194
Xanthoparmelia globulifera (Xurok. et Filson} Brusse 25, 29, 70, 7{, 96
100, 102, 123, 155, 206, 207, 265.

Xanthoparmelia heterodoma (Hale) Hale 28, 29, 51, 52, 91, 97
102, 104, 106, 112, 157, 158, 189, 190, 214, 277.




303

Index to taxa cont. Pages

Xanthoparmelia hypoleia (Nyl.) Hale 16, 25, 29, 62, 65, 87, 89, 92, 93
96, 98, 101, 102, 122, 130, 149, 158, 160, 163, 164, 180, 198, 249, 256,
Xanthoparmelia hypomelaenz (Hale) Hale 162
Xanthoparmeliz hypomelaena (Vain. ex Lynge) Brusse 25, 29, 55, 56, 67

71, 93, 96, 102, 122, 162, 163, 168, 176, 198, 251, 255, 258.

hypop: (Kurole, et Elix) Hale 25, 29, 58, 61
78, 96, 102, 122, 130, 139, 145, 149, 160, 164, 165, 186, 243, 257.

Xanthoparmelia hypopsiia (Mill. Avg.) Hale 116, 143
Xanthoparmelia hyporhytida (Hale) Hale 63,68, 89, 93, 96

102, 103, 115, 116, 121, 167, 202, 261,

N

Xanthoparmelia tanthing Brusse 9, 33, 67, 69, 71, 95, 96

102, 118, 147, 148, 151, 168, 268.

Xanthoparmelia incurva (Pers.) Hale 109, 110
Yanthoparmelia jovemadia (¥ash) Hale 84, 95, 214
Xanthoparmelia lecanorica (Hale) Hale 213

Xanthoparmelia leptoplaca (Zahibr.) Brusse 16, 25, 28, 54, 63, 95, 97
102, 113, 124, 132, 133, 169, 170, 171, 250, 275.

Xanthoparmelia leucostigma Brusse 51, 96, 98, 102, 121, 153, 173, 261
Xanthoparmelia moatezumensic Nash 67
Xanthoparmelia moliiuscula (Ach.) Hale 64, 69, 92, 96, 102, 118
174, 178, 254, 266.

Xamthoparmelia neceongensis (dale) Hale 180
XYanthoparmelic rotata (Kurck.) “ale 163
Xanthoparmelia peveperen (Stiz.d ™ -~<e 25, 27, 28, 29, 58, 60, 61, 66
68, 69, 91, 96, 97, 102, 17" 113, 114, 115, 117, 118, 120, 165
177, 180, 181, 213, 244, 245, 1, 253, 268, 270, 271,




303

Index to taxa cont. Pages

Xemthoparmelia hypoleta (Nyi.) Hale 16, 25, 29, 62, 65, 87, 89, 92, 93
96, 98, 101, 102, 122, 130, 149, 158, 160, 163, 164, 180, 198, 249, 256.
Xanthoparmelia hypomelaena (Hale) Hale 162
Xanthopaxmelia hypomalaena (Vain. ex Lynge) Brusse 25, 29, 55, 56, 67
71, 93, 96, 192, 122, 162, 163, 168, 176, 198, 251, 255, 258.

Xanth ia hypop {ca (Kurok. et Elix) Hale 25, 29, 58, 61
78, 96, 102, 122, 130, 139, 145, 149, 160, [64, 165, 166, 243, 257.
Xanthoparmelia hypopeila (Mill, Avg.) Hale 116, 143
XYanthoparmelia hyporhytida (Hale) Hale 63, 68, 89, 93, 96
102, 103, 115, 116, 121, 167, 202, 261,

Xanthoparmelia ianthing Brusse 29, 33, 67, 69, 71, 95, 36
102, 118, 147, 148, 151, 168, 268.

Xenthoparmelia tneurva (Pers.s Hale 109, 110
Xanthoparmelia joranadia (Nash) Hala 84, 95, 214
Xanthopeamelia lecanorica (Hale) Haie 213

Xanthoparmelia leptoplaca {Zahlbr.) Brusse 16, 25, 28, 54, 63, 95, 97

102, 113, 124, 132, 133, 1i9, 170, 171, 250, 275.

Xanthoparmelia lewaostigne o, -ese 51, 96, 98, 102, 12t, 153, 173, 261
Yanthoparmelia moctesimeneis Nash 67
Xenthoparmelia molliuscula (a-h.) Hale 64, 69, 92, 96, 102, 118
174, 176, 234, 266,

ZXanthoparmelia neocongenats (Hale) Hale 180
Xanthoparmelia notata (Kurok.) Hale 165
XYanthoparmelia perspersa (Stiz.) Brusse 25, 27, 2%, 29, 58, 60, 61, 66
68, 69, 91, 96, 97, 102, 103, 107, 108, 113, 114, 115, 117, 118, 120, 165
177, 180, 181, 213, 244, 245, 247, 248, 253, 268, 270, 271,




304

Index to taxa comt. Pages
Xanthopaymelia protomatrae (Gyel.) Hale 200
Xanthopaymelia pssudohypoleta (Blix) ad int. 166
Xanthoparmelia psoromifera (Kurok.) Hale 25, 27, 28, 62, 63, 94, 96

97, 102, 1%, 115, 119, 184, 186, 187, 194, 234, 243, 244, 252, 273.
Xanthoparms..a quintaria (Hale) Hale 59
Xanthopavmelia valla Brusse 29, 91, 95
102, 104, 106, 12, 158, 188, 183, 190, 192, 247, 277.

Xanthoparmelia scabroge (Tayl.) Hale 25, 27, 52, 9%
10z, 123, 190, 191, 192, 266.

Zanthopavmelia schenckiona (M31l. Arg.) Hale 25, 27, 28, 29, 62, 70, 94
95, 97, 98, 102, 104, 108, 116, 137, 187, 192, 193, 194, 195, 249, 273.
Xanthoparmelia squamatica Brusse 29, 55, 97
toz, 112, 114, 189, 197, 198, 278.

Xonthoparmelia subconsperse (Nyl.) Hale 5, 27, 28, 29, 57, 61, 62
65, 66, 89, 93 96, 98, 100, 102, 115, 119, 120, 194, 198, 202, 203, 209,
217, 267, 263, 264, 265.

Xonthoparmelia suideoipiens (Vain. ex Lynge) Hale 27, 28, 29, 70, 92
96, 100, 102, 117, 120, 148, 156, 205, 507, 268,

Xenthoparmelia subdomokostii (Hale) Hale 178
Xenthoparmelia auberadicata (des ib,) Hale 143, 145
Xanthoparmelia subramigere [Gyel.: Jole 27, 65, 96

100, 102, 13, 191, 208, 266,
Xanthoparmelia tavactica (Kremp 5 d-ic 132, 210
Xemthoparmelia tasmantea (Ruok.$, o. Mayl.) Hale 25, 28, 29, 63, 89

92, 93, 96, 102, 117, 143, 164,

. 210, 211, 212, 252, 266,

Xanthoparmelia websri (Hale) Ha.e 180




e

305

Tedex to taxa cont. Pages

Kanthaparmelic worcesters (J. Stein. et 2sahlbr.) Hale 25, 27, 28
29, 32, 52, 84, 91, 94, 96, 97, 102, 103, 107, 114, 117, 119, 180, 2i2,

24, 215, 252, 268, 272, 277







Author Brusse Franklin Andrej
Name of thesis A Taxonomic And Geographic Study Of The Genus Xanthoparmelia In The Karoo. 1980

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



