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Sum m ary: Some European species of the g e n e r a  Parmelia and Punctelia are ana- 
lysed using molecular, morphological and chemical characters and notes 
on their distribution are presented. ITS sequences were compared from a 
total of 3 1  representative specimens. Parmelia ernstiae and P. serrana form 
a sister group to P. pinnatifida and P. saxatihs, whereas P. discordans and P. 
omphalodes are closely related and form a  sister group to all former four 
species. Bootstrap support values from the PAUP and PH YLIP analyses 
are used to confirm relationships between Parmelta and Punctelia species. 
Parmelia ernstiae, P. serrana, Punctelia jeckerii and P. subrudecta are reported 
from additional countries and provinces. Parmelia ernstiae is reported from 
B o s n ia -H e r z e g o v in a  and Czech Republic fo r  the f irs t  time, and P. serrana 
is new  to Germany, Russia and Ukraine. The chemical compounds present 
in Parmelia ernstiae, P. saxatilis and P. serrana were analysed and c° mPared 
using HPLC. These morphologically similar species are chemically ditter-

ent.
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zus"  Funde en T gebdenP ITS'Se'auenzen von insgesamt 31 Belegen werden verglichen. Parmelia anstiae und P. sei rana 
bilden die Schwestergruppe von P. pinnatifida und P. saxatihs. Diese vier Arten i en 
die Schwestergruppif von P. dtscordans und P. omphalodes die nahe verwandt sind. 
Bwtstrap-W erte von PAUP- und PHYLIP-Analysen werden verglichen um d.e Ver­
wandschaft von Parmelia- und P ,m rtÄ -A rten  zu klären.
Punctelia ieckeri und P. subrudecta werden von zusätzlichen Landern und Bundeslan 
dem  gemeldet Parmelia ernstiae wird erstmals von Bosnien-Herzegowma und Tsche­
c h i e n  angegeben, P. serrana ist neu für Deutschland, Russland und die Ukraine. Die 
sekundären Inhaltstoffe von Parmelia ernstiae,
HPLC untersucht und verglichen. Diese morphologisch ähnlichen Arten sind

misch unterschiedlich.

. ... . .  A r tp n  d e r  G a t tu n g e n  Parmelia u n d  Punctelia w e rd e n

Introduction
Although Parmelia ACH. s. str. is one of the most frequently investigated 

and well-known genera, three new European species have been discovere 
the plst decade: Parmelia barrenoae DIVAKAR, M.C M olina & A. C ^ a d o e e  
relative of P. sulcata TAYLOR (DIVAKAR et al. 2005), and P. ernstiaeJ EUEREE[ Sz ■ 
THELL and P serrana A. CRESPO, M.C. M olin a & D. Hawksw., which^were^eg- 
regated from P. saxatilis (L.) AĆH. (DIVAKAR et al. 2005; FEUERER & T h e ll 2002

MOLINA et al. 2004). Furthermore, according to a recent i ^ ^ h e M T r S o ć )  
elear that further species will be segregated from P. saxatihs (H edstrom  2006). 
Twelve of the ca. 60 known species of Parmelia occur in
proximately two-thirds of the species are restneted to Asia and Aust™ as 
(HALE 1987). Most likely, the European species belong to a single monophy 
group. Parmelia is typically a boreal-temperate genus in Europe. ,

The phylogenetic status of the entire genus Parmelia ,s still poorly known. 
The three new species mentioned above are known exclusively from Europe, 
except for P. J r a n a ,  which also occurs on the Canary Island, Previous mo­
lecular studies have supported three separate species withm the P. °™ P ^ d e  
( L ) ACH group namely P omphalodes, P. pinnatifida KUROK. and P skultu H 
MOUNA egt ak 2004; THELL et al. 2004). The chemically distinct ?

discordans Nyl ., has not previously been investigated by m odular
There are six representatives of the genus Punctelia K rog in Europe, a m 

nor part of its entire diversity [ca. 30 species], most of wh.cb 
South America (THELL et al. 2005). The genus was
cause of the development of punctiform pseudocyphellae and differences 
chemistry and conidial characters (KROG 1982). Punctelia has a temperate-sub- 
t p ”  al distribution in Europe. The distribution of three species extendsint> the 
Nordic countries (SANTESSON et al. 2004). New localities are reported for Den 
mark and southernmost Sweden. The extended distribution is perhaps due
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the warmer climatic conditions (CHRISTENSEN & S0CHTING 2007; MALMQV.ST 

PerS' Ä  is most probably a
melia and Punctelia appeared^ as ^ g r o  p ^  ^  is a furth
of the family Parmehaceae (THELL e l .a L z J  F ^  and pu n äeba

species m 
chemistry and distribution.

M a te ria l an d  M eth o d s

Selection of specim ens authors in recent years for the pur-

^ r r : s - » = s ; s’, s 3 s

D N A  phylogeny analyes O n o m ic  D N A  of the specimens studied
B Ü r a c t i f i a - a n d i m E M ^ ^  Ge p, . Ę xtractionKit from Qiagen

w as extracted employing M agAttrac machinę in 300 ml
(08/2003). The samples were v ig o o u sly  shaken in ^  ^

extractionbuffer incorporating f ^ ^ a t i o n  w as followed. The nu-
manufacturer's protocol ionP w as amplified, using the primers

r o i  Z l S  ( W .m  « ■  . . 0  —

described by THELL et al. (2007b). . s Qf the m anually aligned ITS se-

T he.PhÄ ' V e r s i o n  4.0b (SWOFFORD 1998). Trees were cal- 
quences w ere done with, PAUP^ versro ^  ^  ^  ^  ^  Gaps were

SS p ^

formed^usm^thn tQ ^  examination o f the^ ^

subjected to  bootstrap  analysis w here created w ith  "seqboot",

obtained from both methods, are marked and
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trees obtained using parsimony or neighbour joining, whereas the tree for the 
second dimension showed no significant phylogenetic signals.

Table 1: Material used in the study.

Species

Flavopunctelia borre- 
rioides
Flavopunctelia flaven- 
tior
Parmelia discordans 

Parmelia ernstiae

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae 

Parmelia ernstiae

DNA-
number

1521

1285

1929

1697

1923

1924 

1939

Specimen-voucher GenBank
Accession

1299

836

858

1928

865

1930

China, Yunnan, 2002-10-29, van H erk  
(ABL)
Germany, Bayern, Dachau, 2002-03-31, 
Feu erer (HBG)
United Kingdom, Scotland, Hawksworth 
(MAF-Lich 10232)
Bosnia-Herzegovina, Sarajevo, Weckesser 
(GOET)
Czech Republic, W. Bohemia, v.D. B oom 
(herb. v.D. B oom)
Denmark, Bornholm, Olsker, 2005-10-31, 
T h e ll (LD-1003288)
Denmark, N. Jütland, Vindblaes S of Had- 
sund, saxicolous!, 1999, S0CH TIN G  (C);
Thell (LD-1274821)
Denmark, S. Jütland, Agerskov, 2005-07-01, 
T h e ll (LD-1062891)
Estonia, Hiiu Co., 2005-07-06, Suija & 
NÖMM748 (TU-33948)
Estonia, Pärnu Co., 1999-07-29, Jüriado  
265/7 (TU-33949)
France, Bretagne, 1949-06-16, Almborn  
(LD-1151119)
Germany, Brandenburg, Prignitz, 2002-06- 
15, S ch u ltz  02127 (herb. S ch u ltz) 
Germany, Niedersachsen, Soltau-Falling- 
bostel, 2000-04-14, E rn st (HBG)
Germany, Schleswig-Holstein, Großsolt,
2001-01-15, Feu erer & T h e ll (HBG) 
Germany, Saarland, Mallert, 2005-08-26, 
Feu erer (HBG)
Luxembourg, Lorrain, 2003-05-10, 
Diederich 15601; 8621 (LD-1067698)
The Netherlands, Gelderland, 1941-10-24, 
M aas G eesteranus 1581 (LD-1123383) 
Sweden, Gotland, 2003-05-24, Arup L03103 
(LD-1103325)
Sweden, Daisland, 2006-05-25, W estberg  
06-004 (LD-1172315)
Sweden, Skäne, Eslöv, 2003-03-01, Thell 
0101 (LD-1026466)
Sweden, Skäne, Norra Rörum, 2005-10-28, 
Arup L05080 (LD-1256223)
Sweden, Skäne, Tässjö, 2006-08-09, Arup

AY773129* 

AF251420* 

AY583212* 

EF611286

EF611289

EF406113*

EF406114* 

EF611291

AF410833*

AF410834:i

EF611292

AY247007*

EF421713*
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Parmelia omphalod.es

Parmelia omphalodes

Parmelia pinnatifida

Parmelia pinnatifida

Parmelia saxatilis

Parmelia saxatilis

Parmelia saxatilis

Parmelia saxatilis

Parmelia serrana

Parmelia serrana

Parmelia serrana

Parmelia serrana

Parmelia serrana

Parmelia serrana 
Parmelia serrana

Parmelia serrana

Parmelia sulcata 

Punctelia borreri 

Punctelia jeckerii 

Punctelia jeckerii 

Punctelia subrudecta 

Punctelia subrudecta

06038 (LD-2006-08-29)
1028 Finland, Varsinais-Suomi, Turku, 2001-10-

15, Thell 01101 (TUR)
2240 United Kingdom, Scotland, 2005-05-23,

F euerer (HBG)
9 8 5  Austria, Tyrol, 2001-08-08, Feuerer &

Thell 64609 (HBG)
_  Russia, Murmansk obi., Kola Peninsula

(MAF-7274)
518 Chile, Region XII, Peine, Feuerer 29542

(TUR)
Denmark, N. Jutland, 1999-08-26, S0CH TIN G 

(C)
534 Finland, Varsinais-Suomi, 1999-08-23,

T hell 9926 (TUR)
Sweden, Skäne, Örkened, 2000-09-09,
T hell SK0010 (LD-1024482)

9 1 4  Germany, Bayern, München, Feuerer 
(HBG)

91 5 Germany, Bayern, München, Feu erer  
(HBG)

2213 Germany, Bayern, München, F euerer

(HBG)
2225 Germany, Bayern, München, F euerer

(HBG)
2242 Germany, Bayern, München, F euerer

(HBG) ^  x
1327 Russia, Adygei, Otte L2742 (herb. Otte)

Ukraine, Tauria, Distr. Aluschta, 1955-08- 
25, E. K o p a c z e w s k a j a  (LD-1123323)

_  Spain, Prov. Madrid, 2005-10-08, T hell

SP0509, F euerer & Hawksworth (LD- 
1052249)
Sweden, Skäne, 1999-07-27, Thell & 
Marth 9920 (TUR)
Italy, South Tyrol, 2001-05-15, Feuerer & 
Thell (HBG)
Belgium, Liege, 2003-05-01, Aptroot 
57873 (ABL)
Sweden, Skäne, Lund, 2007-01-03, Arup et

517

945

1507

1979

944

1978

AY251440* 

EF611295 

EF611300 

AY036987* 

AF410672*

AF410835*

EF611297 

EF611296 

EF611298 

EF611293 

EF611299 

EF611294

AF410840* 

AY773113* 

AY773121* 

EF611288

al (LD-1188067) r̂nn„ , #
Germany, Schleswig-Holstein, Frörup, 2001- A Y 7 7 3 116
01-15, F e u e r e r  & T h e l l  (HBG)
Sweden, Skäne, Lund, 2005-07-21, E F 6 1 1287
Westberg (LD-1193242) -

' SouuetKV> aov.Tiio.,.U-.i Iron. < n-tiBank. h m / ' "  "  "  .ncbi.n lm .m lu 'm  ■
i o N  A numbers refer to the collections of the working group s.ored m LD and HBG.
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1521 Flavopunctelia borrerioides CHINA 

1285 Flavopunctelia flaventior GERMANY 

945 Punctelia borreri ITALY, S. TYRO L 

944 Punctelia subrudecta ITALY, S. TYRO L

1978 Punctelia subrudecta S. SWEDEN

1979 Punctelia jeckerii S. SWEDEN 

1507 Punctelia jeckerii BELGIUM 

517 Parmelia sulcata S. SWEDEN

i 518 Parmelia saxatilis CHILE 

534 Parmelia saxatilis FINLAND 

985 Parmelia pinnatifida AUSTRIA 

gb Parmelia pinnatifida RUSSIA, KOLA P.

1929 Parmelia ernstiae BOSNIA-HERZEGOVINA 

1697 Parmelia ernstiae CZECH REPUBLIC

1923 Parmelia ernstiae DENMARK 

965 Parmelia ernstiae S. SWEDEN 

1939 Parmelia ernstiae ESTONIA

1924 Parmelia ernstiae DENMARK

1 836 Parmelia ernstiae GER., NIEDERSACHSEN 

858 Parmelia ernstiae GER., NIEDERSACHSEN 

1928 Parmelia ernstiae GER., SAARLAND 

1930 Parmelia ernstiae S. SWEDEN 

2225 Parmelia serrana GER., BAVARIA

914 Parmelia serrana GER., BAVARIA

915 Parmelia serrana GER., BAVARIA 

1327 Parmelia serrana RUSSIA, KAUKASUS 

2213 Parmelia serrana GER., BAVARIA 

2242 Parmelia serrana GER., BAVARIA 

gb Parmelia discordans U. K., SCOTLAND

■ 1028 Parmelia omphalodes FINLAND 

2240 Parmelia omphalodes U. K., SCOTLAND

branches If different, those resulting from the PAUP-analysis are 
cated to the left and those from the PHYLIP-analysis to the nght.
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ChemS n d a r y  liehen compounds were detected by means of higĥ  perform­
ance liquid Chromatography (HPLC) and thin-layer chromatography (Elix al.

2003).

Results
ITS matrix and phylogenetic analysis consisted of 5 15

— • p — * — h ,p p ' ”r f
in the phylogeny of this group.

MOn° E p ; gorvalu es of the branches in the phylogenetic tree; obtainedfrom 

PAUP and PHYLIP are compared. The suPP“ ‘u^  ievefs above the
PHYLIP analysis are genera l y - j J  ra  F ,avopunctelia and 
species level are generally low within i armem  i g ^  ^  ^
Parmelia are distinguished by g■ s" P ^ es p  which is separated from
divided in two groups, 1. . S P j xhe p. saxatiüs group is
2 ., the P. saxatilis group, by a 100/99 A l»ootstrap ^  ^  ^  yal_
in turn divided into three sister group , J  % the pnYLIP-analysis.

ues, except for P. ernstiae w h* omphalodes received higher support
The group comprismg P. o-mnn whereas the opposite is the

^ i),E xcep t for p- °mvhalodes' the c a s e  for. the other sister g p arrented species and genera, com-

i ,  -  —

within genera.
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Table 2: Chemistry of the investigated species detected by HPLC comple-

compound Pa di Pa er Pa om Pa pi Pa sa Pa se Pu je Pu su

atranorin + + + + + + + +

chloroatranorin 

salazinic acid

- +

++ + +

+

++

+

++ -

consalazinic acid - + + + + +

galbinic acid 

lecanoric acid

+ — (+) (+)

- + +

lobaric acid 

lichesterinic acid

+ +

+

+

-

+

+ -

protolichesterinic acid - + + + — ++

nephrostermic acid

isonephrosterinic acid

fumarprotocetraric
acid
protocetraric acid

+

+

+

+

(+)

( + ) / -

( + ) / -

( + ) / -

( + ) / - (+)

++

- / ( + )  -

-

° f  th e  o th e r  spec ies
: detected by TLC (Hale 1987; VAN Herk & Aptroot 2000).were

The chemistry of three morphologically similar species, Parmę ta emsUae 
P. saxatüis and P. serrana, was compared (Table 2). The . «rnsta*
was analyzed for the first time. Ali four specimens ofP . ^  (D e n n * * , LD 
1003288 LD-1062891, 1999-08-26 Sochting (C) and Sweden, LD-1026466) eon 
ataed t k e ™  Chemical constituents: atranorin (minor), chloroatranorm rm- 

nor) sakzW c acid (major), consalazinic acid (minor), lobaric acid (mmor) hch- 
esterinic acid (minor), protolichesterinic acid (minor), nephrostermic acid (mi 
n t)T o n e X o s te rirü c  acid (minor) and traces of protocetranc acid. A single 
specimen of P. serrana from Spain (LD-1052249) exhihibited very similar che­
mistry except for the absence of lobaric acid (Table 2). For companson, a typica 
P. saxatüis L m  southernmost Sweden (LD-1024482) was
found to differ from both P. ernstiae and P. serrana by the absence of the fatty 
acids, protolichesterinic, lichesterinic, nephrostermic and isonephrostenmc a a  s

(Table 2).
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Distribution , chemistry in com-
The above phylogenetic analysis and new data on tne cnen y

RER (2007) at h ttp ://w w w . checklists.de

D iscu ssio n

K Ä L  » “ d  ”” « o t o l «  h . ,  W

"S^ “  Ł  *-/—  *-c-w M E S
characteristtc chemistry or ™ ^ j°™ ™ u rest was the fact that

s : i,  ä *e- -
p h o d e s ,  whereas all seven species are chenucally distmct (Bg. 1, Table 2).

Notes on the species
P arm elia  d iscordans  , . i cnecies although most speci-

ofthe t̂ng^sampl^of^d^ordans^diî no^distinguish
h Inńp* (Tie: 1) The status of P. discordans as a separate species

s a x - *  *— ■> -  -  •—
sive phylogenetic analysis is undertaken.
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P arm elia  ernstiae
This species is distinguished from P. saxatilis by the pruinose upper sur­

face The thallus is usually composed of smali rounded, non-overlapping o es 
and is often lobulate, particularly in central parts, where the lobules are inter- 
mixed with the isidia (FEUERER & THELL 2002). Subsequently described and 
similarly pruinose P. serrana differs from P. ernstiae by the large rounded and 
commonly overlapping lobes (MOLINA et al. 2004). P. ernstiae is a corticolous 
species in the nemoral-atlantic part of Europe from Spain to Estonia (FEUERER & 
THELL 2002; VAN HERK & APTROOT 2004; MOLINA et al. 2004; SERUSIAUX et al. 
2003; S0CHTING et al. 2007; SUIJA et al. 2007; T h e ll 2003; T h e ll et a . a), n
addition to the morphological characters, all of which overlap with P. saxatilis to 
some extent, FEUERER & T h e ll (2002) demonstrated several characters in the
ITS-reeion of the rD N A  which differ from the latter species.............................

N ew  data on their respective chemical products assist in distinguis ing 
the three species. P. ernstiae exhibits the largest set of secondary compounds. P̂  
saxatilis lacks the fatty acids, lichesterinic, protolichesterinic, nephrosterimc and 
isonephrosterinic acids observed in the other two species. No lobanc and proto­
cetraric acids were detected in P. serrana in our investigation, but MOLINA et al. 
(2004: 48) previously reported traces of protocetraric acid for this species. ew 
localities in Bosnia-Herzegovina, the Czech Republic and eastern Germ any ex- 
tend the distribution of thi's species eastwards.

One saxicolous specimen of P. ernstiae from Denmark (S0CHTING 1999-08- 
26 p p [Cl), of this otherwise corticolous species, w as chemically analyzed and 
its contents agreed with P. ernstiae. This material w as collected before P. ernstiae 
w as described (FEUERER & THELL 2002), and is still the single known epilithic 
occurrence. The locality w as revisited in Ju ly 2007 and, notably, the species was 
found to be frequent on granite stones of the stone fence surroundm g the churc 
yard in V in d b lss  parish south of H adsund in eastern Jütland (LD-1274821).

P arm elia  p in n atifid a  .
H ale  (1987) did not recognize P. pinnatifida as a separate species because

of the overlapping morphological characters, particularly between North 
Am erican populations of P. pinnatifida and P. omphalodes. H owever, P. om­
phalodes and P. pinnatifida were shown to be phylogenetically distinct following 
D N A-analyses based on ITS and ß-tubulin sequences (MOLINA et al. (2004). The 
latter authors highlighted three distinguishing characters for P. pinnatifida: t e 
narrower lobes, marginal pseudocyphellae, and the absence of lobanc acid.

Our phylogenetic analysis supports that performed by MOLINA et al. 
(2004)- in Europe P. pinnatifida is well-distinguished from  P. omphalodes. H ow ­
ever, further work w ould be needed to establish the status of the North Am en- 

can material.
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P arm elia  sax a tilis
P. saxatilis s. str. is a morphologically rather variable, subcosmopolitian

species with no phylogeographic divergences (T h e l l  et al. 2004). Two species 
have been segregated from P. saxatilis in recent times, P. ernstiae and P. serrana, 
and further species are expected to be segregated following recent molecular 
analyses (HEDSTRÖM 2007). P. saxatilis s. str. is still not strictly delimited, so all 
previously published data on its secondary products may include other species.

Chemical constituents for two specimens (LD-1024482 and C: S0 CHTING 
1999-08-26 p. p.), were investigated for comparison with the segregates P. ern 
stiae and P serrana. Atranorin, chloroatranorin, salazinic acid, consalazinic acid, 
lobaric acid and protocetraric acid were detected in both specimens. The pres­
ence of lobaric acid and the absence of lichesterinic, protolichesterinic, nep ros- 
terinic and isonephrosterinic acids distinguishes P. saxatilis from P. serrana and 
P. ernstiae respectively (Table 2).

P arm elia  serrana .
P. serrana is characterized by its broad, rounded and often overlapping

lobes. It is less adnate to the substratum and is paler coloured than P. saxatilis. P. 
ernstiae has a similar colour but usually produces small lobules and the lobes are 
rarely overlapping and narrower. The distribution of P. serrana remains to be 
clarified. Compared with the atlantic-nemoral P. ernstiae, it seems to prefer more 
mountainous and Continental areas. However, it has been collected in quite dis­
similar localities, from saxicolous as well as corticolous substrata m the Canary 
Islands, to Spain and Austria and semi-boreal parts of Sweden (MOLINA et al. 
2004, MATTSSON et al. 2006). It has a broader distribution than P. ernstiae, as the
latter is not known from the Canary Islands.

New localities in Bavaria, Russia, and Ukraine are reported here, thus 
strengthening the hypothesis that P. serrana prefers more Continental habitats. 
Except for the absence of lobaric acid, the secondary compounds in this species 
are the same as in P. ernstiae (Table 2; MOLINA et al. 2004: 48). According to this 
and earlier phylogeny analyses, P. serrana is clearly distinguished from P. ern- 
stiae, P. saxatilis as well as other Parmelia species.

P. jeckerii was raised to species level as P. ulophylla by VAN HERK & APT­
ROOT (2000), a name based on Parmelia caperata var. ulophylla (ACHARIUS 1810). 
However, K a l b  (2007) discovered an older species name, Sticta jeckern ROUM., 
and therefore proposed the new combination P. jeckerii (ROUM.) K a l b . Until this 
species was resurrectćd by van HERK & APTROOT (2000), it had been treated as a 
synonym of P. subrudecta for many years and as a consequence its distribution is 
still poorly known; SANTESSON et al. (2004) retained this species. An old speci­
men of P. subrudecta from Uppland in southern-central Sweden has now been
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shown to be P. jeckerii. P. subrudecta, and thereby P. jeckerii, were listed as being 
extinct in Sweden. However, both species were recently collected in Lund and 
confirmed within this study by their respective ITS-sequences. The two species 
differ in several morphological characters. P . jeckerii has a thicker thallus, its 
upper surface is more greenish and shiny in the centre, whereas the margins are 
pruinose (VAN Herk & APTROOT 2000). A phylogenetic analysis based on ITS- 
sequences shows that the two species are not very closely related (T h ell et al. 
2005). P. jeckerii is probably common in Southern and central Europe but rare in 
the north, where there are a few records from Denmark and western Norway, in 
addition to the new Swedish locality (CHRISTENSEN & S0CHTING 2007, GAUSLAA 

2000).

P unctelia subrudecta
This is a common species in Southern and central Europe and its distribu­

tion extends to the Baltic Sea; it is also reported from Denmark and westernmost 
Norway (CHRISTENSEN &  S0CHTING 2007; G a u s l a a  2000). The newly discovered 
Swedish locality for P. subrudecta is the first, following the redetermination of 
the old specimen as P. jeckerii (MALMQVIST pers. comm.). The corticolous habit 
and distribution are very similar to that of P . jeckerii. Although the distribution 
of the latter is still poorly known, P. subrudecta seems to be more common.
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