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Abstract

Systematic surveys of the lichen floras of Schirhesidasis (Queen Maud Land,
continental Antarctic), Victoria Land (Ross Sectaontinental Antarctic) and
Admiralty Bay (South Shetland Islands, maritime @mwtic) were compared to help
infer the major factors influencing patterns ofetsity and biogeography in the three
areas. Biogeographic patterns were determined uaingariety of multivariate
statistical tools.A total of 54 lichen species were documented froohifghacher
Oasis (S0O), 48 from Victoria Land (VL) and 244 fréesdmiralty Bay (AB). Of these,
21 species were common to all areas. Most lichesre the SO and VL areas were
microlichens, the dominant genus beiRpellia. In AB, in contrast, many
macrolichens were also present and the dominanisgesasCaloplaca. In SO and
VL large areas lacked any visible lichen cover,rewdere the ground was snow-free

in summer. Small-scale diversity patterns were gartegn AB, where the number of
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species and genera was greater close to the ddast.species recorded were rare in

the study areas in which they were present andneicde Antarctica.

Keywords: Schirmacher Oasis, Victoria Land, Admiralty Baydemism, bipolar,

biogeography

1. Introduction

Though Antarctica covers about 14 million rthe majority of its area (99.66%)
is permanently covered by ice or snow. The remgimirea (0.34%, or about 44,000
km?) is mostly only ice-free in summer and consistbarie rock, boulder fields, scree
and simple soils (Brabyn et al., 2005). The regieiudes two widely recognised
biogeographic zones: the continental Antarctic gr@dmaritime Antarctic. Terrestrial
vegetation mainly comprises isolated communitieslioiens and mosses, with
greatest diversity on the islands and archipelagipgcent to the Antarctic Peninsula
(Kappen, 2000; @vstedal and Smith, 2001; Ochyral.et2008, Sung et al., 2008).
The wide variety of unique adaptations possessethdse organisms enabling them
to survive stresses due to the extreme growing itond of the Antarctic has
received considerable research attention (Henrtiah,e2006). It is also important to
understand these unique ecosystems in order to geaaad protect them, as is
required under the obligations of the Antarctic akyeSystem (Green et al., 1999;
Brabyn et al., 2005; Hughes and Convey, 2010).

The small-scale distribution of lichens within Ardtica is thought to be
determined by the local environment providing faraddle conditions (in particular
moisture availability, Green et al.,, 1999) or exwtlimiting effects (i.e. surface

disturbance/instability, damage by wind action, ste @vstedal and Smith, 2001).
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However, although lichen specimens have been d¢eledrom Antarctica by
researchers over many years, more detailed andl-scadé¢ distributional and
biogeographical studies based on systematic saghplive not been completed to
date for the three study areas considered herpijtedébese being amongst the better
characterized areas in terms of overall diversitantarctica. The current study was
therefore undertaken in order to compare the liclemmmunities of three
geographically distinct areas within Antarctica,e tischirmacher Oasis (SO,
continental Antarctic), Victoria Land (VL, continih Antarctic) and Admiralty Bay
(AB, King George Island, maritime Antarctic). Wemad to determine the major
factors underlying patterns in local diversity apidgeography of lichens in these

three areas.

2. Materials and Methods
2.1. Study sites

The Schirmacher Oasis (SO, 70°0#5 - 70°4421"S; 11°49%4" - 11°2603"'E)
is a hilly strip of ice-free land in Queen Maud Hartontinental Antarctic (Figs. 1,
2a). It is divided into distinct topographical witthe southern continental ice sheet,
rocky hills, valleys, lakes and the northern unthrha shelf ice. Its elevation varies
from O to 236 m asl. The Oasis is oriented alongast-west axis and has a maximum
width of 3.5 km and length of about 20 km, withogat area of about 70 KmThis
includes 35 krhof solid bedrock (ice free area). Freshwater lakesids and pools
cover a total area of 3 KmPermanently ice-covered tidal (epi-shelf) lakeser an
area of 4 krh There are also several nunataks protruding fimenice sheet near to
the Oasis. Air temperature ranges between +4.2%2C, with a mean annual air
temperature of —10°€. The typical annual precipitation (snow) is 23B3mm

(water equivalent) and relative air humidity 15-20%he area is underlain by
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permafrost with active layer depths ranging betw&eand 80 cm. The oasis is
characterized by high-grade polymetamorphosed orthiod paragneissses, the
dominant rock types being biotite—garnet gneisspxsne granulites, calc-gneiss, and
khondalite along with migmatites and augen gnélise water content in loose soils
of SO varies greatly. The meltwater of the inlacel and local snow and ice firn fields
contributes significantly to the moisture conteritsediments (Olech and Singh,
2010).

Victoria Land (VL) (Figs. 1, 2b) is located in toss Sector of the continental
Antarctic, and extends from Cape Hallett (72°Shglthe coast (coastal continental
Antarctic) southwards to the Dry Valleys (77°S)daonnects to the Transantarctic
Mountains. In Victoria Land 21 locations were invgated along a five degree
latitudinal transect from Cape Hallett (72°26'S,9186’E) to Marble Point, in the
McMurdo Dry Valleys region (77°24’'S, 163°43'E). Treimate of this region is
frigid Antarctic (dvstedal and Smith, 2001). In ti@mrn Victoria Land the mean
annual air temperature is around —16°C and thearpracipitation occurs mostly as
snow (with c. 270 mm ¥ water equivalent). The monthly mean air tempeeatur
ranges between -25.9°C (August) and -0.1°C (Jahu&yrther south in Victoria
Land the climate is drier and colder with a meanuah air temperature of -17.4°C at
McMurdo Station (77°51'S, 166°40’E). The monthly ane air temperature at
McMurdo Station ranges between -27.9°C (August) alfC (January). All sites
were characterized by the occurrence of continymusafrost, with an active layer
thickness of 0—93 cm in Northern VL and of 0-60 oamthe McMurdo region.
Although the climate has cooled slightly in thetldecade, in Northern VL active
layer thickness is currently slowly increasing, lmably due to an increase in radiation
receipt at ground level (Guglielmin and Cannonel20Guglielmin et al. 2014). In

this wide region almost all substratum types (genbasalt, gabbro, metamorphic
4
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rocks, moraine and old marine deposits) were sainipléce-free areas, sometimes
close to glacier margins. Several sites includedtlomgenic soils.

Admiralty Bay (AB, 6250 - 62°15S; 5730 - 501'W) is the largest marine
embayment on King George Island in the South Shetleslands archipelago,
maritime Antarctic (Figs. 1,2c). It has an ared @2 knf and a depth of up to 500 m.
Of the total 361 krh catchment of the Bay, 242 knis ice-free land surface. Its
geology is dominated by Tertiary effusive basaltesite and related pyroclastic
rocks, having lithified and loose sedimentary rodiiost of the ice-free terrestrial
areas are adjacent to the sea. The main ice capuading and draining into AB is
the Arctowski Icefield. AB experiences a monthlynferature range of G to -
7.5°C, with an annual mean of -2@ (Kejna, 1999). Mean wind velocity is about 6.5

m s. Air humidity is typically high (83%), with annugtecipitation of 508.5 mm.

2.2. Sampling and species determination

It is a well-established feature of biodiversitydies that the observed taxonomic
richness of a given region is heavily influenceddaynpling intensity, as has been
described in broad terms for Antarctica (Peat gt2807). In the present work, the
potential impact of sampling heterogeneity for AB, and SO as a whole was
determined by examining the relationship betweemtlmber of specimens collected
and the number of species recorded at the sunadgssased (rarefaction curve) (Peat

et al., 2007; Cannone et al., 2013).

Lichen samples were collected from SO in the ausuummer of 2003/04 during
the XXIII Indian Antarctic Expedition (Olech andrfgh, 2010), from VL in 2001/02
and 2002/03 during the XVI and XVII Italian Antaictcampaign and from AB in

1986-88, 1989/90, 1991-93, 1995/96, and 2001/02nduxl, XIII, XVI, XX and
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XXVI Polish Antarctic Expeditions (Olech, 2004). @hspecimens collected are
deposited at the Herbarium of Polar Research amdifdentation, Institute of Botany,
Jagiellonian University (KRA-L), Krakow, Poland (ABSO) and at Insubria
University (VL). The three areas are likely to wdé significant environmental
gradients (e.g. in temperature, water availabilagsociated with factors such as
altitude, distance from the coast). However, in Hiesence of detailed micro-
environmental data from each of the sampling locetj our analysis of the spatially
explicit species occurrence data is limited to ittentification of patterns associated
with simple spatial gradients within each area, arfdrence from these as to the
likely environmental parameters they act as praxy The sampling areas at SO, and
AB were sub-divided into practical grids or latimal bands (Fig. 2a,b,c). The three

study areas included 101 (AB), 149 (SO) and 213) &flecific sampling locations.

Lichens were classified based on their growth fanto three groups (crustose,
fruticose, foliose), and based on substratum tyme four groups (saxicolous,
terricolous, epiphytic on mosses and ubiquitousprpological and anatomical
details were used for identification of lichen spec Secondary metabolites were
analyzed using standard TLC methods. Specimens identified by the authors (N.
Cannone, M. Olech and S.M. Singh) following the thegent literature (Jdvstedal
and Smith, 2001; Olech, 2004; Castello, 2003; Olaat Singh, 2010) and current

nomenclatural rules (following Eriksson et al., 200

2.3. Biodiversity analyses

An important criterion for characterizing the lo¢ighen biota is the frequency of
occurrence of each lichen species. The statuschéri species found in the three

study areas was classified based on a simple anpaissessment of their % frequency
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of occurrence across the sampled locations witagh erea, separating rare (< 5% of
sampling locations), occasional (6-10%), common-50%) and abundant species
(>51%). The % frequency (%F) of each lichen spewias calculated for each study

area using the following formula:

%F = (So/Stot)*100
Where So is the number of sampling locations whteeespecies occurred and Stot is
the total number of sites sampled within the staiha.

Data were retrieved from earlier checklists puldioy the authors for SO and AB
(Olech, 2004, Olech and Singh, 2010) and VL (Caen@006, Cannone and Seppelt,
2008, Cannone unpublished data). Numbers of tagaraded for spatially explicit

localities were enumerated at species and higikentanic levels (genus, family).

2.4. Biogeographical patterns

The biogeographic patterns were analyzed amonghtiee study sites by means
of cluster analysis (ordination by Correspondenasalgsis, CA, performed by
CANOCO for Windows, ter Braak and Smilauer, 1998%dd on presence/absence
data. As the study areas are of widely differenésiand the sampling effort in each
was inevitably dissimilar, only presence/absenct deere used in the analyses.
Comparisons of the three study areas were also mat#ms of dominant genera,
wider biogeographical distribution of recorded specstatus of occurrence of species

and habitat type from which they were recorded.

A hierarchical classification (dendrogram) was perfed for the original data
obtained from the locations sampled in the thradysareas (AB, SO and VL) using
Statistica® to analyse the vegetation communityesy@mnd structure among the

selected areas.
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184 3. Results

185

186 A total of 3035 samples representing 244 specieg wellected from AB, 875
187  samples including 54 species from SO and 1570 ssmvgid 48 species in VL. The
188 rarefaction curves (Figs. 3a,b,c) indicated th#fidant samples were obtained at all

189 locations to give a reasonable estimate of ovecalken diversity.

190 Morphological, substratum, biogeographic and statéigrmation on the lichen
191 taxa found at all locations are summarised in Taflend 2. In all study sites most
192 lichens were found on rock, with differences amaitgs for epiphytic, soil and
193  ‘other’ substrata (Table 1). Overlaps between thesgatum preferences of some taxa
194 were also observed. The majority of species recbrideall three locations are
195 endemic to Antarctica, followed by the bipolar (wd peak at AB) and cosmopolitan
196  groups. Species restricted to the Southern Hemisphere the least frequently
197  encountered. The majority of species found at S@ wkassified as rare, followed by
198 common, occasional and most common. Similarly, B #Wost species were rare,
199 followed by occasional, common and most commonrselssAt VL more than half of
200 the recorded species were common, while about 2%%& ware. In all areas most
201 lichens were of crustose growth form, followed blidse (AB) or fruticose (SO and
202 VL) (Table 2).

203 There was a common pool of species occurring inthatte study areas, including
204  Rhizocarpon (both R. geographicum and R. geminatum) and widespread epilithic
205  species Umbilicaria decussata, Xanthoria elegans, Usnea antarctica) and common
206 muscicolous and ubiquitous specieBudllia papillata, Leproloma cacuminum,

207 Canddariella flava, Caloplaca citrina, Rinodina olivaceobrunnea, Physcia dubia, P.



208 caesia). Twenty-one species were shared among the theaes,avith somewhat more
209  being shared between each pair of areas (SO with8¥L.SO with AB, 31; VL with
210 AB, 28) (Supplementary Table 1). The most frequergshared species differed
211  depending on the selected sitésnbilicaria antarctica, Arthonia rufidula, Bacidia

212 stipata, Sarcogyne privigna, Lecanora mawsonii between AB and S@uelliafrigida,

213  Lecanora aff. orosthea, L. aff. geophila, L. fuscobrunnea, Lecidea andersonii, L.

214  cancriformis between SO and VL anBuellia cladocarpiza and Tephromela atra

215  between AB and VL.

216 Buellia, Caloplaca andLecanora were the most dominant genera common to the
217  three study areas, witdmbilicaria also being commonly encountered. Genera such
218 aslecania andRhizocarpon were common at AB but not at SO and VL. A range of
219 genera such &Sladonia, Pertusaria, Psoroma, Stereocaulon andTephromela present

220 at AB were absent at SO and VL .

221 At SO higher species richness was recorded at salogdtions close to the coast
222 (Fig. 4). A similar effect was present at AB (Ff, with the highest species richness
223 in protected sites such as bays and coves. Adnessitich larger scale of VL, species
224  richness did not show a linear trend with latituae rather a split distribution, with

225  minimum numbers of species, genera and famili@satnd 76°S 4).

226 Correspondence analysis (CA) allowed analysis ef ridationships among the
227  three sampling locations (AB, SO, VL) with referento their floristic composition.
228 In the sampling locations graph (Fig. 5a) it is bk to identify two main clusters
229 located at the two opposite parts of the x axis:rttaritime Antarctic locations (AB)
230 are clustered in the left part of the graph, while continental Antarctic locations
231 (VL, SO) cluster at the opposite side of the grapie continental Antarctic cluster

232 can be divided in two sub-clusters along the y:atkis first sub-cluster (SO) is in the

9
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upper right side of the graph SO, while the secsutatcluster (VL) is located in the
lower right (Fig. 5a). The separation of sampliagdtions is due to the differences in
their floristic composition, which is shown in tepecies graph (Fig. 5b). The species
are grouped in two main clusters along the x-akiise occurring only in the
maritime Antarctic location (AB) are located at fleét end of the graph, while those
recorded in the continental Antarctic locations (\O) are clustered in the right part
of the graph.In the right part of the species liplds possible to observe also a
progressive transition in terms of floristic compios between the continental

Antarctic locations (Figs. 5a,b).

The results of the CA are confirmed also by thedn@hical classification illustrated
in the dendrogram (Fig. 6). The sampling locatiPhB, SO, VL) are indicated at the
bottom of the dendrogram. Each branch indicatescaipgof sampling locations
characterized by similar floristic composition: tvbole left branch and the first (left)
sub-branch of the right branch include records f@&B) while the remaining two sub-
branches mainly include records from SO and VL.sTémalysis highlights that the
floristic composition of AB is very distinct fromoth VL and SO. In particular, the
separation of four main branches (correspondinfpto different community types)

indicates that the AB locations are characterizgdoor main vegetation types (left
part of the dendrogram). SO and VL cluster togetinethe right part of the

dendrogramwith two main vegetation types dominatagd microlichens and

macrolichens, respectively.

4. Discussion

10
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The present study was undertaken to determine ampare patterns in lichen
diversity in AB, SO and VL, three of the better-knolocations that can be regarded
as representative of habitats typical of the nragtand continental Antarctic. AB lies
in the South Shetland Islands, which are in thetidon Province of the maritime
Antarctic, having a cold moist maritime climate aheyher diversity than the
Southern Province (Peat et al., 2007). SO lieshasn Maud Sector and the slope
province of the continental Antarctic, with a cadd climate. VL lies in the Ross
Sector and encompasses a wide variety of envirotaremoss a latitudinal gradient
from 72 to 77°S, and is characterized by a frigidtakctic climate (dvstedal and

Smith, 2001).

4.1. Biogeographical distribution of lichens within Antarctica

There is a widely held but largely untested assionghat at least the majority of
the Antarctic flora originated after the last Plecene glacial maximum and the
subsequent retreat of glaciers and ice-sheets€H&A87; Galloway, 1991; but see
Pisa et al., 2014). However, our site-specific data consistent with the assessment
of the high species-level rates of endemism of ¢éhéire Antarctic lichen flora
(Qvstedal and Smith, 2001, 2004, 2009, Sgchtingl.et2004, Green et al., 2011),
with a somewhat higher percentage of species emdeEnAntarctica recorded at the
sites located in continental Antarctic (54.4% at, 88.9% at VL) than in maritime
Antarctica (40.3% at AB) (Table 1). These values @mparable to values reported
across a range of other groups in Antarctica (Rudoll970; Kappen and Straka,
1988; Smith, 1991; Linskens et al., 1993; Marshatl Pugh, 1996). Moreover, while
the occurrence of cosmopolitan species and speaesicted to the Southern
Hemisphere is comparable, there are differencasimglto bipolar species, which are

better represented at AB. The relative proximitytte# AB region to South America
11
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(~800 km distant) and its limited geographic isolatcould explain the lower
percentage of endemic and higher percentage oflai@pecies at this site as
compared to the much more isolated SO and VL. Hewealthough it might be
predicted that its proximity to South America woubor colonization by exotic
species, AB is not characterized by a larger oecuwe of cosmopolitan and Southern
Hemisphere species than SO and VL. This may inglitat the harsh climatic and
environmental conditions are too limiting to all@pecies colonization. These high
levels of endemism are, rather, consistent withhiyygothesis that lichens are one of
the terrestrial groups that persisted within Aniaecthrough glacial cycles (Convey
and Stevens, 2007, Green et al., 2011). Highdevkeéndemism amongst the lichens
of VL and SO may also be a reflection both of thahiysical isolation from other
terrestrial habitats in the region and, perhapst #xtreme conditions at these

locations have over time selected for a speciale@temic community.

Bipolar species formed the next most important éaggaphic element of the
lichen floras, contributing 29.8% species from $6,6% from VL and 41.1% from
AB (Table 1). The differences may reflect the sienptale of geographic isolation of
SO and VL, with AB being much closer to the atmasphcirculation barriers that
must be crossed by any colonizing propagule. Itapparent that Antarctica
experiences a continuous input of airborne propgudtom the other Southern
Hemisphere continents and further afield (MarsH&lD6), and bipolar elements have

similarly been reported in the Antarctic bryophffteas (Ochyra et al., 2008).

4.2 Environmental factors influencing lichen distribution

Although Antarctic lichens are capable of growimgl ghotosynthesizing even at
sub-zero temperatures, they grow more luxuriantlyegions where liquid water is
more reliably available (Green et al., 1999). Kapp@000) identified snowmelt as

12



308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

the major source of hydration underlying the prdiity of lichens. Also, the higher
precipitation received in coastal areas can diloéeinfluence of salt concentration in
sea spray (Inoue, 1991). The lowland coastal agt humidity area of AB may,
therefore, support a more diverse range of licleersmore complex community than
the drier continental SO and VL. Amongst the vasithallus types, crustose lichens
are generally hardier and grow in more extremerenwents, followed by the foliose
and fruticose groups. A greater proportion of asstlichens are therefore found at

SO and VL.

AB supported more lichen growth and the area \@&srtomically more diverse
than SO and VL. One of the factors most likelyrtfiuence such differences is clearly
the less extreme climatic conditions existing ia tharitime Antarctic. This includes
warmer temperatures, greater precipitation (alsimim of rain, which is completely
absent from the continental Antarctic), higher waswailability for biological
processes and low wind velocity. Similar observagidhave been reported from
another continental region (Syowa Station) by In¢u@89), who concluded that
lichens which received very low precipitation innsumer nevertheless grew
luxuriantly at sites where adequate moisture wastaaed due to snow and ice
moved by katabatic winds from the surface of thgmm®oring glaciers, while lichens
were absent or poorly developed at drier sites lwhvere influenced by cyclonic
winds over the surface of sea ice.

The large-scale extent of ice cover (and henceisitiation) also affects wider
biological distributions, as organisms such aseihclearly require ice-free areas in
which to colonise and establish. This however, doetsindicate that the ice-free
ground available at any particular time will ne@@8g determine the number of

species existing there. Rather, the time elapstn &e has retreated from the area

13
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will play a large role in determining the estabfignt rate (Peat et al., 2007). At SO
and VL extensive areas lacked lichen cover, evearalthe ground was normally

snow-free in summer.

4.3. Lichen diversity at the three areas and comparisowith other studies

The described lichen flora of Antarctica currergtgnds at 397 taxa (dvstedal and
Smith, 2001, 2004, 2009). The present study repdHs species from the 242 km
area of AB located on King George Island, whichbsut 80% of the 294 taxa known
from the entire island (Olech, 2004). Previousindéeev (1988) reported 119 species
from King George Island (mainly from the Fildes Pwula), while Inoue (1991)
reported 198 species in total from the Fildes Para and Nelson Island. Signy
Island (approx. 25 kfj hosts 221 species (@vstedal and Smith, 2001)m@nzand

Redon (1981) reported 47 species of lichens framAttdley Peninsula.

Previous lichenological investigations in the S@édocumented the occurrence
of 34 species (Richter, 1990; Nayaka and Upretb20m Victoria Land the present
study documents the occurrence of 48 species dB&hspecies known from Victoria
Land (Cannone and Seppelt 2008; Castello, 2010npaason of present data with
other diversity studies carried out within contitrAntarctic shows that SO (70 km
area) with 54 species was richer than the Larsenhilis) (50 knf and25 species;
Singh et al., 2007). Of these, 19 species were comim both the areas. The same
total of 54 species was also recorded from theelady5 kmi Syowa Station area
(Inoue, 1991). Other reports from the continentatakctic include 42 species from
the Bunger Hills (Andreev, 1990) and 32 speciemffdacRobertson Land (Filson,

1966).
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Although analogous studies have been carried atifgpéocations in other parts
of Antarctica (Inoue, 1991; Andreev, 1988; @vsteatad Smith 2001, Castello, 2010,
Smykla et al., 2011, Green et al., 2011), the cdrstudy is one of the first to
examine small-scale distribution patterns of lichan both the continental and
maritime Antarctic biogeographic regions. Overaiffadlences between the three
study locations were consistent with both the difig levels of geographical isolation
and the environmental severity experienced at e&icbkmaller scales, patterns within
each site were apparent, although linking thesdiaithp to specific environmental
features and variables would require a detailedordt of physical monitoring sites.
Such a network has now been established in Victhaad incorporating 19
permanent monitoring sites in nine different looas (Cannone, 2006; Guglielmin

and Cannone, 2012).
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Figures & tables
Figure 1. Map of Antarctica showing the locations mentioiethe text. Legend: (1=
Schirmacher Oasis (SO), 2=Syowa Oasis (SS), 3=irse Hills (LH), 4=Bunger
Hills (BH), 5=Victoria land (Oasis (VL), 6= McMurd@V), 7= Antarctic Peninsula,

8= Admirality Bay (AB), 9=South Orkney Island, 8=.

Figure 2a.Map of Schirmacher Oasis, showing grids-and sargpbcations.

Figure 2b. Map of Victoria Land, showing grids and samplilogations. VL area

shows 30 dots on map, and each dot represents abaampling locations.

Figure 2c. Map of Admiralty Bay, showing grids and sampllngations.

Figure 3. Rarefaction curves for a) Schirmacher Oasis, lfovia Land and c)

Admiralty Bay.

Figure 4. Richness at species and higher taxonomical llggleera, family) at a)
Schirmacher Oasis, b) Victoria Land, ¢) AdmiraltayB In (a) and (c) increasing

latitude is effectively a proxy for increasing @iste from the coast (cf. Figs. 2a, 2c).

Figure 5. Correspondence analysis diagram of the sitesarfd)of the species (b)

surveyed at AB (black circles), SO (white squaees) VL (grey rhomboids).

Figure 6. Hierarchical classification of the vegetationtbé three study sites (AB,
SO, VL). The separation of the groups has beenechout at a linking distance >

0.1..
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Table 1 Comparison of lichen features and biogeographlyeathree sites (AB =
Admiralty Bay; SO = Schirmacher Oasis; VL = Viceotiand)

Table 2 Comparison of thallus growth form type at varid\rgtarctic sites. Legend:
SO= Schirmacher Oasis; SS= Syowa station area; Sttt Glacier region, Queen
Maud Range; LH= Larsemann HilBH= Bunger Hills; VL = Victoria Land; NVL=
N. Victoria Land; CVL= Continental Victoria land, RL= Mac Robertson Land;
BSF= Beacon Sandstone Formation Victoria Land; @mntinental Antarctic; AB =
Admiralty Bay; FP= King George Island (Fildes Pemila); AP= Antarctic Peninsula;
SOI= South Orkney Island. and.
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Table 1 Comparison of lichen features and biogeography at the three sites (AB = Admiralty Bay; SO = Schirmacher

Qasis; VL = VictoriaLand)

Features AB SO VL
Habitat (substratum) type Rocks (%) 717 75.9 60
Epiphytic (%) 336 389 89
Soil (%) 176 167 111
Other substrates (%) 9.0 18 20
Biogeographic elements Cosmopolitan (%) 10.3 10.5 11.1
Bipolar (%) 41 29.8 35.6
Endemic (%) 403 544 489
Restricted to Southern Hemisphere (%) 8.3 53 4.4
Status Rare (%) 43.8 37 25.5
Occasiona (%) 279 259 118
Common (%) 25.8 33.3 49

Most common (%) 25 3.7 13.7




Table 2 Comparison of thallus growth form type at varidugtarctic sites. Legend: SO= Schirmacher Oasis; SS=

Syowa station area; SG= Scott Glacier region, Qland Range; LH= Larsemann Hills; BH= Bunger HiN4; =

Victoria Land; NVL= N. Victoria Land; CVL= Contindal Victoria land; BSF= Beacon Sandstone Formation
Victoria Land; MRL= Mac Robertson Land; CA= Contimal Antarctic. AB = Admiralty Bay; FP= King George
Island (Fildes Peninsula); AP= Antarctic Peninsaarnd SOl= South Orkney Island.

Antarctic sites
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Fruticose (%)liose (%) Reference
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£ S £
> % .E ® <
- | fa 2| 8%
Species e ONa) 3 O AB SO VL
Absconditella antarctica Sgchting & \ézda 32 E RK, SL CR X
Acarospora austroshetlandica (C.W.Dodge) @vstedal 1 E RK CR X
Acarospora badiofusca (Nyl.) Th. Fr. 1 B RK CR X
Acarospora convoluta Darb. 1 E RK CR X
Acarospora flavocordia Castello & Nimis 1 E RK CR X X
Acarospora gwynnii C.W.Dodge & E.D. Rudolph 1 SH RK CR X X
Acarospora macrocyclos Vain. 1 E RK CR X
Acarospora williamsii Filson 1 E RK, SL CR X
Amandinea augusta (Vain.) Sgchting & @vstedal 24 E RK CR X
Amandinea babingtonni (Hook.f. & Taylor) Sgchting & @vstedal 24 E RK CR X
Amandinea coniops (Wahlenb.) M. Choisy ex Scheid. 24 B RK CR X X
Amandinea isabellina (Hue) Sgchting & @vstedal 24 E RK CR X
Amandinea |latemarginata (Darb.) Sgchting & @vstedal 24 E RK CR X
Amandinea petermanni (Hue) Matzer, H. Mayrhofer & Scheid. 24 E RK CR X
Amandinea punctata (Hoffm.) Coppins & Scheid. 24 C E,O CR X X
Arthonia epiphyscia Nyl. 2 B E CR X
Arthonia lapidicola (Taylor) Branth & Rostr. 2 B RK CR X
Arthonia molendoi (Frauenf.) R. Sant. 2 B E CR X
Arthonia rufidula (Hue) D. Hawksw., R. Sant. & @vstedal 2 E E CR X X
Arthonia subantarctica @vstedal 2 E RK CR X
Arthopyrenia maritima @vstedal 3 E RK CR X
Arthopyrenia praetermissa D.C. Linds. 3 E RK CR X
Arthothellium evanescens @vstedal 2 E RK CR X
Arthrorhaphis citrinella (Ach.) Poelt 4 B E SL CR X
Austrolecia antarctica Hertel 7 E RK CR X
Bacidia johnstoni Dodge 5 SH RK CR X




Bacidia rhodochroa (Hue) Darb. 5 E E CR X
Bacidia stipata |.M. Lamb 5 E RK CR X X
Bacidia tuberculata Darb. 5 E E, RK CR X
Bellemera alpina (Sommerf.) Clauzade & CI. Roux 25 B RK CR X
Bellemera pullata (Darb.) @vstedal 25 E RK CR X
Bellemera subsorediza (Lynge) R. Sant. 25 B RK CR X
Bryonora castanea (Hepp) Poelt 16 B E CR X
Bryonora peltata @vstedal 16 E E, SL CR X
Bryoria forsteri Olech & Bystrek 21 E E FR X
Buellia anisomera Vain. 24 E RK CR X
Buellia cladocarpiza I.M. Lamb 24 E RK CR X
Buellia aff. darbishirei .M. Lamb 24 E RK CR X X
Buellia falklandica Darb. 24 E RK CR X
Buellia foecunda Filson 24 E RK CR
Buellia frigida Darb. 6 E RK CR X
Buellia aff. graminicola @vstedal 24 E E CR X
Buellia granulosa (Darb.) C.W. Dodge 24 E RK CR X
Buellia grimmiae Filson 24 E E, SL CR X
Buellia grisea C.W. Dodge & G.E. Baker 6 E RK CR X
Buellia illaetabilis I.M. Lamb 24 E RK CR X
Buellia lignoides Filson 6 E RK CR X
Buellia pallida C.W. Dodge & G.E. Baker 6 E RK CR X
Buellia papillata (Sommerf.) Tuck. 24 B E, SL CR X
Buellia perlata (Hue) Darb. 24 E RK CR X
Buellia pycnogonoides Darb. 6 E RK CR X
Buellia russa (Hue) Darb. 24 E RK CR X
Buellia subfrigida May. Inoue 6 E RK CR X
Buellia subpedicellata (Hue) Darb. 24 E RK CR X
Caloplaca ammiospila (Wahlenb.) H. Olivier 33 B E CR X

33 B RK CR X

Caloplaca anchon-phoeniceon Poelt & Clauzade




Caloplaca approximata (Lynge) H. Magn. 33 B E CR
Caloplaca athallina Darh. 33 E E CR X
Caloplaca buelliae Olech & Sgchting 33 E RK CR X
Caloplaca cirrochrooides (Vain.) Zahlbr. 33 E RK CR X
Caloplaca citrina (Hoffm.) Th. Fr. (= Caloplaca citrina s.lat 33 C E CR X
Sgchting & Castello 2012).
Caloplaca conversa s. lat. (Krempelh.) Jatta C. coeruleofrigida 33 B RK CR
Castello 2010)
Caloplaca frigida Sgchting 33 E RK CR
Caloplaca exsecuta (Nyl.) Dalla Torre & Sarnth 33 B RK CR X
Caloplaca holocarpa (Hoffm. ex Ach.) A.E. Wade 33 B RK CR X
Caloplaca hookeri (C.W. Dodge) Sgchting & @vstedal 33 E RK CR X
Caloplacaiomma Olech & Sgchting 33 E RK CR X
Caloplacaisidioclada Zahlbr. 33 E RK CR X
Caloplaca johnstonii (C.W. Dodge) Sgchting & Olech 33 E RK CR X
Caloplaca lewis-smithii Sgchting & @vstedal 33 E E CR
Caloplaca millegrana (Mull. Arg.) Zahlbr. 33 E RK CR X
Caloplaca phaeocarpella (Nyl.) Zahlbr. 33 B E, RK CR X
Caloplaca psoromatis Olech & Sgchting 33 E RK CR X
Caloplacaregalis (Vain.) Zahlbr. 33 E RK FR X
Caloplaca saxicola (Hoffm.) Nordin 33 B RK CR X
Caloplaca scolecomarginata Sgchting & Olech 33 E RK CR X
Caloplaca siphonospora Olech & Sgchting 33 E E CR X
Caloplaca sublobulata (Nyl.) Zahlbr. 33 E O, RK CR X
Caloplaca tetraspora (Nyl.) H. Olivier 33 B E, RK CR X
Caloplacatiroliensis Zahlbr. 33 B E,O,RK CR X
Candelaria murrayi (C.W. Dodge) Poelt 6 E E, RK FO X
Candelariella aurella (Hoffm.) Zahlbr. 6 B RK CR X
Candelaridlaflava (C.W. Dodge & G.E. Baker) Castello & Nimis 6 E E, RK CR X
Candelaridlla vitdlina (Hoffm.) Miill. Arg. 6 B E, RK, SL CR X
16 B RK CR X

Carbonea assentiens (Nyl.) Hertel




Carbonea vorticosa (Florke) Hertel 16 B RK CR X
Catapyrenium daedaleum (Kremp.) Stein. 38 B E, SL SQ X
Catillaria contristans (Nyl.) Zahlbr. 7 B E CR X
Catillaria corymbosa (Hue) I.M. Lamb 7 E RK FR X
Cetraria aculeata (Schreb.) Fr. 21 B E, SL FR X
Chromatochlamys muscorum (Fr.) H. Mayrhofer & Poelt 34 E E CR X
Cladonia asahinae J.W. Thomson 9 B E, SL FR X
Cladonia borealis S. Stenroos 9 c O, RK, SL FR X
Cladonia cariosa (Ach.) Spreng. 9 B O, SL FR X
Cladonia cervicornis subsp. mawsonii (C.W. Dodge) S. Stenroos & 9 E SL FR X
Ahti
Cladonia chlorophaea (Flérke ex Sommerf.) Spreng. 9 C E, O, SL FR X
Cladonia fimbriata (L.) Fr. 9 C E, O, SL FR X
Cladonia galindezii @vstedal 9 E E, O, SL FR X
Cladonia gracilis (L.) Willd. 9 B E, RK FR X
Cladonia pleurota (Florke) Schaer. 9 c E FR X
9 C E, O, RK, FR X
Cladonia pocillum (Ach.) Grognot SL
Cladonia pyxidata (L.) Hoffm. 9 c E, O, SL FR X
Cladonia sarmentosa (Hook. f. & Taylot) C.W. Dodge 9 SH E, SL FR X
Cladonia squamosa Hoffm. 9 c E, SL FR X
Cladonia subulata (L.) Weber ex F.H. Wigg. 9 B E,SL FR X
Coccotrema cucurbitula (Mont.) Miill. Arg. 10 SH RK CR X
Coel opogon epiphorellus (Nyl.) Brusse & Karnefelt 21 SH E, RK FR X
Collema tenax (Sw.) Ach. em. Degel. 1 c E, SL FO X
Cystocoleus ebeneus (Dillwyn) Thwaites 15 B E,SL FL X
Dermatocarpon polyophyllizum (Nyl.) Blomb. & Forssell 38 B RK FO X
Diplotomma al boatrum (Hoffm.) Flot. 24 SH RK CR X
Frutidella caesioatra (Schaer.) Kalb S B E,RK CR X
Fuscidea asblodes (Nyl.) Hertel & V. Wirth 12 B RK CR X
13 E RK CR X

Haematomma erythromma (Nyl.) Zahlbr.




Himantormia lugubris (Hue) .M. Lamb 21 E RK FR X

Huea sp. 33 RK CR

Huea cerussata (Hue) C.W. Dodge & G.E. Baker 33 E RK CR X

Huea coralligera (Hue) C.W. Dodge & G.E. Baker 33 E RK CR X

Hypogymnia lugubris (Pers.) Krog. 21 B E, SL FO X

Japewia tornoensis (Nyl.) Tansberg 5 B E, O CR X

Lecania brialmontii (Vain.) Zahlbr. 5 E RK FR X

Lecania gerlachei (Vain.) Darb. 5 E RK FO X

Lecania glauca @vstedal & Sgchting S E E.O CR X

Lecania nylanderiana A. Massal. 5 B RK CR X

Lecania cf. racovitzae (Vain.) Darb. 5 E O,RK CR X X

Lecania subfuscula (Nyl.) S. Ekman 5 B E CR X

Lecanora atromarginata (H. Magn.) Hertel & Rambold 16 B RK CR X

Lecanora dancoensis Vain. 16 E RK CR X

Lecanora dispersa (Pers.) Sommerf. 16 c RK CR X

Lecanora epibryon (Ach.) Ach. 16 B E, SL CR X

Lecanora expectans Darb. 16 E E CR X X

Lecanora flotowiana Spreng 16 c RK CR X

Lecanora fuscobrunnea C.W. Dodge & G.E. Baker 16 E E, SL CR X

Lecanora geophila (Th. Fr.) Poelt 16 E RK CR X

Lecanora griseosor ediata @vstedal 16 E RK CR X

Lecanora intricata (Ach.) Ach. 16 B RK CR X

Lecanora mawsonii C.W. Dodge 16 E RK CR X X

Lecanora mons-nivis Darb. 16 E RK CR X X

Lecanora orosthea (Ach.) Ach. 16 B RK CR X

Lecanora parmelinoides Lumbsch 16 SH E, SL CR X

Lecanora physciella (Darb.) Hertel 16 E RK CR X

Lecanora polytropa (Ehrh. ex Hoffm.) Rabenh. 16 B RK CR X

Lecanora sverdrupiana @vstedal 16 E RK CR X X
16 B O CR X

Lecanora symmicta (Ach.) Ach.




Lecanoratorrida Vain. 16 B O, RK CR X
Lecidea andersonii Filson 17 E RK CR X
Lecidea atrobrunnea (Ramond ex Lam. & DC.) Schaer. 17 B RK CR X
Lecidea cancriformis C.W. Dodge & G.E. Baker 17 E RK CR X
Lecidea lapicida (Ach.) Ach. 17 C RK CR X
Lecidea cf. placodiiformis Hue 17 E RK CR X
Lecidea spheniscidarum Hertel 17 E RK CR X
Lecidella elaeochroma (Ach.) M. Choisy 16 B O CR X
Lecidellasiplei (C.W. Dodge & G.E. Baker) May. Inoue 16 E RK CR X X
Lecidella stigmatea (Ach.) Hertel & Leuckert 16 B RK CR X X
Lecidella sublapicida (C. Knight) Hertel 16 SH O, RK CR X
Lecidella wulfenii (Hepp) Korb. 16 B E CR X
Lepraria cacuminum (A.Massal.) Lohtander 15 C E, SL CR X X
Lepraria caesioalba (de Lesd.) J.R. Laundon 15 B E CR X
Lepraria straminea Vain. 15 E E, SL CR X
Leptogium puberulum Hue 11 E RK FO X
Massalongia carnosa (Dicks.) Kérb. 15 B E FO X
Massalongia intricata @vstedal 15 E E FO X
Megaspora verrucosa (Ach.) Hafellner & V. Wirth 19 B E, RK CR X
Myxobilimbia sabuletorum (Schreb.) Hafellner 15 B E CR X
Ochrolechia frigida (Sw.) Lynge 23 B E,SL CR X
Ochrolechia parella (L.) A. Massal. 23 B RK CR X
Pannaria austro-orcadensis @vstedal 20 E E FO X
Pannaria caespitosa P.M. Jarg. 20 B E,RK FO X
Pannaria hookerii (Borrer ex Sm.) Nyl. 20 B RK FO X
Parmelia saxatilis (L.) Ach. 21 c E, RK FO X
Parmeliella austroshetlandica @vstedal & Sgchting 20 E E,RK SQ X
Peltigera didactyla (With.) J.R. Laundon 22 c SL FO X
Pertusaria coccodes (Ach.) Nyl. 23 B RK CR X

23 E RK CR X

Pertusaria corallophora Vain.




Pertusaria erubescens (Hook. f. & Tayl.) Nyl. 23 SH RK CR X
Pertusaria excludens Nyl. 23 B RK CR X
Pertusaria pseudocul ata @vstedal 23 E E CR X
Pertusaria signyae @vstedal 23 E RK CR X
Phaeophyscia endococcina (Korb.) Moberg 24 B RK FO X
Phaeorrhiza nimbosa (Fr.) H. Mayrhofer & Poelt 24 B E SL CR X
Phaeorrhiza sareptana (Tomin) H. Mayrhofer & Poelt 24 B E, SL SQ X
Physcia caesia (Hoffm.) Firnr. 24 C O, RK, SL FO X X
Physcia dubia (Hoffm.) Lettau 24 B E, O, RK FO X X
Physconia muscigena (Ach.) Poelt 24 B E, O, SL FO X
Placidium lachneoides (Breuss) Breuss 38 SH SL SQ X
Placopsis contortuplicata I.M. Lamb 36 SH E, RK LB-CR X
Placopsis paréllina (Nyl.) .M. Lamb 36 SH E, RK LB-CR X
Pl eopsidium chlorophanum (Wahlenb.) Zopf 16 B RK CR X X
Podltidia perusta (Nyl.) Hertel & Hafellner 25 E RK CR X
Polyblastia gothica Th. Fr. 38 B E, SL CR X
Porocyphus coccodes (Flot.) Korb. 18 B RK CR X
Porpidia austroshetlandica Hertel 25 E RK CR X
Porpidia skottsbergiana Hertel 25 E RK CR X
Protoparmelia badia (Hoffm.) Hafellner 21 B RK CR X
Protoparmelia loricata Poelt & Vézda 21 B RK CR X
Protothelenella sphinctrinoidella (Nyl.) H. Mayrhofer & Poelt 26 B E CR X
Pseudephebe minuscula (Nyl. ex Arnold) Brodo & D. Hawksw. 21 B RK FR X X
Pseudephebe pubescens (L.) M. Choisy 21 B RK FR X
Psoroma buchananii (C. Knight) Nyl. 20 SH E,O SQ X
Psoroma ciliatum (Ach. ex Fr.) Nyl. ex Hue 20 B E SQ X
Psoroma cinnamomeum Malme 20 SH E, SL SQ X
Psoroma hypnorum (Vahl) Grey 20 C E, SL SQ X
Psoroma saccharatum Scutari & Calvello 20 E RK SQ X
Psoroma tenue Henssen 20 SH E SQ X




Ramalina terebrata Hook f. & Taylor 27 E RK FR X
Rhizocarpon badioatrum (Flérke ex Spreng.) Th. Fr. 28 B RK CR X
Rhizocarpon copelandii (Kérb.) Th. Fr. 28 B RK CR X
Rhizocar pon disporum (N&geli ex Hepp) Miill. Arg. 28 B RK CR X
Rhizocarpon distinctum Th. Fr. 28 B RK CR X
Rhizocar pon geminatum Korb. 28 B RK CR X
Rhi zocar pon geographicum (L.) DC. 28 c RK CR X
Rhizocarpon grande (Flérke) Arnold 28 B RK CR X
Rhizocar pon nidificum (Hue) Darb. 28 E RK CR X
Rhizocar pon polycarpum (Hepp) Th. Fr. 28 B RK CR X
Rhizocar pon superficiale (Schaer.) Malme 28 B RK CR X
Rhizoplaca aspidophora (Vain.) Redon 16 E RK FO X
Rhizoplaca macleanii (C.W. Dodge) Castello 16 E RK FO
Rhizoplaca melanophtalma (Ram.) Leuckert & Poelt 16 B RK FO X
Rinodina endophragmia I.M. Lamb 24 B RK, SL CR
Rinodina mniaraea (Ach.) Korb. 24 B E CR X
Rinodina olivaceobrunnea C.W. Dodge & G.E. Baker 24 B E, SL CR X
Rinodina peloleuca (Nyl.) Miill. Arg. 24 SH RK CR X
Sarcogyne privigna (Ach.) A. Massal. 1 C RK CR
Sphaerophorus globosus (Huds.) Vain. 30 B E SL FR X
Sporastatia polyspora (Nyl.) Grummann B RK CR X
Sporastatia testudinea (Ach.) A. Massal. B RK CR X
Saurothele aff. Frustulenta Vain. 38 B RK CR X
Staurothele gelida (Hook f. & Taylor) .M. Lamb 38 SH RK CR X
Sereocaulon alpinum Laurer 31 B E FR X
Stereocaul on antar cticum Vain. 31 SH SL FR X
Sereocaulon glabrum (Miill. Arg.) Vain. 31 SH RK, SL FR X
Stereocaul on vesuvianum Pers. 31 C RK FR X
Tephromela antarctica 5 RK CR

5 C RK CR X

Tephromela atra (Huds.) Hfellner(= T. priestleyi @vstedal 2009)




Tephromela disciformis @vstedal 5 C RK CR X
Tephromela eatoni (Cromb.) Hertel 5 E RK CR X
Tephromela minor @vstedal 5 E RK CR X
Tephromela parasitica @vstedal & Sgchting S E E, RK CR X
Tephromela variiabilis @vstedal 5 E RK CR X
Thelenella antarctica (I.M. Lamb) D.E. Eriksson 34 E O, RK CR X
Thelenella mawsonii (C.W. Dodge) H. Mayrhofer & McCarthy 34 E RK CR X
Thelidium austr oatlanticum Orange 38 E RK CR X
Thelidium pyrenophorum (Ach.) Mudd 38 B RK CR X
Thelocarpon cyaneum Olech & Alstrup 35 E RK CR X
Tremolecia atrata (Ach.) Hertel 14 C RK CR X
Trimmatoyhelopsis antarctica C.W. Dodge 38 E RK CR X
Turgidosculum complicatulum (Nyl.) J. Kohlm. & E. Kohlm. 15 B RK FO X
Umbilicaria africana (Jatta) Krog & Swinscow 37 SH RK FO X X
Umbilicaria antarctica Frey & I.M. Lamb 37 E RK FO X X
Umbilicaria aprina Nyl. 37 B RK FO X X
Umbilicaria cristata C.W. Dodge & G.E. Baker 37 E RK FO X
Umbilicaria decussata (Vill.) Zahlbr. 37 B RK FO X X
Umbilicaria kappeni Sancho, B. Schroeter & Valladares 37 E RK FO X
Umbilicaria krascheninnikovii (Savicz) Zahlbr. 37 B RK FO X
Umbilicaria nylanderiana (Zahlbr.) H. Magn. 37 B RK FO X
Umbilicaria rufidula (Hue) Filson 37 RK FO
Umbilicaria umbilicarioides (Stein) Krog & Swinscow 37 C RK FO X
Usnea antarctica Du Rietz 21 SH E, RK FR X
Usnea autantiaco-atra (Jacq.) Bory 21 SH RK FR X
Usnea sphacelata R. Br. 21 B RK FF
Usnea trachycarta (Stirton) Miill Arg. 21 SH RK FR X
Verrucaria aff. aethiobola Wahlenb 38 B RK CR X
Verrucaria ceuthocarpa Wahlenb 38 B RK CR X

38 E RK CR X

Verrucaria cylindrophora Vain.




Verrucaria dispartita Vain. 38 E RK CR X

Verrucaria el aeoplaca Vain. 38 E RK CR X

Verrucaria halizoa Leight 38 B RK CR X

Verrucaria maura Wahlenb. 38 B RK CR X

Verrucaria psychrophila .M. Lamb 38 E RK CR X

Verrucaria tesselatula Nyl. 38 B RK CR X

Xanthoria candelaria (L.) Th. Fr. 33 B E, RK, SL FO X

Xanthoria elegans (Link) Th. Fr. 33 B RK FO X X X
Xanthoria mawsonii C.W. Dodge (=Xanthomendoza borealis 33 E E, RK, O FO X
Lindblom & Sgchting 2008) X
Zahlbrucknerella marionensis Henssen 18 B RK FL X

Supplementary Table 1: Geographic distribution, substratum, growth fomnfigrmation on the lichen taxa found at all thieeations are summarised.
(Geographical distribution: E=Endemic, B=BipolaH=SSouthern Hemisphere, @asmopolitan; Substratum: RK=Rock, SL=Soil, E=Epiphytic, O=Qthe
substrates, CR=Crustose, FO=Foliose FR=Fruticdsely&rea: AB = Admiralty Bay; SO = Schirmacher ®a¥L = Victoria Land)

Family: 1=Acarosporaceae, 2=Arthoniaceae, 3=Arthopyren@cea 4=Arthorhaphidaceae, b5=Bacidiaceae, 6=Candekake, 7=Catillariaceae,
8=Caudelariaceae, 9=Cladoniaceae, 10=Coccotrena&taté=Collemataceae, 12=Fuscideaceae, 13=Haemataoeae, 14=Hymeneliaceae, 15=Imperfectii,
16=Lecanoraceae, 1l1l7=Lecideaceae, 18=LichinaceassMd@asporaceae, 20=Pannariaceae, 2l1=ParmeliacezePelfigeraceae, 23=Pertusariaceae,
24=Physciaceae, 25=Porpidiaceae, 26=Protothelepala 27=Ramalinaceae, 28=Rhizocarpaceae, 29=8dlaceae, 30=Sphaerophoraceae,
31=Stereocaulaceae, 32=Stictidaceae, 33=Teloscbata34=Thelenellaceae, 35=Thelocarpaceae, 36eliEegae, 37=Umbilicariaceae, 38=Verrucariaceae



