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Parmeliaceae

Divakar et al. 2015
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Introduction

Intermediate specimens between species In:

JAN
ANICA

AN INTERNATIONAL MONOGRAPH SERIES

Pseudephebe

Ann. Bot. Fennici51: 345-371 ISSN 0003-3847 (print) ISSN 1797-2442 (oniine)
Helsinki 22 September 2014 & Finnish Zoological and Botanical Publishing Board 2014

Taxonomy of Bryoria section Implexae (Parmeliaceae,
Lecanoromycetes) in North America and Europe, based
on chemical, morphological and molecular data

Saara Velmala'*, Leena Myllys', Trevor Goward®, Hakon Holien®* &
Pekka Halonen*

" Botanical Museum, Finnish Museum of Natural History, P.0. Bax 7, F00014 Universly of

Holink, ¢ .
 UBC Hovbartum, Besty Museum, Univarsty of Brtish Colmba, Vancouves, BC VBT 124,

adoross: Enichned Consuting L, 5369 Cloanwater Vialy Road, Upper
Cloarway, £C VOE N, Canad)

N . Norway
a P.0. Box 3000, FR50014. Fintend

‘Racaived 31 Jan. 2014, fnal varsion recalved 13 e 2014, acceptod 18 une 2014

Velmas, S.. Mylys, L, Goward, T, Hollen, H. & Halonen, P. 2014: Taxonoemy of Snyora section
Impiaxse (Parmeliacess, Lecanommycstes) in North Amenca and Europe, based on chemecal,
morphologica and molecular data. = Ann. B0t Fannk 51: 345371

Ninety-seven ingroup specimens of Aryoria section Implexae (Parmeliaceae, Leca-
noromycetcs) were studied using molecur, chemical, morphological and geographic
characters. The molccular data included muclear ribosomal maskers (ITS. IGS) and the
partial glyceraldchyde.3-phosphate dehydrogenase (GAPDH) gene. In addition to par-
simoay amaly loty Phylogenetic analy ly
suppocted the monophyly of the section mplexae. The specimens were grouped inlo
two moncphyletic clades. Clade | encompassed all esorediate materal from North
America, whereas Clade 2 included both sorediate North American material and all
European material. Relationships at the species level, however, remained unsesclved,
except in the case of North American 5. implexa chemotype | and European 8. capil-
laris. Nevertheless a number of species in each clade can be recognized using tradi-
chemical i< Bryaria friabil i

Implexae

sp. nova, B. kockiana sp. nova (suppoeted also by phylogeny), B. pikei and B. preudo-
fuscescens in Clade 1. and B. capillaris. B. fuscescens, B. implexa. B. knemmerleana,
and B. vrangiana in Clade 2. In additicn, North American B. capillaris is proposed for
inclusicn in . pikei, while B. chalybeiformis, B. lanestris and B. subcana are used as
synanyms of B. fuscescens.

Bryoria section

Introduction ‘maunly in forested regicns of boreal 1o north tem.
peruic E: nd North America, but also more

et al. 2014




Main Objectives

Perform an integrative taxonomical study of Bryoria section Implexae and Pseudephebe.

Study the extrolite composition, location and taxonomical utility in Bryoria and

Pseudephebe.
Study the interaction between Bryoria fuscescens and the environment.

Understand the evolutive processes that are producing the phenotypical variability

observed in Bryoria fuscescens s. str.



Sampled areas
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Pseudephebe: aprox. 120 specimens Bryoria: aprox.
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Materials and Methods

Main data

Main analyses

Distribution
Phenotypical
Morphological characters
Chemical characters
Molecular
7 standard DNA markers (6 +1)
5 new DNA markers
18 microsatellite markers

Main lab. techniques

Fluorescence microscopy
Thin layer chromatography
PCR

Sequencing

545 pyrosequencing

Phenograms: “R”.

Recombination detection: RDP, GENECONYV, Chimaera,
Maxchi, Bootscan, SiScan, PhylPro, 3Seq.

Phylogenetic reconstruction: RAXML, MrBayes, MAFFT,
Partitionfinder, Mega, jModeltest, Beast, Figtree, CADM test.
Divergence time estimation: Beast.

Species delimitation programs: ABGD, GMYC, PTP,
BP&P, DISSECT.

Genepool detection: PCoA, DAPC, haplotype network,
STRUCTURE.

Genetic diversity: “R”, ADZE, GenAlEx, KGTESTS,
Arlequin.

Population dynamics: Beast.

Spatial analyses: Migrate-n, ibd.

Potential distribution: Maxent.

Bryoria: i Pseudephebe:




Chapter 1

Pseudephebe species are cryptic with an environmentally
‘modified morphology
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Chapter 1 Pseudephebe species

Pseudeph

ebe pubescens P. minuscula

Bryoria mariensis

120 specimens

N

) 4 37 specimens + 25 ou

Profusely Old

DNA sS5U Internodes Branches Pseudo- branched branches Flattened
Species code | Extrolites intron length (mm) width (mm) cyphellae tips appressed branches
Bryoria manensis 5077 Morstictic + =1-7 0-26 (0-1-1) + = = =
B. manensis 5075 Morstictic + =1-7 0-20(0-1-0-4 + = + *
FPseudephebe 43359 Morstictic + =1 0-18 (0-1-0-3) = + + +
minuscuia
F. pubescens 4338 Morstictic + =1 0-18 (0-1-0-2) + + = *
P. minuscula 4784  Absent i =1 0-32 (0-2-0-5; + + + +

crusty)

F. pubescens 4781 Morstictic + =1 0- 10 (0-1-0-2) perforated + = =
F. pubescens 4363 Morstictic + =1-2 0-17 (0-1-0-3) + + + +
P pubescens 4362 Greyish pale + =1 0-17 (0-1-0-2) = + + *

5pot

)

Phylogenetic tree using:
nulTS, RPB1 & MCM7

Characters notreported

in bibliography

\

-

Not three phenotipic groups
can be obtained

\




Chapter 1 Pseudephebe s

# Pseudephebe

26.5 Mya

=3
1/98) 1/81 o e =
0.98/ B. manenm'_Fal!(land 5075 H O
: B. mariensis Falkland 5077 O [ |
P pubescens Chile 5074 | [ |
1/99 Alectoria P pubescens Chile 5073 [ [ |
| | 1100 - 1 P g}ubes‘('exs S\yedf;oé}-BM -I I-
. / [ ! pubescens Austria

AL W’—_[ IB ryocaulon I fmbescfens Romania 4668 | L
P minuscula Alaska 4339 [ |
1/- P minuscula Portugal 4590 1 o
—|, E P aff. mir?us‘cula Spain 5071 H [ |

- Bryoria 0.98/ 70_ — aff. miruscula Spain 5072 u O A
e 0.98/- F— £ minuscila Sweden 4367 | [ |
P pubescens Alaska 4338 | |
4 3 M —1/851 £ mimuscida Norway 5079 | |
. y a liflﬁiénmmda Norway ?080 ) | :

lant el ] P minuscula Portugal 4670 2
cloels a:me{.'i \ — P pubescens Spain 4199 | O
0.009 T P minuscula Sweden 4360 (RefSpee) [l 1 O
1/93 —PE n}i}zmatla “l>le;'ﬂda 47&:;8 l: =
< ——————— P pubescens Washington

9 . 5 Mya ,87494 P pithescens Montana 4362 1 [

\ ngtrr P, pubescens Montana 4363 O A
- P pubescens California 4781 H O
# 1/100 P pubescens Oresun ;159] S 3919 ! g

. ? pubescens Spain
Ef)ft.r?.htes 1 . 25 Mya L P pubescens Spain 4589 [ L
Norstictic: ) | \ - P prbescens Spain 4198 | 1
cf. Gyrophoric: B f; pué)escem gpaj_n fégg % %
. — P pubescens Spain

None de.tec“fd" = 1100 = P pubescens Spain 4196 B O

Unidentified: | & 2 8 P, pubescens Spain 4671 u 1B
Intron 1/85 P pubescens Switzerland 4669 | ]
—— P pubescens Norway 5078 |
Present: m P pubescens Norway 5081 o L]
Absent: ] 1/84 P pubescens Norway 5082 Ll
Both: D (.005 P pthescens Sweden 4365 (RelSpec) ] |
- t - P pubescens Spain 4197 | |

ML and bayesian phylogenetic tree from the concatenated matrix
of ITS, RPB1 and MCM7.



Chapter 1 Pseudephebe sp

L= |~ |New species concept:
™ W speci pt:
1/98 1/81 . e “
0.98/- B. mariensis Falkland 5075
2zl B. mariensis Falkland 5077
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Chapter 1 Pseudephebe species

Pseudocyphellae
F

P. pubescens

E

No discriminatory characters b

Character

Pseudephebe minuscula

Pseudephebe pubescens

Habit

Thallus size (diameter)

Internode length

Compressed old branches

Flattened branching

Richly branched tips

S5U-3" 1516 intron

Spore size

Rarely subcrustose, small to
large fruticose

Usually less than 3 cm, but
reaching more than 8 cm

Usually less than 1 mm, but
reaching 7 mm

Frequent

Frequent

Frequent

Frequent

8.1-8.9 % 5.9-6.8 pm

Mever subcrustose, small
to medium fruticose

Less than 5 cm

Usually 1-3 mm, but
sometimes l2ss than 1 mm

Rare

Fare, but never very
flattened

From absent to present in
the same specimen

Abszent
9.0-9.5 % 5.4-6.0 pm

P. minuscula




Chapter 2

Molecular studies reveal a new species of Bryoria in Chile




- Morphological study

- Thin layer chromatography

— Maximum likelihoo

- nUITS, MSSU, MCM7 —

_ Bayesian tree

or B. sect. Implexae



Chapter 2 Bryoria araucana sp. nov.

|
B. araucan Sp. nov. . B. glabra - ry— Bryoria sect.

B, grancana 2 iholatypuas)
B. arancaria 3 1 1
] [[L8 o Bryoria Is
+ ERERCART 2 -
wnsy B, onmscuond § polyphyletic
e8] AN00F 5. nocvermikim 1 Sect. Bryoria
8. nacheiriiianag 2
8 poclti
B michades |
B. rrichodes 2
e - B frervelion |
B, jicellan 2

A%

0EVTS B confisn |
|—| A
R . L] B st | [
N o L P
B34 e - B, amivhii 2 ]
1/ X — 100 8. hicolor | E
) “Mll [.n'.F Bicolor 2 a.
NWE L3 s | 2
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e nTE? B, diverpescens
"'m_'{ |:H. hemaefumeresds
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. ] 171 B lpcytoen
Y f , .
N X 1195 “""[g ':"::‘:t’ ! Iﬁert. Americanae
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Az

Fig. 1. Phylogenetic relationships of Bryora species used in this study, 38 samples representing 19 species, based on ITS, mt5SSU, and MCM7

. - : e markers analyzed in a concatenated data matrix. Tree topology depicts the results of the Bayesian Markov chain Monte Carlo (B/MCMC) analysis.
Fig. 2. Bryoria araucana, holotype. A. habitat; B. habit, C. detail of branching pattern; Posterior probabilities and bootstrap values, when coincident with the Bayesian tree, are given on the node branches. Sections according to Myllys
D& E. detail of pseudocyphellae. Scales: B=1cm; G=1mm;D=015mm; E=025mm. g 5 (2011b). B. glabra (bold) = Chilean specimen. B.araucana (bold) = new species. Peudephebe pubescens used as outgroup.




1969; Myllys =f a. 2011a; Wang & Chen 1994) and our ob=ensations.

Table 2. Main diagnostic features for Eryoria arsaucans and phylogenetically related species, based on literature (Brodo & Hawksworth 1977, Bystrek

The &n{n

Character/Species

Bryoria araucana

B. nadvornikiana

B. poeltii

B. trichodes

B. furcellata

Main chemistry

Thallus

Pseudocyphellae

Soralia

Spinules or
spinulose
branches

Colour

Distribution

Fum

Fendent

Inconspicuous, dark
grey-brown

Absent

On terminal portions,
sparse

Dark grey-brown,
base usually darker

Chile, South America

Bar, Ale, + Atr, Fum in
soralia

Caespitose (hase) to
pendent

Inconspicuous, white

Tuberculate to fissural,

white

Lateral, sparse to
frequent

Fale to dark brown-
violet, base generally
black

Europe, Africa, Asia,
Hawaii, Morth America

Fum

Caespitose (base) to
pendent

Conspicuous, dark
brown-black

Tuberculate to fissural
dark, spinulose

Sparse, also on soraliz

Dark brown to black

Himalayas

Fum, Chlor

Fendent

Conspicuous,
white to brownish

Rare, fissural,
white

Lateral, sparse

Fale to dark
brown

Asia, Morth
America

Fum

Caespitose

Absent

Fissural, white,
spinulose (tufts)

Sparse to frequent

Fale to dark brown,
base often darker

Europe,
Macaronasia, Asia,
Cceania, Morth and
Central America

Bryoria araucana Boluda, 1. Hawksw.
& V. ]. Rico sp. nov.

=0 B 1960

open Forests (Fig. 2A). Those forests are

of the upper supratemperate
bioclimartic belt with the ultraperhumid rain-
fall regime of the South American Tempe-
e Remn (Amigo & Ramirez 1998).
the mean annual precipi mmn

Resembles the Narthem
Bryoria micodss, bt is distinet. meodeculaly, without
sorsla, andwith kas cotapleissin paendseyphelie.
Type: Chile, X Regite de La Araucania, Provineia de
Catin, Comura de Melipeuco, Conguillio Naional
Park, Tramo Contrakandi

north s s ronk, 31 August 2014,
3 Vitag |w 2 IMAF-Lich. 19715 halorypes, GenBiask

numbers:  KF975805 (ITS), KI930082
TmiSSL, and KESTS13 (MCMT),

(Fig-2)

Thaflus pendent o subpendent, 6-12 cm
long; isotomic to anisotomic dichotomously
branched, anghes  between  dichotomics
mainly obtuse, rarely acute; branches rerete,
even, main branches ar base 0-2-0-4mm
diam., tips to 0-1 mm diam.; terminal por-
tions with few lateral branchlets acutely
inserted. Surface dark grey to dark greyish
brown, shiny, base ordinarily black: cortex
prosoplectenchymatous. Soralfe and dsidia
lacking.,  Prendocyphellze  inconspicuous,
depressed, fusiform, concolorous to slightly
darker than the thallus, sometimes faintly
pruinose, siraight or twisted, up 10 15 mm
I.om! an trel u.ucm:l

and

Chemrizrey. Inner cortex and medulla C—,
K=, KC=, PD+ yellow turning red, some-
tmes faint, TLC: fumarprotocetraric acd
as the main subswance, with protocetraric
and confumarprotocerraric acids in trace
amounts.

Ernymology. Named after the IX Regidn de
la Araucania in Chile, which is the only
known area for the species, as was the case
in the nome Arancaria araucana,

Dyiseribirion and ecology. Knm\'n anly imm
the 1ype loeality and i

in the area, which falls mainly as snow, is ¢

Mmmy' and the mean annual tempcm-
ture is $6 °C, with dry and hot short sum-
mers (Di Casii & Hajek 1976). Brwoma

ucariss o ncana 8 more Fequent on  the

north-facing trunks exposed to humid winds,
growing  with  Coelopogow  apiphorells,
memmnhmm.i”wwﬂama?nwmn
and Platimnatia glanca. On the south-facing
ud.csofﬂ\ewmhuukﬁ&uqu:mmm

amnﬁm Pﬂmsnu,ml’mmm Tt may
be anticipated tha araucana will be
found 1o have a Mdn' dmri:ulm in the wem-
perate forests of the Southern Hemisphere
that are almost unexplored for alectorioid
lichers.

Conservation status. Allhough the new
species seems not o be frequent, it oocurs
in a protected area (Parque Nacional
Conguillio, Chile). No special actions o
corserve the species are currently required.

Addinonal  speamens examined  Brona  aniwana
Chiles X Regin de La Arvacmia, Provincia de Cautim:

th— su:wu a!'S. |:n~mm
b 11 m, Arausaria avaucana foeest, on the north side of
an srauscaria 2013, ¥, Vilagra 5 & 6 (MAF-Lich.
19723, 19724y dd, W IWILSTS, TI9VT052T°W,
1215 i, Araucaris araucana forest, on the Boetk side of
an sraucaris wunk, 2014, 1 Villagea 1, 3 & 4 (MAF-
Lich. 16719, 19720, 19721},
Bryoria glabes Chiller IX Repim de La Annwcawia,

Nacioal Conguillio, Trame Contrabandists,

Laa Arsocarian, ke 1o Conguillio Lake, 383913575,
TI*FT0S27W, 1215 m, Amscana sscana forest, o8
the parth: side of an arascan tnk, 2014, . Villagns 7
(MAFLich 19722).

Hryoria arancana and the Northem Hemi-
sphere species B, michodes form divergent
independent clades which are well supported

Ale = Alectorialic acid, Afr = Atranorin, Bar = Barbatolic acid, Chlor = Chloratranorin, Fum = Fumarprotocetraric acid.

Bolx.\da e
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pecimens from three close localities

45 morphologically invariable B. fuscescens

go)
O
O
>
S O
% )
©
2l.. 5
c|g ¢
|l o =
~ (@]
.mq =
g2 2
a5l 20
of §230
— O =
h %nms
%mamo.m.
EnBBST
0))]
=
S
c
o
@)
1
T

[




nulTS Haplotype network showing the chemotypes

Specimen?2

Specimenl

Fumarprotocetraric
And psoromic acid
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Fluorescence microscopy as a tool for the visualization of lichen

substances within Bryoria thalli
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Chapter 4 Fluorescence micro

Fumarprotocetraric acid

Pseudocyphellae Pd+ red
X X

Chlorophyll

O

Fumarprotocetraric acid

Norstictic acid
A R A S
SR T SR
o il ‘\" WS .\-\\.
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N0 e,
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UV 450-490 nm



Chapter 4 Fluorescence microscopy

White light UV 450-490 nm

Atranczrine

Atranorine
Pseudocyphellae Chlorophyll

Usnic acid [T Salazinic acid

L ]

Parmelia sulcata UV 450-490 nm




Chapter 4 Fluorescence microscopy

Psoromic acid

crystallization
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crystallization

Apothecia of Pseudocyphellae of Bryoria
Bryoria capillaris bicolor (no extrolites)

Fluorescence microscopy is a/good tool
to locate and sometimes identify
extrolites inside the lichendthallus




Characterization of microsatellite loci in lichen-forming fungi of
Bryoria section Implexae
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Bryoria sect. Implexae

Spanish specimens

Swiss specimens

Finnish specimens

30 morphologically variable specimens

Obtaining the microsatellites and FRBI markers

454 Pyrosequencing
533.962 reads
(average length 812 bp)

(Scanning for microsatellites)

MSATCOMMANDER ‘

Bryoria sect.
Implexae specimens

PCR conditions
Invariable microsatellites

44 putative
microsatellites

Trebouxia

microsatellites

18 microsatellites

36 flanking
regions

« microsatellites

Unfavorable primers
Duplicates

58 putative

ﬁ
Algae and other

Tre bOUXia microsatellites CE
cultures | 4

5 flanking regions

Unfavorable primers
Invariable regions




Towards an integrative taxonomy of Bryoria sect. Implexae
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[~[ 8. swbcana L139 Fi

] B. fuscescens Clade 2
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B. kuemmerieana
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(8 sutcans 1189 1
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Velmala et al. 2014‘

Jvanpiana

implexa
vrangiana

Iscescons
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Main key characters:

Extrolites

Soralia
Pseudocyphellae
Thallus colour
Branching angles

Tabla 2 Sustancias quimicas diagndstico que junto con
caracteres adicionales permiten distinguir las especies de Bryoria
sect. Implexse. Los caracteres adicionales incluyen la coloracion
del talo, los angulos de ramificacion, las caracteristicas de los

soralios y pseudocifelas y la distribucion.

Especie

Sustancia diagnostico

Bryoriag-austremontana—
B. capillaris

B. friabilis

B. fuscescens

B. glabra

B. implexa

B. inactiva

B. kockiana

B. pikei

B. pseudofuscescens
Esalazinica

B. vrangiana

Acido fumarprotocetrarico
Acido barbattlico

Acido giroférico

Acido fumarprotocetrarico
Acido fumarprotocetrarico
Acido psorémico

Sin sustancias

Acido psorémico

Acido barbatélico

Acido norestictico

Acido salazinico

Acido fumarprotocetrarico




Clade 1

|1 North American
|| endemic species

Clade 2

[ 8 inplens chamotpm a125N0

Velmala et al. 2014

|| European and
globally distributed

species

142 specimens from:

Morphology (incl. lichenicolous)

Chemistry

DNA sequences
nulTS, IGS, GAPDH

FRBi15, FRBi16 (not showed)

Microsatellites

Tabla 2 Sustancias quimicas diagndstico que junto con
caracteres adicionales permiten distinguir las especies de Bryoria
sect. Implexse. Los caracteres adicionales incluyen la coloracion
del talo, los angulos de ramificacion, las caracteristicas de los
soralios y pseudocifelas y la distribucion.

Especie Sustancia diagnostico
Bryoriz-austrementana— Acido fumarprotocetrarico
B. capillaris Acido barbatélico

B. friabilis Acido giroférico

B. fuscescens Acido fumarprotocetrarico
B. glabra Acido fumarprotocetrarico
B. implexa Acido psorémico

B. inactiva Sin sustancias

B. kockiana Acido psorémico

B. pikei Acido barbatélico

B. pseudofuscescens
B. salazini

B. vrangiana

Acido norestictico
Acido salazinico

Acido fumarprotocetrarico




Phenetic analyses
Extrolites Extrolite

B B infé¥

Smmer eana, B. vrangian
B. kuemmerleana

©
% £ ——B. capillaris
< W a l—:. i
Ale, Bar |B plier
—B. friabilis
I_ Ale o % _ LB inactiva
Bar L=z B.implexa g s
Ale, Bar, Nor, Pso B. kockiana
Ale, Bar, Fum, Pso B. pseudofuscescens
Ale, Gyr B. capiflaris
Fum " gt [R3R
I‘Fum, Gyr 25 B. fuscescens
Fum, Pso B. vrangiana
Pso B. implexa
Nor, Pso B. vrangiana
i LNor o o —I:_- B. fuscescens
—Gyr = B. implexa
No subs. B kuemmerleana
B. implexa
Bryoria vrangiana
15 10  Height 0.5 0

The species concept in Bryoria sect. Implexae, established mainly using septentrional
specimens, break down when meridional specimens are studied.




B. capillaris LO1.17
S capillaris L14.02
capdlans L16.21

§%83 ML and Bayesian tree form the concatenated matrix (ITS, IGS
B, & GAPDH)
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Bryoria 147 300
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New Concept

ML and Bayesian tree form the concatenated matrix (ITS, IGS

& GAPDH)
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Chemistry

equences
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Method

‘

ITS

IGS

Concatenated

ABGD

PTP

GMYCs

GMYCm

2=G+ (Ko, NA, WD)
2= G+ (Ko, NA, WD)
4= G+ (Ko, NA, WDg) + WDr + WDr

4 =G+ (Ko, NA, WDg) + WDr + WDr

DISSECT

2= G + (Ko, NA, WD)
2= G + (Ko, NA, WD)
3= G + (Ko, WD) + NA

4 =G+ (Ko, WD) + NA1 + NA2

4=G+Ko+NA+WD

4=G+Ko+NA+WD

4=G+Ko+NA+WD

4=G+kKo+NA+WD

4=G+Ko+NA+WD
5=G+kKo+NA+WDr+WDg
6=0G+Ko+NA+pikd+WDr+WDg
5=G+Ko+NA+WDr +WDg

5=G+kKo+NA+pikb+WD

Bryoria fuscescens
(WD Clade)

B. pseudofuscescens
(NA Clade)

B. kockiana
(Ko Clade)

B. glabra
(G Clade)

DISSECT
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20 23 25

Bryoria fuscescen.

16 22 31

156 28 29 30
3237 5355

18 44 47
38 39 34

14 27 46
36 59

B. pseudofuscescens
(NA Clade)

B. kockiana
(Ko Clade)

B. glabra
(G Clade)

Haplotype network

gaps missing
95% connection limit
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Chapter 6

Proposed species concept

Bryoria fuscescens

Syn: B. capillaris, B. implexa, B. kuemmerleana,

B. vrangiana.

Bryoria pseudofuscescens

Syn: B. friabilis, B. inactiva, B. pikei.

Bryoria kockiana

Syn: B. sp.

Bryoria glabra

Cryptic

1 Mya of
divergence
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Phylogeography and evolution of Bryoria fuscescens
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‘Bryoria fuscescens s. str. Phenotype-fuscescens
- Usually pale ARE NS S W RO e A o @ - Usually dark
- With barbatolic acid |[fi8 & S8 = o &) e gaz ! || - Without barbatolic acid
- Soralia rare R < R e - Soralia frequent
- Angles usually acute || = ] g Udes .|| -Angles variable

Phenotype-capillaris

Cortical UV autofluorescence - ek & - \'{{;"’ S AR Cortical UV autofluorescence



Table 1. Amplified and analysed S5Rs. Left: Number of specimens with
successful amplification for each locus, and its respective number of alleles.
Right: Selected loci and specimens for the analyses after remove unexpected
alleles and specimens with missing data.

55Rs used for the analyses

Amplified S5Rs

Locus Specimens Alleles Specimens Alleles
Bi01 1384 22 Mot used Mot used
Bi02 1123 6 Mot used Mot used
Bi03 1391 g 1359 E
BiD4 1385 8 1359 T
Bi05 1359 14 1359 10
Bild6 1366 22 1358 21
Bi07 1368 G 1359 6
Bi03 1385 5 1359 g
Bi09 597 3 Mot used Mot used
Bi10 1393 L 1359 3
Bil1 1391 12 1359 10
Bi12 1399 22 1359 21
Bi13 1359 18 1359 18
Bil4 1391 4 1359 3
Bi15 1071 3 Mot used Mot used
Bi16 1360 6 1359 6
Bi13 1359 9 1358 9
Sediteimanean Bi19 1385 3 1359 6

o X 1.359 spe 4

1.400 specimens, 64 populations, 18 microsatellites _ 14 mic

NO g

35 specimens used for a phylogenetical reconstruction
(3 standard loci, and 5 new loci)




Table 56. Global Analvsis of Molecular Variance (AMOVA) using 14 lod, 1359
individuals, 64 populations and the 7 geographical regions from Fig. 1. Fae =
0.21381, Fer = 0.23187 and Fer = 0.02287, statistically significant with P =
0.035.

Source of variation df Sum of Variance % of
sqQuares components variation

Among regions G 211.80 0.029 2.30

Among populations within &7 114623 0.203 2089

regions

Within populations 1295 334672 24870 T6.81

Total 1358 520475 3.867

AMOVA

Table 55. Allelic richness (AR) and private allelic richness (PAR) detected in each type of
substrate. Standard deviations are showed in brackets.

Twigs Branches Trunks Rock
AR PAR AR PAR AR PAR AR PAR
m: 203 593 057 m30 357 007 n25% 607 0.63 n:37 279 0.00

{115y {021} {083y {0.07) {(1.15)  {0:29) (0,39} {0.00)
ARMm 0025 - AR 0119 - ARfm  0.024 - AR 0075 -

Allelic richness

Higher diversity within populations than among.
Similar diversity in trunks and twigs.




Region specimens AR PAR specimens AR PAR
Great Britain 32 2 642 0.000
£ (0.439)  (0.000) 588 7.500 1.357
6 | Scandinavia 556 7.428 1.357 (1.207)  (0.452)
- (1.170)  (0.452)
Alps 189 5.357 0.357
_ (1.014)  (0.199)
£ | Carpathians 179 5.428 0.000 641 7.071 0.857
S (0.976)  (0.000) (1.442)  (0.274)
o Iberia 273 5.571 0.285
(0.976)  (0.125)
Africa 65 4.571 0.428
£ (0.947)  (0.227) 130 5.571 0.500
§ Mediterranean 65 4214 0.071 (1.087)  (0.251)
(0.575)  (0.071)

Scandinavia: T1
Alps: T
Iberia: ¥
Carpathians: 4+ §
Great Britain: ¥

1 High diversity
§ Low diversity




LeSS ClOnal I Ity th an expected Table 2. Results of the analyses for each population, indicating the number of specimens (n), number of nen-clonal specimens, percentage of

polymorphic loci, unbiased haploid genetic diversity (uh), unbiased measure of linkage disequilibrium (rBarD, in bold = significant values with

a p-value of 0.001), rarefied allelic richness (AR), rarefied private allelic richness (PAR), number of loci with negative values in the K-test (in

bold = significant values with a p-value of 0.05), and putative population disturbances ( -: well-preserved more or less uniform forest).

- Saxicolous populations are

g e n etl Cal Iy pOO r. Population n Non-clonal Polymorphic uh mean rBarD AR PAR K-test Putative population
number specimens loci (%) (stand. disturbances
error)
. . Pops. 1-13 not showed A
- ApotheC|ated pOpU|a'[|0nS are 14 18 16 100 % 0.525 0.224 3214 0.003 (0.003) 7 -
(0.038) (0.350)
: o . 15 22 16 100 % 0.559 0.128 3.428 0.129 {0.088) a
not significantly more diverse. ©053) @571)
16 20 20 100 % 0573 0.126 3285 0.071 {0.071) 4 Some tourism,
a— (0.033) L] apothecia present
17 14 i1 71 % 0.255 0.221 2071 0.071 {0.071) 14 expansion Apothecia present
ET - (0.066) e
- H uman activities can increase 18 23 16 100 % 0.519 0475 3285  0.000(0.000) 5 Apothecia present
(0,046} (0.298)
2 o = 19 23 13 100 % 0.366 0.031 2642 0.000 {0000 10
genetlc leGfSlty. (0053) ===  (0289)
20 ] 1 0 % 0.000 MA 1.000 0.000 {0000 14 expansion Saxicolous
(0.000% (0.000) D
21 10 1 0 % 0.000 WA 1.000 0.000 {0000 14 expansion Saxicolous
5 . . (0.000} (0.000) aEEEE——
= 22 23 4 71 % 0.276 0.380 1.928 0.000 (0.000) 11 expansion Village close,
Recent colonization signals 2278 iexpansion,  Vilage close,
23 23 5 86 % 0.356 0.183 2.000 0.000 (0000 7 Near pastures
(0057} (0.148)
24 9 5 G4 % 0317 0.258 2.071 0.000 {0.000) 10 Artificial forest
. . 5 (0.079) {0.286)
- Putatlve Sexual reprOductlon In 25 23 14 71 % 0.375 0.096 2214 0.002 (0.002) 7
. . (0072} (0.317)
26 23 21 100 % 0.505 0.268 3.357 0.000 {0.000) T Some tourism,
non apotheciated populations. = 0598 m apbthecia present
27 23 21 93 % 0.451 0.023 3.071 0.000 (0.000) 3 Human activities and
-G (0.063) G (0.412) constructions
28 23 12 100 % 0.466 0.336 3.214 0.002 {0.002) G Tourism
o - (0.041) {0.350)
29 23 23 100 % 0.494 0.144 3.571 0.008 (0.008) 10 Human constructions,
L] (0.057) L apothecia present
30 22 20 86 % 0.337 0.034 2.857 0,008 (0.008) 12 expansion Apothecia present
— (0.072) L)
| 23 20 100 % 0.056 0.184 3.785 0.000 (0.000) 5 Apothecia present
[ ) (0.048) (0.812)
32 21 19 93 % 0.380 0.044 2 642 0.000 (0000 7 Apothecia present
— G an




Less clonallity than expected

Saxicolous populations are
genetically poor.

Apotheciated populations are
not significantly more diverse.

Human activities can increase
genetic diversity.

Recent colonization signals

Putative sexual reproduction in
non apotheciated populations.

Table 2. Results of the analyses for each population, indicating the number of specimens (n), number of nen-clonal specimens, percentage of

ibrium (rBarD, in bold = significant values with

er of loci with negative values in the K-test (in

reserved more or less uniform forest).

Populatio AR K-test Putative population
number disturbances
Pops. 1 A

14 3 (0.003) T
15 g2 (0.088) 3
16 1{0.071) 4 Some tourism,
apothecia present
17 1{0.071) 14 expansion Apothecia present
18 0 (0.000) A Apothecia present
19 0 {0000 10
20 y t 0 {(0.000) 14 expansion Saxicolous
: D
21 S (0. 000) 14 expansion Saxicolous
" D
22 0 {0.000) 11 expansion Village close,
——— apothecia present
23 0 {0.000) 7 Near pastures
24 0 {0,000 10 Artificial forest
25 2 (0.002) T
26 0 {00007 T Some tourism,
apothecia present
27 0 (0.000) g Human activities and
constructions
28 2 {0.002) 5] Tourism
29 2 (0.008) 10 Human constructions,
apothecia present
30 2 {0.008) 12 expansion Apothecia present
k| L 0 {0.000) A Apothecia present
32 ‘l _ ol - 0. 000 (0000 7 Apothecia present
— G an

Pops. 33-64 not showed




LeSS ClOnal I Ity th an expected Table 2. Results of the analyses for each population, indicating the number of specimens (n), number of nen-clonal specimens, percentage of

polymorphic loci, unbiased haploid genetic diversity (uh), unbiased measure of linkage disequilibrium (rBarD, in bold = significant values with

a p-value of 0.001), rarefied allelic richness (AR), rarefied private allelic richness (PAR), number of loci with negative values in the K-test (in

bold = significant values with a p-value of 0.05), and putative population disturbances ( -: well-preserved more or less uniform forest).

- Saxicolous populations are

g e n etl Cal Iy pOO r. Population n Non-clonal Polymorphic uh mean rBarD AR PAR K-test Putative population
number specimens loci (%) (stand. disturbances
error)
. . Pops. 1-13 not showed A
- ApotheC|ated pOpU|a'[|0nS are 14 18 16 100 % 0.525 0.224 3214 0.003 (0.003) 7 -
(0.038) (0.350)
: o . 15 22 16 100 % 0.559 0.128 3.428 0.129 {0.088) a
not significantly more diverse. ©053) @571)
16 20 20 100 % 0573 0.126 3285 0.071 {0.071) 4 Some tourism,
a— (0.033) L] apothecia present
17 14 i1 71 % 0.255 0.221 2071 0.071 {0.071) 14 expansion Apothecia present
ET - (0.066) e
- H uman activities can increase 18 23 16 100 % 0.519 0475 3285  0.000(0.000) 5 Apothecia present
(0,046} (0.298)
2 o = 19 23 13 100 % 0.366 0.031 2642 0.000 {0000 10
genetlc leGfSlty. (0053) ===  (0289)
20 ] 1 0 % 0.000 MA 1.000 0.000 {0000 14 expansion Saxicolous
(0.000% (0.000) D
21 10 1 0 % 0.000 WA 1.000 0.000 {0000 14 expansion Saxicolous
5 . . (0.000} (0.000) aEEEE——
= 22 23 4 71 % 0.276 0.380 1.928 0.000 (0.000) 11 expansion Village close,
Recent colonization signals 2278 iexpansion,  Vilage close,
23 23 5 86 % 0.356 0.183 2.000 0.000 (0000 7 Near pastures
(0057} (0.148)
24 9 5 G4 % 0317 0.258 2.071 0.000 {0.000) 10 Artificial forest
. . 5 (0.079) {0.286)
- Putatlve Sexual reprOductlon In 25 23 14 71 % 0.375 0.096 2214 0.002 (0.002) 7
. . (0072} (0.317)
26 23 21 100 % 0.505 0.268 3.357 0.000 {0.000) T Some tourism,
non apotheciated populations. = 0598 m apbthecia present
27 23 21 93 % 0.451 0.023 3.071 0.000 (0.000) 3 Human activities and
-G (0.063) G (0.412) constructions
28 23 12 100 % 0.466 0.336 3.214 0.002 {0.002) G Tourism
o - (0.041) {0.350)
29 23 23 100 % 0.494 0.144 3.571 0.008 (0.008) 10 Human constructions,
L] (0.057) L apothecia present
30 22 20 86 % 0.337 0.034 2.857 0,008 (0.008) 12 expansion Apothecia present
— (0.072) L)
| 23 20 100 % 0.056 0.184 3.785 0.000 (0.000) 5 Apothecia present
[ ) (0.048) (0.812)
32 21 19 93 % 0.380 0.044 2 642 0.000 (0000 7 Apothecia present
— G an
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STRUCTURE k2-k6

Best genepools:

DAPC k3

Soralia: Absent
Extrolites: Never fumarprotocetraric

Soralia: Absent
Extrolites: Barbatolic and alectorialic acids

DAPC k3

ia: Variable ites: Vari;

DAPC k4
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DAPC K3
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1. Fluorescence microscopy is confirmed as a useful tool to locate and so

the secondary metabolites stored in the lichen thalli.

2. In Bryoria fuscescens agg. the presence-absence and composition in extrol

variable in different thallus parts and sometimes associated with pseudocyphell

3. In Bryoria fuscescens s. |. specimens, there is no correlation between extrolite

composition, the genetic affinity and the morphospecies.

4. The populations of Bryoria fuscescens s. |. in the Mediterranean Region show a
combination of characters that does not fit with the established morphospecies conce

based on boreal specimens.

5. New microsatellite markers specific for Bryoria sect. Implexae has been obtai

perform phylogeographical studies at population level.



6. Integrative taxonomy allows to develop a species concept in Bryoria sec
do not reveal taxonomies with single approaches. Of the 14 morphospecies
four accomplish with the phylogenetic species concept, being Bryoria fuscesc

kockiana and B. pseudofuscescens cryptic and B. glabra distinguishable.

7. The species of Bryoria fuscescens agg. represent the most recent speciation

in lichens.

8. Bryoria fuscescens s. str. includes three main genepools in Europe and North Afri
of them widely distributed, whereas one is restricted to North Scandinavia. The geneti

of the latter are intermediate between Bryoria fuscescens and B. pseudofuscescen

9. The high dispersal capacities of Bryoria fuscescens s. str. detected here see

by an artefact of shared ancestral polymorphisms.



10. The Scandinavian Peninsula, followed by the Alps and the Iberian Peni
richest genetic diversity of Bryoria fuscescens s. str. in Europe. The genetic

populations do not correlate with the presence or absence of apothecia.

11. Bryoria fuscescens s. str. seems involved in an evolutionary process influen

genetic drift towards two phenotypic groups with high levels of incomplete lineag

12. The lichenicolous fungus Raesaenenia huuskonenii grows on Bryoria fuscesce

independently of the morphospecies, chemotype or genepool.

13. The Bryoria specimens collected in Chile belongs to an undescribed species here

proposed as Bryoria araucana.
14. Bryoria mariensis must be considered a synonym with Pseudephebe minu

15. Pseudephebe minuscula is a very variable species whose morphology

of P. pubescens, so both species must be considered cryptic.



1S

Muchas grac

jon pictures

Collect

BACy
Y

=
55
2=

=



F ¥  GOBIERNO  MINISTERIO
- 'Q DE ESPANA DE ECONOMIA
Y COMPETITIVIDAD







"

Eurotiomycetes eCan\&'o‘hﬁyceﬁég Lecanoromycetes



'

. Population sizes Predators Human interag
Sexual reproduction pr=— |

Gen_etic_& _ Species cons
| phenotypic diversity Basic knowlec

Dispersal capaC|t|es.\ Environment W

o e

~

-“ £ =




Bryoria mariensis 5077
B, mariensis 507
Pseudephebe pubescens 5074
P, pubescens 5073

P2 pubescens 43

£ aff. mimiscula 5072
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Fig. 51. Dated BEAST maximum clade credibility free estimated from three-loci concatenated data. Grey bars indicating the 95% highest
posterior density imterval for the estimated divergence times. Posterior probabilities of interesting nodes and its divergence time as the
mean posterior estimate of their age in Mya. Clades A, & and B indicated as in Fig. 1.




Chapter 1 Pseudephebe species

# : Pseudephebe
17100

B. mariensis Falkland 5075 A
B. mariensis Falkland 5077

P pubescens Chile 5074

P pubescens Chile 5073

P pubescens Sweden 4364

1/100 [ P pubescens Austria 4201
l.:"lU[JI: IB ryocaulon P, pubescens Romania 4668
P, minuscule Alaska 4339

1/- P minuscula Portugal 4590
—|, E P aff. mirmuscula Spain 5071
0.98/70 P aft. minuscula Spain 5072

Bryoria 0.98/- F— £ minuscila Sweden 4367
P pubescens Alaska 4338
—1/851 £ mimuscida Norway 5079
liflﬁiénmmda Norway ?080 )
i ] P minuscula Portugal 4670
Aﬂaﬂmp a?mehi _l_— P, puhescens Spain 4199
0.009 —‘ P mimuscula Sweden 4360 (RefSpec) B C
1/93 ———— P minuscula Nevada 4784 ’
< P pubescens Washington 4783 D

,87494 P pubescens Montana 4362
1 f9§ P pubescens Montana 4363
- P pubescens California 4781

1/100 P pubescens Oregon 4591
3 : P, pubescens Spam 3919

Ef)ft.r?.htes # L P pubescens Spain 4589

Norstictic: ™ L P pubescens Spain 4198

cf. Gyrophoric: - P, pubescens Spain 3709 E

None detected: [ ool P puhbescens Spain 4200

; . ] - P pubescens Spain 4196
Unidentified: | & 2 P pubescens Spain 4671
Intron

1/85 P pubescens Switzerland 4669
—— P pubescens Norway 5078
Present: m P pubescens Norway 5081
Absent: ] 1/84 P pubescens Norway 5082
Both: I 0.009 P pubescens Sweden 4365 (RefSpec) F
. —- P pubescens Spain 4197

1/99 Alectoria
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Fig. 1. Phylogenetic consensus free based on ITS, BEPE1 and MCM7YT markers analyzed as a
concatenated data matrix (Table1). Whaole tree in the upper left comner using Allarfoparmeslia as
outgroup, with the Pssudephebe clade shown in detail. Tree topology depicts the resulis of
Bayesian inference, showing significant posterior probabilities =0.95 and bootstrap values 270%
obtained in the maximum likelihood analysis. Intron presence and extrolite composition are
indicated on the lower left corner. RefSpec = seguenced reference specimen.



