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Abstract: Species of Usnea with black pigmentation in the cortex and dark apothecial discs are
informally referred to as neuropogonoid lichens. Here we studied the phylogenetic relationships of the
core group of neuropogonoid lichens using DNA sequence data of three loci: nuclear ITS and IGS
rDNA and RPB1. Maximum likelihood and Bayesian analyses revealed monophyly of 11 neuropogo-
noid species, with U. ciliata and U. subcapillaris forming a separate lineage. The backbone of the
phylogeny of the core group was not resolved with statistical confidence, but relationships of groups of
two to three species received strong support (U. acromelana +U. aurantiaco-atra; U. messutiae+U.
pallidocarpa; U. sphacelata+U. subantarctica+U. trachycarpa; U. lambii+U. perpusilla+U. ushuaiensis).
The new combination U. lambii (Imshaug) Wirtz & Lumbsch comb. nov. is made and U. messutiae
Wirtz & Lumbsch sp. nov. is described.
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Introduction

Neuropogonoid lichens include species of
the speciose genus Usnea that are morpho-
logically characterized by a yellow thallus
with a patchy or fasciated dark pigmented
cortex and generally darkly pigmented apo-
thecial discs. These lichens occur almost
exclusively on siliceous rocks and are most
common in polar regions (especially the
Southern Hemisphere) and high altitudes of
temperate and tropical regions. The group
was formerly often treated as a separate taxo-
nomic entity, at different levels. However,
molecular studies employing ITS sequence
data revealed that the group was polyphyletic
with a core group nested within Usnea sub-
gen. Usnea (Wirtz et al. 2006). Hence we use
the informal name ‘neuropogonoid’ for these
Usnea spp. that seem to have adapted to
harsh environmental conditions by produc-
ing melanoid substances in the thalline cor-
tex and apothecial discs. Subsequent studies
on these lichens have focused on species

circumscriptions using molecular data
(Seymour et al. 2007; Wirtz et al. 2008;
N. Wirtz, C. Printzen and H. T. Lumbsch,
unpublished data) and on clarifying the ex-
trolites present in the species (Elix et al.
2007). However, the phylogenetic relation-
ships among species within the core group of
neuropogonoid lichens, as circumscribed in
Wirtz et al. (2006), have not been studied.
Therefore, we assembled a complete data set
of three genes (including two nuclear riboso-
mal and one protein-coding loci) of 45
samples representing 14 species (Wirtz et al.
2008; N. Wirtz, C. Printzen and H. T.
Lumbsch, unpublished data) to address the
phylogenetic relationships among these taxa.

Material and Methods

Taxon sampling

Data matrices of 45 samples, including three
samples of U. acanthella that were used as an outgroup
following a recent molecular study (Wirtz et al. 2006),
were assembled using sequences of nuclear IGS, ITS
and nuclear, protein-coding RPB1 sequences. Speci-
mens and sequences used for the phylogenetic analyses
are listed in Table 1. The data set mainly includes
sequences used in studies previously addressing species
delimitation (Wirtz et al. 2006, 2008; N. Wirtz,
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C. Printzen and H. T. Lumbsch, unpublished data).
Genbank accession numbers of newly obtained
sequences are indicated in bold. Laboratory methods
to obtain these sequences have been described in the
above mentioned references.

Chemical analyses

The chemical constituents were identified using high
performance thin-layer chromatography with solvent
systems A and C (HPTLC) (Arup et al. 1993), and
gradient-elution high performance liquid chromatog-
raphy (HPLC) (Feige et al. 1993).

Sequence alignments and phylogenetic analysis

Alignments were made using Clustal W (Thompson
et al. 1994). Ambiguously aligned regions were removed
manually. The alignments were analyzed by maximum
likelihood (ML) and a Bayesian approach (B/MCMC).
Maximum likelihood analysis was performed using
the program GARLI (Zwickl 2006), employing the gen-
eral time reversible model of nucleotide substitution
(Rodriguez et al. 1990) including estimation of invariant
sites and assuming a discrete gamma distribution with
six rate categories. Bootstrapping (Felsenstein 1985)
was performed based on 2000 replicates. The B/MCMC
analysis was conducted using the program MrBayes
3.1.2 (Huelsenbeck & Ronquist 2001), using the same
substitution model as in the ML analysis. A run with
20 M generations starting with a random tree and em-
ploying four simultaneous chains was executed. Every
100th tree was saved into a file. The first 500 000
generations (i.e. the first 5000 trees) were deleted as the
‘burn in’ of the chain. We used AWTY (Nylander et al.
2007) to compare split frequencies in the different runs
and to plot cumulative split frequencies to ensure that
stationarity was reached. Of the remaining 390 000 trees
(1925 000 from each of the parallel runs), a majority
rule consensus tree with average branch lengths was
calculated using the sumt option of MrBayes. Posterior
probabilities were obtained for each clade. Only clades
that received bootstrap support equal or above 70%
under ML and posterior probabilities R 0·95 were con-
sidered as strongly supported. Phylogenetic trees were
visualized using Treeview (Page 1996).

Results and Discussion

A matrix of 1650 unambiguously aligned
nucleotide position characters was produced;
1403 characters in the alignment were
constant. ML analysis yielded a maximum
likelihood tree that did not contradict the
Bayesian tree topology. In the B/MCMC
analysis of the combined data set, the likeli-
hood parameters in the sample had the fol-
lowing mean (variance): LnL = −4584·318

(0·86), while the likelihood of the ML tree
was –4582·382.

Since the topologies of the ML and
B/MCMC analyses did not show any
strongly supported conflicts, only the tree of
the ML analysis is shown (Fig. 1). All species
in the circumscriptions based on recent
network-based studies (Wirtz et al. 2008)
form strongly supported monophyletic
groups, with the exception of U. trachycarpa,
which is paraphyletic with a monophyletic
U. subantarctica nested within it. The latter
is consistent with N. Wirtz, C. Printzen and
H. T. Lumbsch (unpublished data) who dis-
cussed that the distinction of these two
species requires additional studies. The two
species, Usnea ciliata and U. subcapillaris,
form a strongly supported lineage separate
from the remaining species of the neuro-
pogonoid core group. The remaining eleven
species form a strongly supported monophy-
letic group. The backbone of the topology
within this group lacks support. However,
relationships of groups of two to three
species each receive statistical support. Usnea
aurantiaco-atra (incl. U. antarctica) is sister to
U. acromelana with strong support, as shown
previously (Wirtz et al. 2006). Usnea pallido-
carpa and the new species U. messutiae, which
is formally described below, form a strongly
supported monophyletic group. The latter
was referred to previously as Usnea sp. 2 and
U. pallidocarpa as U. sp. 1 (Wirtz et al. 2008).
Usnea pallidocarpa was recently described
(Lumbsch et al. 2011). The bipolar Usnea
sphacelata is sister to U. subantarctica and
U. trachycarpa. Another bipolar species is
U. lambii, which has a strongly supported
sister-group relationship to U. perpusilla,
and these two taxa form a sister clade to U.
ushuaiensis. Usnea patagonica is the earliest
deviating lineage in the group, agreeing with
previous results (Wirtz et al. 2006) but in
both studies this phylogenetic placement
lacks support.

This study and previous analyses (Wirtz
et al. 2006, 2008; Seymour et al. 2007) show
that the diversity of neuropogonoid lichens
has been underestimated by a morphology-
based species concept and this is in agree-
ment with studies in other groups of
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T 1. Species and specimens used in the present study, with GenBank accession numbers of IGS, ITS and RPB1 sequences
used in this study. New sequences in bold.

Species name Sample code Voucher IGS ITS RPB1

Usnea acanthella 169–2 Ecuador, Carchi. 6 Mar 2003.
Z. Palice s.n. (F)

JF283533 DQ235483 JF283498

U. acanthella 289–1 Peru, Parque Nacional
Huascaran, N. Wirtz,
H. T. Lumbsch 19320c &
A. Ramirez (F)

JF283534 DQ235482 JF283499

U. acanthella 268–1 Peru, Cusco. A. Ramirez 1770
(USM)

JF283535 DQ235480 JF283500

U. acromelana 188–1 JF283518 DQ235516 JF283484
U. acromelana 184–3 JF283519 DQ235514 JF283485
U. acromelana 175–2 JF283520 DQ235515 JF283486
U. aurantiaco-atra 123–1 JF283515 JF283507 JF283481
U. aurantiaco-atra 147–1 JF283516 JF283508 JF283482
U. aurantiaco-atra 256–14 JF283517 DQ235519 JF283483
U. aurantiaco-atra

(sorediate)
138–6 JF283512 DQ235517 JF283478

U. aurantiaco-atra
(sorediate)

72 JF283513 DQ235523 JF283479

U. aurantiaco-atra
(sorediate)

236–1 JF283514 DQ235524 JF283480

U. ciliata 276–1 New Zealand, Otago.
A. Marky 49924 (OTA)

JF283539 DQ235475 JF283504

U. ciliata 287–1 New Zealand, Otago.
K. Spencer 58829 (OTA)

JF283540 DQ235476 JF283505

U. ciliata N5 New Zealand, Canterbury,
Printzen 9531 (FR)

JF283541 JF283511 JF283506

U. lambii 251–2 EF528390 EF492205 EF528469
U. lambii 167–1 EF528376 EF492191 EF528455
U. lambii 212–1 EF528362 EF492179 EF528442
U. messutiae 209–1 EF528393 EF492208 EF528472
U. messutiae 66 EF528372 EF492187 EF528451
U. messutiae 204–4 EF528359 EF492176 EF528439
U. pallidocarpa 193–2 EF528333 DQ235512 EF528413
U. pallidocarpa 193–5 EF528334 EF492154 EF528414
U. pallidocarpa 210–2 EF528338 EF492157 EF528418
U. patagonica 63 Ecuador, Chomborazo.

Z. Palice 2614 (F)
JF283530 DQ235487 JF283495

U. patagonica 266–2 Peru, Parque Nacional
Huascaran. N. Wirtz,
H. T. Lumbsch 19364i &
A. Ramirez (F)

JF283531 DQ235486 JF283496

U. patagonica 191–3 Argentina, Santa Cruz.
N. Wirtz PA-2 &
M. I. Messuti (F)

JF283532 DQ235485 JF283497

U. perpusilla 227–4 EF528348 DQ235491 EF528428
U. perpusilla 208–19 EF528327 DQ235490 EF528407
U. perpusilla 221–2 EF528343 EF492161 EF528423
U. sphacelata 243–2 JF283521 DQ235494 JF283487
U. sphacelata 117–1 JF283522 DQ235492 JF283488
U. sphacelata 225–1 JF283523 DQ235495 JF283489
U. subantarctica 205–1 JF283524 DQ235505 JF283490
U. subantarctica 265–1 JF283525 JF283509 JF283491
U. subantarctica 165–2 JF283526 DQ235508 JF283492
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lichenized fungi (Crespo & Pérez-Ortega
2009; Crespo & Lumbsch 2010). Our three-
gene data set did not allow us to resolve the
backbone of the phylogeny within the main
group of neuropogonoid lichens. This is
probably due to the low amount of variable
characters in our data set (c. 85% of the
characters in the alignment are constant).
Currently, a major challenge of DNA
sequence-based approaches to species de-
limitation and phylogeny of groups of closely
related species is the lack of fungal specific
primers for fast-evolving loci. Recently,
primers for two protein-coding genes have
been published (Schmitt et al. 2009) with
great potential to resolve phylogenetic rela-
tionships. It has been demonstrated that they
outperformed other commonly used loci at
higher phylogenetic levels (Aguileta et al.
2008), but there are no data at hand to de-
termine if these genes allow more robust
phylogenetic estimates for closely related
taxa.

Although phylogenetic analyses strongly
suggest that dark pigmentation of cortex
and/or apothecial discs has evolved several
times independently in the genus Usnea,
there has not been any study to test whether
this character state can be reversed, and there
is also no clear picture on how often the
pigmentation has evolved. These issues need
to be addressed using a much larger taxon
sampling, including more species groups of
non-neuropogonoid species of Usnea.

The results of our phylogenetic analyses
require two nomenclatural changes; the
combination of Neuropogon lambii into Usnea
(the reference to “Usnea lambii Imshaug” in
Elix et al. 2007 was erroneous) and the de-
scription of U. messutiae as a new species
(Fig. 2), both of which are proposed below.

Taxonomy

Usnea lambii (Imshaug) Wirtz &
Lumbsch comb. nov.

MycoBank no.: MB 561368
Basionym: Neuropogon lambii Imshaug, Rhodora 61: 154
(1954).

Usnea messutiae Wirtz & Lumbsch sp.
nov.

MycoBank no.: MB 561369
A Usnea pallidocarpa soralis punctiformis continentes et
apotheciis destitis differt.

Typus: Argentina, Santa Cruz, c. 30km N of El
Chalten, N of National Park ‘Los Glaciares’, Cerro
Creston, above Laguna del Desierto, below Glaciar
Huemul, c. 800 m alt, 9 December 2003, N. Wirtz &
M. I. Messuti PA-1 (F—holotypus).

(Figs 2 & 3)

Thallus approx. 3–4 cm tall, arising from a
proliferating, mostly unpigmented holdfast
with main branches tapered towards the
holdfast; erect, shrubby and richly branched
with terete branches and usually one stronger

T 1. Continued

Species name Sample code Voucher IGS ITS RPB1

U. subcapillaris 283–1 New Zealand, Otago.
D. J. Galloway 53636 (OTA)

JF283536 DQ235477 JF283501

U. subcapillaris 286–1 New Zealand, Otago. K. Spencer
58829 (OTA)

JF283537 DQ235478 JF283502

U. subcapillaris N13 New Zealand, Canterbury,
Printzen 9531 (FR)

JF283538 JF283510 JF283503

U. trachycarpa 182–3 JF283527 DQ235497 JF283493
U. trachycarpa 197–3 JF283528 DQ235498 JF283494
U. trachycarpa 173–1 JF283529 DQ235496 EF179793
U. ushuaiensis 179–1 EF528395 EF492210 EF528474
U. ushuaiensis 179–4 EF528397 EF492212 EF528476
U. ushuaiensis 258–1 EF528350 EF492167 EF528430
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U. aurantiaco-atra 138-6
U. aurantiaco-atra 72

U. aurantiaco-atra 123-1

U. aurantiaco-atra 236-1
U. aurantiaco-atra 147-1

U. aurantiaco-atra 256-14

U. acromelana 175-2
U. acromelana 184-3
U. acromelana 188-1

U. messutiae 209-1
U. messutiae 66

U. messutiae 204-4

U. pallidocarpa 193-5
U. pallidocarpa 193-2

U. pallidocarpa 210-2
U. subantarctica 205-1

U. subantarctica 165-2
U. subantarctica 265-1

U. trachycarpa 197-3

U. trachycarpa 182-3
U. trachycarpa 1731

U. sphacelata 243-2
U. sphacelata 117-1

U. lambii 167-1

U. perpusilla 227-4

U. lambii 212-1
U. lambii 251-2

U. perpusilla 221-2
U. perpusilla 208-19
U. ushuaiensis 258-1
U. ushuaiensis 179-4

U. ushuaiensis 179-1
U. patagonica 63

U. patagonica 266-2

U. subcapillaris 283-1

U. ciliata 276-1

U. sphacelata 225-1

U. subcapillaris 286-1
U. subcapillaris N13

U. ciliata 287-1
U. ciliata N5

U. acanthella 289-1

U. acanthella 268-1

U. patagonica 191-3

U. acanthella 169-2

0.1

F. 1. Phylogenetic relationships of the neuropogonoid core group in Usnea as inferred from a concatenated
alignment of nuclear ribosomal IGS and ITS DNA, and RPB1 sequences. This is the optimal tree under maximum
likelihood. Branches in bold received likelihood bootstrap support values above 70% and posterior probabilities

equal to or above 0·95.
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ramifying main branch, sometimes eventu-
ally bifurcating at the tip; thallus surface
yellow-green, foveolate, rarely smooth; main
branches unpigmented, side branches unpig-
mented or sparsely variegated with bands of
black pigment or entirely black towards the
tips. Cortex annulations common, sometimes
pigmented. Papillae rare; unpigmented and
black pigmented fibrils common. Medulla
dense. Axis thick, (35)–47–(60)% of branch
diam. Soralia punctiform, hemispherical,
convex, fusing, mostly on tips of side
branches and developing from fibril scars.

Isidiomorphs frequent, mainly blackish, some-
times growing into fibril-like structures,
developing within soralia.

Apothecia not seen.
Pycnidia not seen.

Chemistry. ±Hypostrepsilic acid chem-
osyndrome (Elix et al. 2007), ±unidentified
substance, and usnic acid.

Etymology. The epithet honours our friend
and colleague, the Argentinean lichenologist
Maria Ines Messuti (Bariloche).

Distribution and habitat. Known from a
few localities in the Andean Cordillera in
southern South America (Argentina) and
Ecuador. It is an alpine species found on
rocks at higher altitudes about 800 m in
southern South America in communities
with U. aurantiaco-atra, U. acromelana, U.
subantarctica, U. trachycarpa and U. sphace-
lata and at high altitudes of about 5000 m in
Ecuador in a community with U. sphacelata.

Usnea messutiae (referred to as U. sp. 2 in
Wirtz et al. 2008) is characterized by a mostly
unpigmented dense thallus with pigmented
tips, fibrils, soralia and isidiomorphs. Its
thallus surface is rough. Soredia are mostly
convex and frequently growing into isidio-
morphs and longer fibril-like structures. The
new species is similar to U. subantarctica, but
is distinguished by a more dense growth

A B

F. 2. Usnea messutiae, habit (holotype, F). A & B, thalli. Scales: A & B = 1 cm. In colour online.

F. 3 Usnea messutiae, soralia and isidiomorphs (holo-
type, F). Scale 0·5 cm. In colour online.
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form, almost no papillae, a dense medulla
and thick axis. It is also similar to U.
acromelana because of pigmented thallus an-
nulations, dark soralia and a thick axis, but
distinguished by a rough, ornamented thallus
surface with faveoles and an unpigmented,
proliferating holdfast.

Additional specimens examined. Argentina: Rio Negro:
Cerro Catedral, 1850 m alt., N. Wirtz & M .I. Messuti
PA-24 (F).—Ecuador: Chimborazo, volcano, alt.
4900 m, Z. Palice & Soldán 4291 (F); Chimborazo, alt.
4600 m, Z. Palice 2614 (F).
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DAAD scholarship to NW. We are grateful to Maria
Ines Messuti (Bariloche), who organized a field trip
through Patagonia to Tierra del Fuego, and to Christian
Printzen (Frankfurt) for collecting lichen samples in
New Zealand for this project.

R

Aguileta, G., Marthey, S., Chiapello, H., Lebrun, M.
H., Rodolphe, F., Fournier, E., Gendrault-
Jacquemard, A. & Giraud, T. (2008) Assessing the
performance of single-copy genes for recovering
robust phylogenies. Systematic Biology 57: 613–627.

Arup, U., Ekman, S., Lindblom, L. & Mattsson, J.-E.
(1993) High performance thin layer chromatog-
raphy (HPTLC), an improved technique for
screening lichen substances. Lichenologist 25:
61–71.

Crespo, A. & Lumbsch, H. T. (2010) Cryptic species in
lichen forming fungi. IMA Fungus 1: 167–170.

Crespo, A. & Pérez-Ortega, S. (2009) Cryptic species
and species pairs in lichens: a discussion on the
relationship between molecular phylogenies and
morphological characters. Anales del Jardín Botánico
de Madrid 66: 71–81.

Elix, J. A., Wirtz, N. & Lumbsch, H. T. (2007) Studies
on the chemistry of some Usnea species of the
Neuropogon group (Lecanorales, Ascomycota). Nova
Hedwigia 85: 491–501.

Feige, G. B., Lumbsch, H. T., Huneck, S. & Elix, J. A.
(1993) Identification of lichen products by a stand-
ardized high-performance liquid chromatographic
method. Journal of Chromatography A 646: 417–
427.

Felsenstein, J. (1985) Confidence-limits on phylogenies
– an approach using the bootstrap. Evolution 39:
783–791.

Huelsenbeck, J. P. & Ronquist, F. (2001) MRBAYES:
Bayesian inference of phylogenetic trees. Bioinfor-
matics 17: 754–755.

Lumbsch, H. T., Ahti, T., Altermann, S., Amo, G.,
Aptroot, A., Arup, U., Barcenas Peña, A.,
Bawingan, P. A., Benatti, M. N., Betancourt, L. et
al., (2011) One hundred new species of lichenized
fungi: a signature of undiscovered global diversity.
Phytotaxa 18: 1–127.

Nylander, J. A. A., Wilgenbusch, J. C., Warren, D. L. &
Swofford, D. L. (2007) AWTY (Are We There
Yet?): a system for graphical exploration of MCMC
convergence in Bayesian phylogenetics. Bioinfor-
matics 24: 581–583.

Page, R. D. M. (1996) Treeview: an application to
display phylogenetic trees on personal computers.
Computer Applied Biosciences 12: 357–358.

Rodriguez, F., Oliver, J. L., Marin, A. & Medina, J. R.
(1990) The general stochastic-model of nucleotide
substitution. Journal of Theoretical Biology 142: 485–
501.

Schmitt, I., Crespo, A., Divakar, P. K., Fankhauser, J.,
Herman-Sackett, E., Nelsen, M. P., Nelson, N. A.,
Rivas Plata, E., Shimp, A. D., Widhelm, T. &
Lumbsch, H. T. (2009) New primers for single-
copy protein-coding genes for fungal systematics.
Persoonia 23: 35–40.

Seymour, F. A., Crittenden, P. D., Wirtz, N., Ovstedal,
D. O., Dyer, P. S. & Lumbsch, H. T. (2007)
Phylogenetic and morphological analysis of Antarc-
tic lichen-forming Usnea species in the group Neu-
ropogon. Antarctic Science 19: 71–82.

Thompson, J. D., Higgins, D. G. & Gibson, T. J. (1994)
CLUSTAL-W – improving the sensitivity of pro-
gressive multiple sequence alignment through se-
quence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Research 22:
4673–4680.

Wirtz, N., Printzen, C., Sancho, L. G. & Lumbsch, H.
T. (2006) The phylogeny and classification of
Neuropogon and Usnea (Parmeliaceae, Ascomycota)
revisited. Taxon 55: 367–376.

Wirtz, N., Printzen, C. & Lumbsch, H. T. (2008) The
delimitation of Antarctic and bipolar species of
neuropogonoid Usnea (Ascomycota, Lecanorales): a
cohesion approach of species recognition for the
Usnea perpusilla complex. Mycological Research 112:
472–484.

Zwickl, D. J. (2006) Genetic algorithm approaches for the
phylogenetic analysis of large biological sequence data-
sets under the maximum likelihood criterion. Ph. D.
Thesis, University of Texas at Austin.

Accepted for publication 08 May 2011

2011 Phylogeny of neuropogonoid lichens—Lumbsch & Wirtz 559

https://doi.org/10.1017/S0024282911000417 Published online by Cambridge University Press

https://doi.org/10.1017/S0024282911000417



