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Our knowledge of the diversity and distribution of many groups of lichens remains poor due to unclear specie:
boundaries and challenging species identificatite. have studied the mediusized to large foliose lichen
Nephroma parilewhich is known to be heterogeneous in chemistry and genetics. Our aim has been to asses
the potential presence of evolutionary significant units withif\ephroma parilespecies emplex that may

be worthy of recognition at species level. Using phylogenetic analysis of the fungabBiddde marker (ITS)

in combination with studies of morphology and chemistry, we discover two distinct lineagesNnpgaele

species complex. Fohe strongly supported clade that corresponds to chemotype I, we describe the new
speciesNephroma orvai The new species is known from Norway, Sweden, Finland, Switzerland, Canada
(Alberta and British Columbia), USA (Washington), and Greenland.

Einar Tindal, Natural History Museum, University of Oslo, P.O. Box 1172 BlindernpBU3 Oslo, Norway.
Email: einar.timdal@nhm.uio.no (corresponding author).

Martin Westberg, Museum of Evolution, Uppsala University, Norbyvagen 185886 Uppsala, Sweden.
Email: martin.westberg@em.uu.se.

Reidar Haugan, Natural History Museum, University of Oslo, P.O. Box 1172 Blinder@34&®0slo, Norway.
Email: reidar.haugan@Ilichen.no.

Tom H. Hofton, BioFokus, Gaustadalléen 21,-Bi&%9 Oslo, Norway. Email: tom@biofokus.no.

Hakon Holien, Nord University, Faculty of Bioscience and Aquaculture, P.O.Box 250%,7R@Steinkier,
Norway and Dept. of Natural History, NTNU University Museum, Norwegian University of Science and
Technology, N&¥491 Trondheim, Norway. Email: hakon.holien@d.no.

James D.M. Speed, Dept. of Natural History, NTNU University Museum, Norwegian University of Science anc
Technology, N&¥491 Trondheim, Norway. Email: james.speed@ntnu.no.

Tor Tgnsberg, University Museum of Bergen, Department of Natural Hist@nB&x 7800, N&020 Bergen,
Norway. Email: tor.tonsberg@uib.no.

Mika Bendiksby, Dept. of Natural History, NTNU University Museum, Norwegian University of Science and
Technology, Ne&¥491 Trondheim, Norway. Email: mika.bendiksby@ntnu.no.

Introduction

The identification of many lichen species can be challenging due to the lack of distinguishing
morphological characters, and DMNrased studies have revealed extensive numbers of
unrecognized species in lichenized fungi (e.g., Molina et al. 2011, Licking etldl. B&ndiksby
et al. 2015). The large foliesand widespread lichen specidgphroma parile(Ach.) Ach.
(Nephromataceae, Peltigerale)mprises three chemotypes (James & White 1987) and eight
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genotypes (Fedrowitz et al. 2012), and may represent a species coXggbroma pariles. lat. is

a temperate to arctalpine species that is widespread and circumpolar, occurring throughout the
Northern Hemisphere and in southern South America (Janwhig& 1987, Vitikainen 2007). The
genusNephromacomprises abm ut 36 species (Liicking et al. 2017), of which several are restricted
to pristine, old growth forests. These species are important indicator species for areas with ricl
biodiversity and high awservation value. As long as the species level remains the basic unit for
natural resource and biodiversity management, species delimitation remains an important endeavo
This study is a further contribution into the crucial work of discovering, deligiéind describing
species.

In a study of the genusephromain Europe and Macaronesia, James & White (1987) found
six major hopane triterpenoids, as identified by 4hiyer chromatography (TLC), relevant to the
taxonomy of the genug:l (7b-acetoxyhopai22-ol; peltidactylin), T2 (150-acetoxyhopai22-ol;
dolichorrhizin), T3 (hopanesU22-diol; zeorin),T4 (hopane7h,22-diol), T5 (hopanel5U,22-diol),
andT6 (hopanesU 7b,22-triol). The six compounds occur in various, more or less spepiegic
permutations in most species of the genus. In the sorediate spegiesile, three chemotypes
(6racesd) were recognized: Race 1 and 2 con
T4, and T6. The distinction between race 1 and 2 was lasadditional minor compounds. Race
1 is the widely distributed chemotype in the Northern Hemisphere, race 2 occurs in southern Sout
America, and race 3 was known to James & White (1987) from a few collections from Switzerland,
Greenland, and Canada (&ifta and British Columbia). The lectotype-A€CH 1468B) was found
to belong to race 1. James & White (1987) discussed possible correlations between chemotype al
morphotype (faveolation on the upper surface, corticate soredia, subtomentose lower furface),
concluded that only one species containing t

A morphologically rather similar specids, isidiosum(Nyl.) Gyeln., differs morphologically
mainly in forming terete or coralloid isidia. It contains terpiels T4 (major and constant), T1
(sometimes absent or trace only), methylgyrophorate (constant), gyrophoric acid (sometimes absel
or trace only), and pigments (James & White 1987). The species is not closely reldtgzhtibe
however, as it belonga theN. helveticumAch. complex (PiercefNormore et al. 2006, Wang et al.
2013).

In the Nordic Lichen Flora, Vol. 3, Vitikainen (2007), reported two chemotypBis périlein
the area and referred to them as chemotypes | and Il. The former correspawist sensu James
& White (1987) and is the common chemotype. The latter corresponds to race 3 and was said t
occur in Northern Norway and Finland (no locality or specimen cited). Vitikainen (2007) stated that
the taxonomic status of chemotype |l stibble further studied as it is characterized by soredia
tending to be dark, corticate, and concentrated to ridges of the reticulate upper surface, and by tf
lower surface being covered by short blackish tomentum.

Fedrowitz et al. (2012) studied symbiontestivity in Nephromaon a global scale. Among the
60 ITS sequences dfl. parile presented, they recognized eight genotypes, named N\F8L
(Fedrowitz et al. 2012, Appendix S1). No phylogeny of the genotypes, information on the genetic
distances between time or data on secondary chemistry were given.

At a workshop in Varanger, North Norway, in 2014, partly for collecting lichen species for a
reference database of DNA barcode sequences (the OLICH project; Marthinsen et al. 2019), one ¢
us (TT) collected eNephroma pariles. lat. which turned out to differ genetically from other
sequences of the species produced by OLICH. Subsequent examination showed the specim
belonged in chemotype Il and genotype NP7. This correlation prompted us to search for othe
spedmens of chemotype Il in fungarium material, mainly in BG, O, TRH, and UPS, and to further
sequencelN. parile under the OLICH project. Independently, one of us (MW), had sequenced
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Nephromaspecimens in order to investigate morphologically deviating spesiméN. parilein
northern Sweden. Also independently, one of us (THH) collected candidates fdte@neoma
species in Norway, especially. helveticumand N. isidiosum(ca. 20 collections, mostly during
fieldwork for action plan foHeterodermiaspeciosaHofton 2020]), which resulted in material
relevant for this study. We merged our results and report on the findings here, which includes the
description of a new speciddephroma orvoi

Material and Methods

The specimens were studied morpholadfic using dissecting microscopes. Tiayer
chromatography (TLC) was performed on73llections ofN. parile housed, or to be housed, in

the following fungaria: BG (86), LD (6), O (187), S (1), TRH (34), TROM (1), UPS (19), and WTU
(3). Nordic specimen morphologically fitting the description of chemotype Il by Vitikainen (2007)
were given priority. TLC was performed in accordance with the methods of Culberson (1972) and
Menlove (1974), using solvent system C. Most were analysed on aluminium afatgkass plates

were used occasionally.

All steps from DNA extractions and PCR amplification through sequencing and editing of the
20 OLICH sequences produced for this stytr943600 MT943619 were performed at the
Canadian Centre for DNA Barcoding (CCDBtgh//www.ccdb.ca), using the primer pair ITS5/ITS4
(White et al. 1990). Eight sequend®4T940834i MT94090) were produced in our own labs; the
seven Swedish sequences following the methods of Wedin et al. (2009), using the primer pai
ITS1f/LR3, and onemecimen MT940900Q following the procedure of Bendiksby et al. (2015) and
the primers ITS5/ITS4. All ITS sequencesNd#phroma pariléan GenBank (78) were downloaded
on 202005-15. Three additional sequenceshbfareolatumP. James & F.J. Whit&\. hensseiae
P. James & F.J. White, aldl sulcatumP. James & F.J. White were downloaded to function as
outgroup, selected based on the Macarondsephromaphylogeny of Sérusiaux et al. (2011).

A total of 109 sequences were preliminary aligned in BioEdit (H2$19) using its bundled
software ClustalwW (Thompson et al. 1994). The alignment was manually adjusted and ends wer
trimmed. In order to ease the analysis and presentation, any duplicatelénéical) GenBank
sequences from the same country was remdneed the dataset unless it represented a specimen
with known secondary chemistry. We analyzed the data phylogenetically using Bayesian, likelihood,
and parsimony methods as described in Bendiksby et al. (2015).

We used ecological niche modelling to asstss climate niche oNephroma orvoiin
Fennoscandia. As occurrence data we used all examined specimens except the one from Nor
America. As independent climate data we used bioclimate variables downloaded from WorldClim
(Fick & Hijmans 2017). Three climt@ variables were selected to represent main axes of
Fennoscandian climate variations. These were mean temperature of the warmest quarter, annt
precipitation and precipitation seasonality (Speed & Austrheim 2017). To account for spatial bias
in the distibution of occurrence records we used 1000 randomly selected GBIF recditus of
Lecanoromycetes from Norway and Sweden with a coordinate precision of < 1000 m (GBIF.org
2020). We used an ensemble modelling approach using general linear model, geitsehaoidel
and random forest methods. These were selected as a range of approaches that avoid overcomple:
(Guisan et al. 2017). Fivield cross validation was carried out to evaluate the models, and ensemble
modelling was weighted on the basisofeatchd el 6 s AUC (area wunder ¢
AUC was 0.80 indicating good performance. The model predictions were extrapolated over the
whole of Fennoscandia.
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Table 1 Specimens used in the phylogenetic reconstruction in this study, with ID as B Eigrent species
identification, genotype (GT) according to Fedrowitz et al. (2012), chemotype (CT), collection information,
and GenBank ID. GenBank IDs in bold mark sequences produced for this study.

ID Species GT CT Country, Collection GenBank
province ID
1 N. orvoi NP7 Finland, Mt Saana; Rikkinen JRO8S1F JN857282
Enontekién Lappi
2 N. orvoi Il Norway, Sa+ Oppdal, Dovrefjell, MT940900
Trgndelag Stgladalen; Sgrensen 4615 (I
L-48419)
3 N. orvoi 1l Norway, Batsfjord, Skogdalen; KY266927
Finnmark Tensbergt3619(0 L-
195875)
4  N.orvoi Il Norway, SgrVaranger, Kiltjignnan; MT943616
Finnmark Hofton 17290 (O L225689)
5 N. orvoi 1] Norway, Nordland Grane, Litlelva; Hofton 16027 MT943603
(O L-225687)
6 N. orvoi Il Norway, Nord Lierne,Dalaberget; Hofton MT943601
Trondelag 14140 (O :196490)
7  N.orvoi Il Norway, Oppland V&g3, Veogjelet; Hofton MT943617
17159 (O 1-:225688)
8 N.orvoi Il Norway, Sgr Oppdal, Varstigen; Hofton MT943608
Tregndelag 17408 (O 1-:225690)
9 N.orvoi Il Norway, Sgr Oppdal DrivstuseetraHofton ~ MT943612
Trgndelag 17411 (O 1:225691)
10 N. orvoi Il Sweden, Lule Jokkmokk,Padjelanta, Allak; MT940896
lappmark Berglund (hb Berglund)
11 N.orvoi Il Sweden, Lule Jokkmokk,Padjelanta, MT940897
lappmark Staloluokta, Westberg.n.
(LD)
12 N. orvoi Il Sweden, Lycksele Tarna, Mt Gierevaartge MT940898
lappmark Westberg 2770 (LD)
13 N. orvoi Sweden, Pite Arjeplog, Skarrimvagge; MT940894
lappmark Odelvik 06388 (S F60937)
14 N. orvoi Il Sweden, Torne Karesuando, Péltsan; MT940901
lappmark Westberg P124 (S F283561)
15 N. parile NP6 Canada, British 3051UBC HQ455101
Columbia
16 N. parile NP5 Canada, British 09-02UBC HQ455102
Columbia
17 N. parile Canada, British Spahats Creek KC437594
Columbia
18 N.parile Canada, British 17 km NE of Smithers; Rui & MT943605
Columbia Timdal 18115 (O k223759)
19 N. parile NP6 Canada Canada E; Aht60210 AY124148
20 N. parile NP1 Canada, Quebec Coffey & Freebury KU1003  JN857254
21 N. parile NP5 Canada Canada SW; Vitikaine3242 AY124145
22 N. parile China, Inner 20124452B JX867674
Mongolia
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23 N. parile NP1 Finland OksaneV| 22 AY124149
24 N. parile NP1 Finland KF142 HM448779
25 N. parile NP1 Finland KF172 HM448780
26 N. parile NP2 Finland Rikkinen JR08J4D JN857275
27 N. parile NP3 Finland Rikkinen JRO8S1P JN857276
28 N. parile NP1 Great Britain, Fedrowitz KUS3 JN857263
Scotland
29 N. parile NP1 Greenland Hanser22 Junel998 AY124147
30 N. parile NP1 Japan Thor GT23856 JN857253
31 N. parile NP4 Japan Frisch 10/Jp3 JN857277
32 N. parile Japan YO8948 KJ150376
33 N. parile Japan KFJp13B KJ150377
34 N. parile NP6 South Korea Hur 030384 DQ066708
35 N. parile NP1 Norway Kaasalainen U371 JN857261
36 N. parile NP6 Norway Kaasalainen U372 JN857280
37 N. parile | Norway, Rollag, Bjgnnhglfjellet; MT943600
Buskerud Hofton 17215 (O L225692)
38 N. parile | Norway, Nordland Leirfjord, Svartdalsvatnet; MT943618
Lofall L11267 (O -147913)
39 N. parile | Norway, Nordland Traena, Sanna; Lgfall L10783 MT943604
(O L-130855)
40 N. parile | Norway, Nordland Vefsn, Vikdalen; Klepsland ~ MT943611
JK06-L202 (O L-168625)
41 N. parile I Norway, Nordland Sgmna, Vik, Sgmna kirke; MT943614
Lofall L10841 (O -130913)
42 N. parile | Norway, Nord Meraker, Langneset; Bratli MT943615
Trondelag 7758 (O 1-:168087)
43 N. parile | Norway, Nord Steinkjer, Hatlinghus; Bratli & MT943602
Trgndelag Holien 7773 (O L168105)
44 N. parile | Norway, Sauda, gvre Molla; Oddane ( MT943607
Rogaland L-182090)
45 N. parile | Norway, Sogn og Luster, Fortunsdalen; Bgthun MT943619
Fjordane (O L-184059)
46 N. parile | Norway, Sar @rland, Storfosna; Haugan ~ MT943609
Tregndelag WG3-0157 (O 1:196031)
47 N. parile | Norway, Seljord, Amotsdal; Rui & MT943610
Telemark Timdal 13725 (O £200852)
48 N. parile | Norway, Troms Bardu, N for Setermoen; MT943606
Arnesen (TROM E1340014)
49 N. parile NP1 Sweden Frisch AF1/npa JN857270
50 N. parile NP6 Sweden Fedrowitz KU499 JN857281
51 N. parile | Sweden, Eknéaset; Bohman (O-L MT943613
Sddermanland 200864)
52 N. parile | Sweden, Torne Westberg 3161 (LD) MT940899
lappmark
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53 N. parile Sweden, Asele Odelvik 4225 (S L62511) MT940895
lappmark

54 N. parile NP5 USA, Montana 615LG 216 HQ455099

55 N. parile USA, Oregon AFTOL 131 HQ650698

56 N. areolatum Madeira Sérusiaux s.n. (LG DNA 34) HQ455057

57 N. hensseniae Azores, Pico Sérusiaux s.n. (LG DNA78) HQ455075

58 N. sulcatum Canary Islands, Le 198501-20, Rajalin AY124146
Palma

Results

The results of the morphological studies corroborate the observations by James & White (1987) an
Vitikainen (2007) that the two chemotypes show minor variation in faveolation on the upper surface,
development of cortex in the soredia, and in developmitttneentum on the lower surface. The
observations are summarized unbl@tes in the Taxonomy section.

Among the 33%&pecimens examined by TLC, we found 57 of chemotype Il. The remaining
were of chemotype | (except for a few specimens of other chemotyhies, by closer inspection,
were found to belong to oth&tephromaspecies). The two chemotypes were easily identified in
standard solvent system C (Fig. 1), and we found no need for solvent system G, which was preferre
by James & White (1987) for a widset ofNephromaaxa.

In total, we generated 28 new DNA sequences for the present study. Among the 78 downloade
GenBank sequences, a total of 50 were duplicates and excluded. We also excluded GenBar
sequence JN857283, due to likely contamination, ¢he. singleton representing genotype NP8 in
Fedrowitz et al. 2012). Hence, the final DNA sequence alignment was reduced to 58 sequence
(Table 1), which included three of outgroup and N5parile accessions. These 55 accessions
included seven of the eiglgenotypes in Fedrowitz et al. (2012; i.e., 21 DNA sequences), six
GenBank sequences with unknown genotype, and our own 28 sequenced DiNéss@enBank
accession number®T940894 MT940901, MT943600 MT943619. The alignment was 548
basepairs long and tliegroup contained 17 parsimony informative characters. The General Time
Reversible model of nucleotide substitution with gamma distribution and invariable sites (GTR+G+)
was the estimated best fit model. Resultant phylogenetic hypotheses from the Béikesitawod,
and parsimony analyses were congruent and consisted of two strongly supported sister clades (Fi
2: the Bayesian MCC with branch support from all analyses), which are here Nampadle (41
sequences; PP=1, BS=100, JK=99) aharvoi (14 sequences, PP=0.84, BS=100, JK=94). There
is also genetic variation within each of the two main clades, but this variation receives less suppor
is short branched, and with the available data, paraphyletic. All specimens of chemotype | (blue;
occur in theN. parileclade, and all of chemotype Il (orange) in theorvoiclade (Fig. 2).

The specimens of chemotype Il were collected exclusively in boreal to-almitie habitats
(Fig. 4), whereas those of chemotype | also occurred in nemoral and hemilboreangémoral)
habitats in Norway and Sweden.

The climate niche oll. orvoiwas mainly determined by temperature of the warmest quarter
(variable importance meat standard error; 0.8% 0.01). Annual precipitation andprecipitation
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Figure 1. Results from thidayer chromatography of 18 sampledN&phroma pariles. lat. Chromatogram in
solvent system C shown in visible light (A) and in UV 366 nm (B), both after treatment with sulphuric acid and
heat. Lane 1: references, atranorin (ATR) and norstictic acid (NOR); [é8es@ 14Nephroma pariles. str.;

lanes 913 and 1519: N. orvoi The triterpenoid codes, TI6, are according to James & White (1988ne

2: O L-168105; lane 3: O4200852; lane 4: 04196031, lane 5: O4168625; lane 6: O4168087; lane 7: O
L-225401; lane 8: O 4201429; lane 9: O 448420; lam 10: O 1-:196490; lane 11: O42011; lane 12: OL
42035; lane 13: 0442097; lane 14: O4225692; lane 15: O-225688; lane 16: O-225690; lane 17: OL
225691; lane 18: O225687; lane 19: O225689.
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Figure 2. Phylogenetic hypothesis based on a Bayesian analyses of 55 aligned DNA sequences from th

84/94/100

15 Canada (BC) NPE
[~ 36 Norway NP6
[~ 34 South Korea NP&
[~ 50 Sweden NP6
[—— 53 Sweden (AsL}

55 USA (OR)

[~ 20cCanada (0B) NP1
24 Finland NP1

26 Finland NP2
27 Finland NP3
[ 28 UK (Scotland) NP1
[ 29 Greenland NP1

52 Sweden (TL)

E7/64/100— 1 Finland (EnL) NP7

13 Sweden (PL)

Nephrema parile

Nephrema orvoi

Nephroma parilespecies complex, witiN. areolatum N. henssenigeand N. sulcatumused as outgroup.

Support values are reported as posterior probabilities (PP) / parsimony jackknifing (JK) / bootstrap (BS) above

branches. The sequence numbers refer to those in Table 1, and tH¢FANRIenotation refers to tiNe parile

genotypes of Fedwitz et al. (2012). Blue terminals: chemotype |; orange terminals: chemotype II; black
terminals: unknowrthemotype

seasonality were less important (variable importance 0.13 + 0.02 and 0.15 + 0.02 respectively)
Climate niche suitability decreased wimperature of the warmest quarter and increased with

precipitation seasonality (Fig. 5). Model predictions across Fennoscandia show regions of high
climate suitability forN. orvoiin the northern parts of Fennoscandia, and in the Scandes mountain

chain fig. 6). Southern and lowland regions have low suitability.

Discussion

As part of our ongoing work of discovering, delimiting, DNA barcoding, and describing lichen
species, we have performed this synergistic, integrative taxonomic study of the chenigtgpital
genetically heterogeneous species complexNhatarile s. lat. for some time has been known to
represent (e.g., James & White 1987, Fedrowitz et al. 2012). Our aim has been to assess the poten
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presence omultiple evolutionary significantinits within this medium to large foliose lichen that
may deserve recognition at species level. Our phylogenetic results (Fig. 2), based on the funge
DNA-barcode marker (ITS) in combination with studies of morphology and chemistry, reveal two
distinct (longbranched and strongly supported) genetic lineages iNthparile species complex.
These two main clades seem to correlate with two known chemotypes (I and Il, respectively). Base:
on an integrated evaluation of the following three aspects, we conclud¢. tharile s. lat. consist
of at least two evolutionary significant units that deserve recognition at species level: (1)
phylogenetic supportN\. parile PP=1, JK=99, ant. orvoi PP=0.84, JK=94), (2) the correlation
between clades and chemotypes, and (3) the morphological and geographical trends distinguishir
the chemotypes (James & White 1987, Vitikainen 2007, supported by our observations). The only
currently regarded synonymf dN. parile at species rank known to us k& subparileGyeln.
(Wetmore 1960). In the protologue, the distinguishing feature given is a glabrous, not pubescent
lower surface (Gyelnik 1930). This does not fit the morphology of chemotype Il. As no other nam
seems to be available, we hereby describe the strongly supported clade that corresponds
chemotype Il as the new spechsorvoi. All 57 specimens of chemotype Il were identified\as
orvoiand are listed und&pecimens examingahd those of chemgie | were identified a. parile
(not shown, except for those that were sequenced; Table 1). The new species is so far known fro
Norway, Sweden, Finland, Switzerland, Canada (Alberta and British Columbia), USA (Washington),
and Greenland.

For the genuslephromaas for most other ascomycete taxa, the fungal Bidfcode marker
(ITS) seems to efficiently distinguish taxa at what we like to consider as an appropriate level for
species recognition, corroborating statements by Lohtander et al (2002) andizeelral. (2012).

Taxonomy

Nephroma orvoiTimdal, M. Westb., Haugan, Hofton, Holien, Speed, Tgnsberg & Bendiksby,
Sp. Nov. Fig. 3

Mycobank: MB 836813.

Diagnosis Differs from N. parile in having more faveolate, wrinkiédged lobes, sofia
concentrated on these ridges, more persistently corticate soredia, a darker lower surface often wi
a thicker pseudotomentum, and in containing triterpenoids T1, T@najbr), and T6.

Type Norway, Finnmark, Batsfjord: the top of the valley Skogdale 7 0A32. 186N,
(WGS84), 237 m alt.,, 201@7-02, Tor Tgnsberg 43619 (=W@&D49) (O L-:195875, holotype
[DNA: KY266927, TLC: terpenoids T1, T3, Ténajor), and T6]; BG 1104044, isotype).

Description Thallus 410 (1 13) cm diam.; lobes up to 1X.5) cm wide; upper surface smooth to
distinctly faveolate especially near the lobe ends, medium brown to dark brown or partly olivaceous
brown, with mostly laminal, more rarely marginal, soralia which aenafoncentrated on the ridges;
soredia granular, long remaining corticate, sometimes forming coralloid clusters; margin entire;
medulla white; lower side medium brown near the lobe ends, darker brown to blackish brown in
inner part, smooth, naked or psetaioentose near the lobe ends, pseudotomentose in middle and
inner part. Apothecia and conidiomata not seen. Photobiostioc

Chemistry A series of triterpenoids, mainly compounds Tl-g§Cetoxyhopai22-ol; peltidactylin),
T3 (hopanesU 22-diol; zeorin), T4 (hopanerb,22-diol, the major compound), and T6 (hopane
6U,7b,22-triol), with traces of additional unknown terpenoids.
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Figure 3. Nephroma orvaoiHolotype (O :195875).A: habitus;B: faveolate lobe and corticate soredin;
pseudotomentose lower surfaBeale: A=5 mm, B=2 mm, C = 2 mm.

Etymology The species is named in honour of Dr Orvo Vitikainen on the occasion of his 80th

birthday, in appreciation of his significant contribution to the taxonomy of the Peltigerales

Habitat and distributionThe species grows on rock, shrubs, and tree trunks. Recorded phorophytes

areAlnus incanaJuniperus communiSalix capreaS. sp. (alpine willow), an&orbus aucuparia.
The sites include subalpine birch forest, subalpine fonest, boreal spruegominated forest,

boreal rainforest (rarely), and alpine habitats up to 1400 m altitude in the Nordic countries (1900 rr

in USA, Washington).Most finds are from large boulders arsinall rock walls, clearly preferring
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Figure 4. The distribution ofNephroma orvoin the Nordic countries based on the examined specimens and
GenBank ID JN857282.
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