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RESUMO
Sistemática de Mutisieae (Compositae, Mutisioideae) com ênfase em Trichocline
A tribo Mutisieae, juntamente com as tribos Onoserideae e Nassauvieae compõem a
subfamília Mutisioideae. É uma das mais diversas tribos em número de gêneros (14) e
espécies (200) e apresenta a mais ampla distribuição geográfica em comparação com as
outras duas tribos de Mutisioideae. A maior parte dos gêneros é encontrada na América do
Sul, com grande diversidade de espécies nos Andes e Região Sul do Brasil. Alguns gêneros
atingem maiores latitudes, onde podem ser encontrados na América do Norte e Ásia, além
disso ocorrem em regiões de grandes altitudes no leste e sul da África ou em áreas de clima
mediterrâneo na Austrália, onde apenas um gênero é encontrado. Trichocline é o quarto
maior gênero da tribo Mutisieae, com 23 espécies distribuídas principalmente nos Andes e
Região Sul do Brasil. As espécies caracterizam-se pela presença de corolas bilabiadas,
flores marginais conspícuas com lábios abaxiais expandidos, presença de estaminódios e
cipsela truncada coberta de tricomas gêmeos claviformes. Trichocline faz parte do
Complexo-Gerbera, um grupo morfologicamente homogêneo, representado por oito
gêneros: Amblysperma, Chaptalia, Gerbera, Leibnitzia, Lulia, Perdicium, Piloselloides e
Uechtritzia. A relação sistemática entre os gêneros do Complexo-Gerbera, especialmente
Gerbera, Chaptalia, Trichocline e Leibnitzia é pouco compreendida, principalmente pelo
fato de que poucos caracteres delimitam os gêneros, além disso eles são variáveis e se
sobrepõem entre espécies de gêneros diferentes. Os objetivos deste trabalho foram inferir a
filogenia do gênero Trichocline e compreender a evolução e relações sistemáticas dos
gêneros do Complexo-Gerbera. De modo a avaliar o monofiletismo do gênero Trichocline,
foram sequenciados seis marcadores plastidias (trnL-trnF, trnQ-rps16, trnL-rpl32, psbAtrnH, matK e ndhF) e dois marcadores nucleares (ITS e ETS). A maioria das espécies de
Trichocline (exceto Trichocline deserticola), Lulia nervosa e três espécies de
Brachyclados foram usadas como grupo interno, e uma espécie de Chaptalia foi usada
como grupo externo. Para a outra análise foram amostrados os gêneros do ComplexoGerbera, exceto Perdicium, e nove espécies da tribo Nassauvieae como grupo interno, e
quatro espécies da tribo Onoserideae como grupo externo. Foram sequenciados os
marcadores ITS, trnL-trnF e trnL-rpl32 de cinco amostras de Trichocline, duas de
Amblysperma, duas de Chaptalia e três de Mutisia. As sequencias restantes foram obtidas
do GenBank. Os resultados mostram que Trichocline é monofilético, provavelmente
17

originou-se nos Andes e diversificou-se recentemente no Planalto Sul-Brasileiro.
Brachyclados é o grupo-irmão de Trichocline e o gênero monospecífico Lulia compartilha
um ancestral comum mais próximo com Brachyclados + Trichocline. A presente filogenia
indica que os caracteres utilizados para circunscrição do Complexo-Gerbera não o
tornavam monofilético. Conforme a atual delimitação morfológica (hábito herbáceo),
Brachyclados não é incluído no Complexo, entretanto, os dados moleculares mostram o
contrário. Além disso, Amblysperma, um gênero endêmico da Austrália, o qual uma vez
estava incluído em Trichocline, mostrou-se irmão das espécies africanas de Gerbera.
Como resultado a classificação do Complexo-Gerbera necessita revisão. Para melhor
compreender a biogeografia e evolução de caracteres das espécies asiáticas do ComplexoGerbera, futuros estudos devem aumentar a amostragem, especialmente do gênero
Gerbera. Juntamente com os principais resultados da filogenia do Complexo-Gerbera e
Trichocline, foram realizados trabalhos a campo e revisões de herbários, as quais
resultaram nos trabalhos taxonômicos e nomenclaturais apresentados nesta tese. A nova
espécie, Trichocline minuana, endêmica dos campos do Pampa no sul do Brasil e Uruguai,
é descrita e ilustrada, e seu estado de conservação avaliado. Além disso, durante uma saída
a campo no norte do Uruguai, Trichocline maxima foi redescoberta em uma nova
localidade, a qual não havia sido coletada há quase 80 anos. A espécie é ilustrada, seu
estado de conservação avaliado, e uma chave de identificação para as espécies Uruguaias e
Brasileiras de Trichocline é apresentada. Finalmente, um neótipo é indicado para o nome
Bichenia aurea e lectótipos são designados para os nomes Onoseris heterophylla e
Trichocline linearifolia.
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ABSTRACT
Systematics of Mutisieae (Compositae, Mutisioideae) with emphasis on Trichocline
The tribe Mutisieae, together with Onoserideae and Nassauvieae, is currently
circumscribed under the subfamily Mutisioideae. It is one of most diverse in number of
genera (14) and species (200) and presents the widest geographical distribution, in
comparison with the other tribes of Mutisioideae. Most of the genera are found in South
America, with a greater diversity of species in the Andes and South of Brazil. Some genera
have reached higher latitudes of the northern hemispheres, where they can be found in
North America and Asia, besides that, they occur in higher altitudes of eastern and
southern Africa, and in the mediterrenean climate of Australia, where only one genus
occur. Trichocline is the fourth largest genus of the tribe Mutisieae, comprising about 23
species, distributed mainly in the Andes and southern Brazil. The species are characterized
by bilabiate corollas, conspicuous marginal florets with expanded abaxial lip, presence of
staminodes, and truncated cypselae covered with claviform twin hairs. The genus belongs
to the tribe Mutisieae, placed in the Gerbera-Complex, a morphologically homogeneous
group represented by eight genera of herbs with monocephalic scapes: Amblysperma,
Chaptalia, Gerbera, Leibnitzia, Lulia, Perdicium, Piloselloides and Uechtritzia. The
systematic relationships among the genera of the Gerbera-Complex, especially Gerbera,
Chaptalia, Trichocline and Leibnitzia are poorly understood mainly because there are few
characters that delimit the genera, and besides that they are variable and overlap among
species of different genera. The goals of this study were to determine a phylogeny of
Trichocline and to understand the evolution and systematic boundaries of the genera of the
Gerbera-Complex. To assess the monophyly of the genus Trichocline, both plastid (trnLtrnF, trnL-rpl32, psbA-trnH, matK and ndhF) and nuclear (ITS and ETS) markers were
sequenced. Most of the species of Trichocline (except Trichocline deserticola), Lulia
nervosa and three species of Brachyclados were sampled as part of the ingroup and one
species of Chaptalia was used as outgroup. For the other analysis we used all the genera of
the Gerbera-Complex, except Perdicium, and nine species of the tribe Nassauvieae as the
ingroup, and four species of the tribe Onoseridae as outgroup. We sequenced ITS, trnLtrnF and trnL-rpl32 of five samples of Trichocline, two of Amblysperma, two of Chaptalia
and three of Mutisia. The other sequences were obtained from GenBank. The results show
that Trichocline is a monophyletic genus that probably originated in the northern Andes
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and had a recent rapid radiation on the southern Brazilian Plateau. Brachyclados is the
sister group of Trichocline and the monospecific and endemic Lulia the closest lineage of
Brachyclados + Trichocline. The phylogeny of the Gerbera-Complex indicates that the
morphological characters used to circumscribe the Complex were non-homologous and as
a result it was non-monophyletic. For example, based on morphology (herbaceous habit)
Brachyclados is not included in the Complex, however, the molecular data shows the
opposite. In addition, Amblysperma, a genus that is endemic to Australia and was once
included under Trichocline, is shown to be sister to the African species of Gerbera. As a
result the classification of the Complex needs revision. In order to better understand the
biogeography and evolution of characters of the Asian species of the Gerbera-Complex,
further studies will focus on increasing the dataset, with special attention to the genus
Gerbera. Alongside with the main results regarding the Gerbera-Complex and Trichocline
phylogenetic analysis, fieldworks and herbarium investigation were conducted, resulting in
the taxonomic and nomenclatural works presented here. The new species Trichocline
minuana, endemic to the Pampas grasslans of South Brazil and Uruguay, is described and
illustrated, and its conservation status assessed. Also, during a fieldwork in northern
Uruguay the rare species Trichocline maxima, which has not been collected for over 80
years, was rediscovered. The species is also illustrated, its conservation status assessed,
and a key to the Uruguaian and Brazilian species of Trichocline is presented. Finally a
neotype is indicated for the name Bichenia aurea and lectotypes are designated for the
names Onoseris heterophylla, T. humilis and T. linearifolia.
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INTRODUCTION
1. Background
Compositae is one of the main families of the Angiosperms, presenting the highest
number of described species. Recent estimates have shown a total of 24.000 species in
1600 to 1700 genera, distributed worldwide, except for Antartica (Funk et al. 2009).
Phylogenetic relationships within the family are becoming clearer, due to the advent of
molecular phylogenetics (e.g. Jansen et al. 1991; Karis et al. 1992; Karis 1993; Kim &
Jansen 1995; Kim et al. 2002; Kim et al. 2005; Panero & Funk 2008). These works show a
well-supported dicotomy betwen two monophyletic group, the subfamily Barnadesioideae
and the remaining Asteraceae. Currently, 13 subfamilies and 43 tribes are recognized
(Funk et al. 2009; Panero et al. 2014).
The subfamily Mutisioideae stands out as an important group of early divergent
Asteraceae, mainly because of its great diversity in terms of species and morphology.
Mutisioideae has a long taxonomic history and recent studies showed that many groups of
taxa recognized as part of Mutisieae s.l. needed to be segregated into seven other
subfamilies:

Barnadesioideae,

Carduoideae,

Gochnatioideae,

Hecastocleidoideae,

Pertyoideae, Stifftioideae and Wunderlichioideae (Bremer & Jansen 1992; Panero & Funk
2007, 2008). The subfamily Mutisioideae s.s., although reduced in size, still contains the
majority of the species originally assigned to the Mutisieae by Cabrera (1977). Currently
the Mutisioideae s.s. is divided into three tribes, Mutisieae, Nassauvieae and Onoserideae,
and includes 630 species in 44 genera (Katinas & al. 2009).
The classification of Mutisieae has significantly changed over the years and Cabrera
(1977) conducted the most important taxonomic treatment of the tribe. The author defined
the tribe by its bilabiate corolla, caudate anthers, and short, rounded style branches.
Although the tribe was divided into four subtribes (Nassauvinae, Mutisiinae,
Barnadesiinae, Gochnatiinae), Cabrera (1977) emphasized that the circumscription of
many genera needed further revision. Moreover, Hansen (1991) showed that the tribe was
monophyletic by conducting the first phylogenetic analysis, which was based on cell
characters. However, the morphological study presented by Karis et al. (1992) showed that
the tribe was paraphyletic because the relationship between Gochnatiinae and Mutisiinae
was not sustained. Recently, Panero & Funk (2008) and Funk et al. (2009) have indicated
that Mutisieae is monophyletic, nested within Mutisioideae, being sister of the tribe
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Nassauvieae, and these two tribes form the sister clade of Onoserideae. Currently,
Mutisieae presents 14 genera and 200 species, distributed mainly in South America, with
representatives in Central and North America, Asia, Africa, and Australia (Katinas et al.
2008).
Trichocline Cass. is an exclusively South American genus, with 23 species distributed
in two well-defined areas, the Andes and Southeastern South America (South Brazil,
Northeastern Argentina and Uruguay). The genus is represented by acaulescent or
caulescent herbs, colorful ray florets with staminodes, and truncate cypselae with
claviform 2-4-celled trichomes. Zardini (1975) wrote the taxonomic treatment of
Trichocline, in which she classified the genus into three sections, Amblysperma,
Nervifolium and Trichocline. The first section consisted in the Australian Trichocline
spathulata (A. Cunn. ex DC.) J.H.Willis (= Amblysperma scapigera) and Trichocline
aurea (D. Don) Reiche, circumscribed because of the smooth anther filaments. Later on,
morphological studies would show that Trichocline spathulata should be segregated from
Trichocline in a separate genus, Amblysperma Benth. (Hansen 1990). The section
Nervifolium was monospecific and contained Trichocline nervosa Less., which would later
be separated from Trichocline and described as Lulia nervosa (Less.) Zardini. Regarding
the evolution and biogeography of Trichocline, Zardini (1975) has stated that the South
Brazilian species are early divergent and the Andes constitutes an area of recent
colonization and diversification of the genus.
Trichocline is the forth largest genus inside the Gerbera-Complex (GC), which is
represented by other seven genera: Brachyclados D. Don., Chaptalia Vent., Gerbera L.,
Leibnitzia Cass., Lulia Zardini, Perdicium L., Uechtrizia Freyn. The genera of the
Gerbera-Complex are herbs and shrubs that present monocephalous scapes and radiate
heads. The species have a wide distribution and are found in South, Central, and North
America, East Asia, Africa, and Australia. However, the highest diversity is observed in
South America and to a lesser extent in Africa (Hansen 1990; Katinas et al. 2008). Some
genera of the GC occur in high latitude temperate regions or in high elevation areas (e.g.
Chaptalia, Gerbera, Leibnitzia), and show a disjunct distribution.
In the present work we use phylogenetic analysis based on molecular markers to show
if Trichocline is monophyletic and to test Zardini’s (1975, 1980) taxonomic decisions and
evolutionary hypothesis. Moreover, because the systematic history of the genera within the
Gerbera-Complex is controversial, mainly because of the difficulties in demonstrating
diagnostic characters for each genus, we aimed to clarify the systematic relationship
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among its genera, through a phylogenetic analysis based on molecular markers. Finally, the
present work aimed to provide insights on the evolution of the tribe Mutisieae.
2. Aims

•

Infer a phylogeny of the Gerbera-Complex, based on molecular markers, in order to
contribute to the understanding of the relationship among its genera.

•

Test the monophyly of the Gerbera-Complex and Trichocline, and elucidate the
phylogenetic relationship among the genera and species;

•

Propose biogeographic scenarios of which the genera of the Gerbera-Complex have spread
throughout North America, Asia, Africa and Australia;

•

Interpret through the phylogeny and molecular calibration the biogeographical processes
that led Trichocline to its current distribution;

•

Solve nomenclatural issues inside Trichocline, and proceed to describe a new species;

•

Provide conservational information on the genus Trichocline to foment future projects on
population ecology and genetics.
3. Framework of the thesis
The thesis is composed by a general introduction, five chapters in the form of manuscripts
that are already published and others that will be submitted, and a general conclusion. The
chapters contents are as follows:

•

Chapter 1. This chapter presents the results of a molecular phylogenetic analysis
regarding the Gerbera-Complex and Trichocline (Mutisieae), and is assembled in three
manuscripts. The first one presents a molecular phylogenetic analysis of the GerberaComplex, demonstrating its biogeographic history and node ages. This manuscript was
published in the Journal Taxon.. The second part of the first chapter is a phylogenetic
analysis of the genus Trichocline, based on molecular markers. The works show the
phylogenetic relationship among the species, indicates the area of origin and the ages of
diversification of the genus in South America, and presents the reconstruction of ancestral
characters within the genus. This manuscript was written in the format required by
Systematic Botany, in which will be submitted.
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•

Chapter 2. This chapter is composed of three parts regarding taxonomic and
nomenclatural studies on the genus Trichocline. The first part presents a nomenclature
study conducted through herbarium material analysis and revision of protologues, and
indicates a neotype and two lectotypes. The second part reports the rediscovery of a rare
species, T. maxima, which is endemic to the Southern Brazilian and Uruguayan Pampas
grasslands. This second part provides updated taxonomic information, conservation status
assessment and illustration of this species. The third and final part is the decription of a
novel species, T. minuana, discovered during a fieldwork in Southern Rio Grande do Sul
state, Brazil. The species is described, illustrated and its conservational status assessed.
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Abstract

The inter-generic relationships within the subfamily Mutisioideae

(Asteraceae/Compositae) are historically uncertain. Most of the genera that once were
recognized within the Mutisioideae s.l. are now segregated into a number of different tribes
and subfamilies. In particular, the generic delimitations of the Gerbera-Complex, an
informal group inside the tribe Mutisieae s.s., have been widely discussed. The species are
generally herbs with monocephalous scapes and are grouped in eight genera:
Amblysperma, Chaptalia, Gerbera, Leibnitzia, Lulia, Trichocline, Perdicium and
Uechtritzia. The characters that delimit the inter-generic boundaries are still under
discussion and the complex has never been the subject of a species level molecular
investigation to test the monophyly of the genera. This study presents a molecular
phylogeny of the Gerbera-Complex based on both nuclear (ITS) and plastid (trnL-trnF,
trnL-rpl32) markers, and provides the relative ages of this group and a reconstructed
biogeographic history. The phylogenetic analysis showed two clades inside the GerberaComplex. Clade A contains only South American endemic genera, in which Lulia is sister
to Brachyclados + Trichocline. Clade B mainly contains groups of taxa that colonized
other continents including areas in the northern temperate latitudes. Clade B is further
divided into two clades where Gerbera is shown to be non-monophyletic because the
African Gerbera clade is sister to Amblysperma and the Asian Gerbera clade includes
Uechtritzia. The biogeographic and molecular dating show a South American origin for the
early divergent nodes of the subfamily with a node age of 47.52–49.67 Ma in the Eocene.
The Gerbera-Complex is likely to have originated in the Andes in the late Oligocene
(mean node age of around 25.74 Ma) followed by long-distance dispersal events to North
America and Asia, and separate dispersal events to Africa and Australia. This is the first
phylogenetic analysis to show the systematic positions of Amblysperma, Lulia and
Uechtritzia.
Keywords

ancestral area; early divergent Compositae; Oligocene; Mutisioideae.
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INTRODUCTION
The phylogenetic relationships within the early divergent lineages of the Compositae,
especially the tribe Mutisieae s.l., have been the subject of various recent studies (Bremer
& Jansen 1992; Kim & al. 2002; Funk & al. 2005; Panero & Funk 2002, 2007, 2008; Ortiz
& al. 2009). These studies showed that many groups of taxa recognized as part of
Mutisieae s.l. needed to be segregated into seven other subfamilies: Barnadesioideae,
Carduoideae,

Gochnatioideae,

Hecastocleidoideae,

Pertyoideae,

Stifftioideae

and

Wunderlichioideae (Bremer & Jansen 1992; Panero & Funk 2007, 2008). The subfamily
Mutisioideae s.s., although reduced in size, still contains the majority of the species
originally assigned to the Mutisieae by Cabrera (1977). Currently the Mutisioideae s.s. is
divided into three tribes, Mutisieae, Nassauvieae and Onoserideae, and includes 630
species in 44 genera (Katinas & al. 2009 b).
Mutisieae s.s. contains ca. 200 species in 14 genera (Katinas & al. 2009 b). The
species display a wide variety of morphological characters and some genera have a
disjunct geographical distribution. While most of the species are exclusively South
American – concentrated along the Andes and across the Brazilian Plateau – several genera
have ventured out of this continent: Adenocaulon Hook. (South, Central and North
America and Asia), Amblysperma Benth. (Australia), Chaptalia Vent. (South, Central and
North America), Gerbera L. (Africa and Asia), Leibnitzia Cass. (North and Central
America and Asia), Perdicium L. (South Africa) and Uechtritzia Freyn (Asia). The
complexity of the tribe’s biogeography – with a few endemic and monospecific genera –
combined with a great deal of morphological diversity, has made it difficult to understand
the circumscription of the genera.
Even though morphological boundaries for the tribe are unclear, some characters are
shared by most of the genera, for instance, the presence of colorful (red, yellow, orange,
white or purple) bilabiate and ligulate-bilabiate ray corollas, bilabiate to tubular-bilabiate
disc corollas, anthers with a rounded appendage and caudate base, a bifid style with a
rounded apex, and cypselae that are covered with rounded papillae.
Within the Mutisieae s.s., the Gerbera-Complex (GC), an informal group of
monocephalous herbs with ca. 100 species (Katinas 2004 a), stands out as particularly
difficult because its wide range of morphological variation has made determining the
boundaries of the genera controversial. In fact, there are only a few traits that characterize
each genus (Table 1), and sometimes they have a great deal of infrageneric variability; e.g.
32

Gerbera, Chaptalia, Trichocline Cass., and Leibnitzia (Katinas 1998, 2004 a,b; Nesom
2004 a, b).

The GC consists of eight genera of herbs with monocephalous scapes:

Amblysperma, Chaptalia, Gerbera, Leibnitzia, Lulia Zardini, Perdicium, Trichocline and
Uechtritzia. The species have a global distribution and are found in South, Central, and
North America, east Asia, Africa, and Australia. However, the highest generic and specific
diversity is observed in South America and to a lesser extent in Africa (Hansen 1990;
Katinas & al. 2008). Some genera of the GC occur in high latitude temperate regions or in
high elevation areas (e.g. Chaptalia, Gerbera, Leibnitzia), and show a disjunct distribution.
In other studies, such as those on geographic isolation, specifically between east Asia and
east North America, such distributions have been explained by the broad range of the
Boreotropical flora, which suffered degradation over time due to climate change, leading
to isolation of the lineages (Davis & al. 2002, Erkens & al. 2009, Baird & al. 2010).
Hansen (1990) published one of the most comprehensive morphological studies of the
GC: he performed a cladistics analysis and discussed the monophyly of the group,
indicating the main characters that are unique to some genera and species. Enigmatic taxa,
such as Amblysperma scapigera Benth. – then named Trichocline spathulata (A.Cunn. ex
DC.) J.H.Willis) – Lulia nervosa (Less) Zardini, and the Asian Gerbera section Isanthus
(Less.) Jeffr., were included in that study. Despite the importance of his results, the
relationships of some genera still remained unresolved due to homoplasy in the characters
that were used. Molecular phylogenies focusing on the tribe Mutisieae, such as Kim et al.
(2002), did not assess the monophyly of the genera or the phylogenetic relationship of the
enigmatic taxa named above. Baird & al. (2010) explored part of the GC and showed that
Chaptalia, Leibnitzia and Gerbera form a well-supported monophyletic group and
suggested that more species should be included in future studies in order to understand the
generic delimitations in the GC.
Based on the above information, we aimed to (1) assess the monophyly of the GC; (2)
provide a better understanding of the phylogenetic relationship among the genera of the
GC; and (3) understand when and how the genera of the GC spread throughout Asia,
Africa and Australia. Because GC contains most of the species in the Mutisieae s.s.,
unraveling its systematic relationships and biogeography will provide critical insights into
the diversification of the largest early lineage of the Compositae.
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MATERIALS AND METHODS
Taxon and molecular samplings
A total of 65 accessions representing 20 genera of the subfamily Mutisioideae were
included in the analysis. Recent phylogenetic studies in the Compositae have shown that
the ITS (nrDNA), trnL-trnF and rpl32-trnL (cpDNA) regions often provide good
resolution at the generic level (Funk & Chan 2008; Baird & al. 2010; Funk & al. 2012;
Ortiz & al. 2013; Funk & al. 2014). Also, according to Baldwin & al. (1995), ITS is useful
because it is easily amplified from herbarium material and often useful at the species level.
Genbank searches retrieved 37 sequences from the tribe Mutisieae, nine from the
Nassauvieae and four from the Onoseridae comprising the markers ITS, trnL-F and trnLrpl32. We used the tribe Onoseridae as outgroup based on the findings by Panero & Funk
(2008). The downloaded sequences from Genbank were from previous studies by Katinas
& al. (2008), Panero & Funk (2008), Simpson & al. (2009), Baird & al. (2010) and Funk &
al. (2014). Seven DNA samples – two of Amblysperma scapigera and Gerbera gossypina
(Royle) Beauverd and one of Leibnitzia anandria (L.) Turcz., Lulia nervosa and
Uechtritzia kokanica (Regel & Schmalh.) Pobed. – were successfully extracted from
herbarium material. One sample of Lulia, four of Trichocline, three of Mutisia L.f., one of
Chaptalia and one of Pachylaena D. Don & Arn. ex Hook. were collected in the field and
the DNA material was extracted from the leaves that were stored in silica gel. We sampled
seven of the eight genera currently included in the GC, and only Perdicium was not
included. We attempted to extract DNA from herbarium material of both species of this
genus but were not successful. The voucher information and GenBank accession numbers
are cited in the Appendix 1.
DNA extraction, amplification and sequencing
The molecular work was performed in the Laboratory of Analytical Biology (LAB) at
the Museum Support Center (MSC) of the Smithsonian Institution, National Museum of
Natural History (NMNH), Washington, DC. For tissue disruption we placed 30 mg of
dried leaf tissue in a centrifuge tube with a 5 mm diam. bead, using a Fast Prep FP120
(Thermo Fisher Scientific, Waltham, Massachusetts, U.S.A.), set at 2 m/s for 60 s. The
DNA was isolated using the DNeasy Plant Mini Kit (Qiagen Inc., Valencia, California,
USA) following the manufacturer's protocol. For the herbarium samples we used a
modified protocol with an extended incubation period of 40 min at 45°C and adding 30 µl
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of 20 mg/ml proteinase K. The primers used were from Downie & Katz-Downie (1996)
and White & al. (1990) for ITS; Taberlet & al. (1991) for trnL-trnF and Timme & al.
(2007) for trnL-rpl32 (primers are summarized in table 1). The polymerase chain reaction
(PCR) mix consisted of 2.5 µl of 10 x PCR buffer of Green GoTaq buffer from Promega
(Madison, Wisconsin, U.S.A.), 2 µl of 10 mM dNTPs (Bioline, Taunton, Massachusetts,
U.S.A.), 1.25 µl of 50 mM MgCl2, 0.5 µl of 10 mg/ml Bovine Serum Albumin (Sigma, St.
Louis, Missouri, U.S.A.), 1 µl of a 10 µM concentration for both forward and reverse
primers, 0.2 µ l of Taq DNA polymerase (5 units/µl of GoTaq from Promega), 2.5 µ l of
template DNA, and water 14.05 µl of sterile reaching a total volume of 25 µl. The PCR
reactions were performed in a Veriti PCR Thermal Cycler (Life Technologies, Applied
Biosystems). The amplification protocols for all markers are summarized in Table 1.
Phylogenetic analysis
The sequences were edited and assembled using Sequencher v.3.0 (Gene Codes, Ann
Arbor, Michigan, U.S.A.) and aligned first with MUSCLE implemented in Geneious 8.0.5
and later corrected manually. The nuclear (ITS) and the plastid (trnL-trnF + trnL-rpl32)
datasets were analyzed both separately and together using Parsimony, Maximum
Likelihood (ML) and Bayesian Inference (BI). The topologies of the datasets were
compared to detect any incongruence among them and no significant incongruence was
observed. For the Parsimony analysis we used PAUP* v.4.0b10 (Swofford, 2011), setting
the heuristic search to 1000 stepwise random addition sequences replicates, with 10
random additions and one tree held for each step. We used the Tree Bisection
Reconnection (TBR) branch-swapping algorithm with MULTREES in effect and gaps
treated as missing data. To assess the support we implemented bootstrap searches
(Felsenstein 1985) for both separate and combined analysis, with 1000 pseudo-replicates.
The evolutionary models of each dataset and data partition (ITS: ITS1, 5.8S and ITS2;
trnL-trnF: trnL, trnL-trnF spacer and trnF; trnL-rpl32: trnL spacer and rpl32) and BI
reconstructions were selected according to the Akaike information criterion implemented
by jModelTest v.2.1.7 (Darriba & al. 2012) as follows: ITS: GTR + I + Γ; trnL-F + trnLrpl32: TVM + Γ; and ITS + trnL-trnF + trnL-rpl32: GTR + I + Γ. Maximum Likelihood
analysis was performed with RAxML v8 (Stamatakis 2014) and the evolutionary model
used for the combined dataset was GTR + I + Γ. The support in the ML trees was
determined by non-parametric Bootstrap analyses using 1000 replicates. The BI analysis
was performed in BEAST v.1.8.1. The Markov Chain Monte Carlo (MCMC) analysis was
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set to two independent runs, each with one cold and three heated chains. We run 10 million
generations and sampled every 100th tree with a burn-in of 10000 trees. We used FigTree
v.1.4.2 (Rambaut 2012) to build the trees. The bootstrap values and posterior probabilities
were considered as follows: Parsimony and ML = ≤ 80 % low; 81–90 % moderate; 91–
100 % high; and BI = < 0.95 low; 0.95–.97 moderate; 0.98–.1.00 high.
Divergence dates and molecular clock calibration
Absolute ages were calculated in BEAST v.1.8.1. using three fossil calibration points
(macrofossil and pollen), and the absolute node ages were estimated in the MCC Bayesian
Inference tree (1, 2, 3 in Fig. 4): 1) the minimum stem age of the entire sample, i.e. the
subfamily Mutisioideae, was constrained with the well-preserved fossil of the head of
Raiguenrayun cura Barreda, Katinas, Passalia & Palazzesi, which possibly was a member
of the plant group that gave rise to the Mutisioideae – Carduoideae (Barreda et al 2009).
For the calibration we set a lognormal prior with an offset of 47.5 Ma, and mean and
standard deviation of 0.5; 2) for the tribe Nassauvieae we used a pollen fossil of
Huanilipollis cabrerae Barreda & Palazzesi (Barreda & al. 2008, 2010 a,b) from the early
Miocene of Patagonia; we set a lognormal prior and constrained the offset to the fixed age
of 23.0 Ma, and mean and standard deviation of 0.5; and 3) for the clade Mutisia +
Pachylaena we used the pollen fossil Mutisiapollis patersonii Macphail & Hill from the
middle to late Miocene of Patagonia, which shares a series of synapomorphies with extant
species of Mutisia (Macphail and Hill, 1994; Macphail and Stone, 2004 and Barreda & al.,
2010 a,b); for this calibration we set a lognormal distribution and offset of 15.0 Ma, and a
mean and standard deviation of 0.5. We used a soft bounded prior for our calibration, i.e. a
lognormal distribution with offsets equal to the fossil ages, and low mean and standard
deviations values, because the fossils that we used present a series of synapomorhies which
are shared by the extent species of the calibrated nodes. Therefore, we assume that these
fossils are closely related to the crown groups at the respective nodes. We tested our
dataset for clock-like behavior by running an uncorrelated lognormal relaxed clock first,
according to the BEAST 1.4 manual, and obtained standard deviation values that were
higher than zero, which is an indication that the data do not follow a clock-like pattern.
Hence, the divergence time was estimated using the Speciation Yule Process as tree prior
and uncorrelated lognormal rate change with a relaxed molecular clock model. We used
the evolutionary models set by jModelTest v.2.1.7 in the phylogenetic analysis for each of
the markers. The analysis ran 20 million generations with parameters sampled every 1000
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generations. Subsequently we loaded the trace file into Tracer v.1.6.0 to examine the
credibility of the parameters and to look for the effective sampling size (ESS), which
turned out to be equal or higher than 200 for all the parameters. TreeAnnotator v.1.8.1 was
used to summarize the trees generated by BEAST (the burn-in was set to 20000 trees 10%) and to calculate the maximum clade credibility (MCC) chronogram with the mean
divergence time estimates showing the 95 % higher posterior distributions (HPD) intervals.
The final tree was visualized and edited in FigTree v.1.4.2 (Fig. 4).
Biogeographic analysis
In order to reconstruct the biogeographic history of the GC, eight areas of endemism
(Fig. 5) were established according to the distribution of the genera of the complex and
related groups, i.e., other genera of the tribe Mutisieae and the tribes Nassauvieae and
Onoserideae. The geographic distribution of species was determined by geo-referencing
herbarium specimens and specimens cited in the literature (Zardini 1975; Hansen 1985a,
1985b; Katinas & al. 2008; Katinas & al. 2009 a; Simpson & al. 2009; Luebert & al.
2009). The areas of endemism were selected based on the general distribution of the taxa:
A – southeastern South America (southeastern and southern Brazil, Uruguay and
northeastern Argentina); B – western South America (from central Colombia to central and
southern Chile and Argentina); C – Central America, Mexico and southern United States;
D – northwest United States and southwest Canada; E – east Asia (from northern China,
Kazakhstan and Japan to Mongolia and southern Russia); F – south and southeast Asia
(along the Himalayas, from Kashmir and eastern Pakistan to northern India, Nepal and
southern China); G – south and east Africa and Arabian Peninsula and H – Australia. The
ancestral areas were inferred through a Dispersion-Extinction-Cladogenesis (DEC) model
calculated by Lagrange (Ree & Smith 2008) implemented in RASP v. 2.1b (Reconstruct
Ancestral State in Phylogenies, formerly S-DIVA; Yu & al., 2010, 2013). The MCC tree
from the Bayesian Inference generated in MrBayes v.3.1.2 was used for this analysis. The
probability of dispersal between areas was maintained as equal.
RESULTS
Phylogenetic analysis
The resulting cladogram and phylogram of the combined dataset, with nodes support
for Parsimony, Maximum Likelihood (ML) and Bayesian Inference (BI) are shown in Fig.
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3. The separate ITS dataset (Electr. Suppl.: Fig. 1) showed a similar topology and retrieved
the major clades observed in the combined dataset, however, the relationship among the
genera of the GC were not resolved using the ITS dataset alone (Electr. Suppl.: Fig. 1).
The combined chloroplast dataset (Electr. Suppl.: Fig. 2), yielded a much less resolved
topology, and aside from a few genera, failed to retrieve the major lineages of the
subfamily Mutisioideae shown in Fig. 3. There were no supported conflicts between the
separate nuclear and chloroplast datasets (Electr. Suppl.: Fig. 1, 2). The ITS dataset
contained 717 characters, of which 395 (53.5%) were parsimony-informative, producing
57 trees (L = 2330, CI = .333, RI = .721). The trnL-trnF dataset contained 1009 characters,
of which 117 (11.2%) were parsimony-informative. A total of > 10000 trees were
produced in this analysis (L = 228, CI = .697, RI = .871). The trnL-rpl32 dataset contained
1077 characters of which 95 were parsimony-informative (8.8 %) and only eight trees were
generated (L=143, CI = .797, RI = .882). The analysis of the combined ITS + trnL-trnF +
trnL-rpl32 dataset, as expected, yielded a more resolved consensus tree (fig. 3), and
generated 3901 equally parsimonious trees, unsing 2691 characters (ITS = 1–717; trnLtrnF = 718–1726; trnL-rpl32 = 1727–2691), of which 517 were parsimony-informative (L
= 1914, CI = .433, RI = .765). The separate ITS and the combined analysis did not show
significant differences in the resolution of the clades. The trnL-trnF and trnL-rpl32 each
failed to resolve the relationships among the genera of the Mutisieae and the three tribes of
Mutisioideae. The number of accessions and the number of missing data of each dataset
were as follows: trnL-rpl32: total no. of accessions: 69/ no. of missing data: 45; trnL-F =
69/18; ITS = 69/1. However, when we ran the analysis without trnL-rpl32 the resulting
topologies were similar to those of the combined analysis. Most of the clades were still
supported and the only significant difference was that the clade containing Chaptalia +
Gerbera + Leibnitzia was a polytomy.
The results agree with earlier phylogenies (Katinas & al. 2009 a, Panero & Funk 2008,
Luebert & al. 2009), which showed Pachylaena atriplicifolia D. Don ex Hook & Arn. as
the sister group of Mutisia (76/93/1.00). These two genera form the sister clade to the
remaining Mutisieae (Fig 3).
In our analysis some of the genera of the GC that were included – Amblysperma,
Chaptalia, Leibnitzia, Lulia and Trichocline – were supported as monophyletic (Fig 3).
The consensus trees of Parsimony, ML and BI produced by the combined analysis were
unanimous in showing the GC as a highly supported clade (Parsimony = 100, ML = 100
and BI = 1.00) within which there are two highly supported clades (Fig 3): Clade A
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contains Lulia + Brachyclados D. Don + Trichocline (Fig. 1, 3) and Clade B contains
Chaptalia + Gerbera + Amblysperma + Leibnitzia + Uechtritzia (Fig. 2, 3). The sister
group of Clade A + B (i.e. GC) is formed by Adenocaulon + Eriachaenium Sch. Bip. with
high support values in the Parsimony and BI analyses (92/56/0.99). Brachyclados is the
sister group of Trichocline (100/98/1.00), as previously reported in Panero & Funk (2008),
and Lulia is sister group of Brachyclados + Trichocline (100/99/1.00). Gerbera is shown
to be non-monophyletic and divided into two clades: Asian Gerbera + Uechtriztia
(64/58/0.86) and African Gerbera + Amblysperma (51/77/1.00). The clade formed by the
African Gerbera + Amblysperma + Asian Gerbera + Uechtritzia is sister to the clade
containing Leibnitzia, but this node had relatively low support values (57/53/0.92). Finally,
Chaptalia, a New World genus, is the sister group of the rest of the genera of Clade B
(100/99/1.00), which is represented by the old world genera: Amblysperma + African
Gerbera + Asian Gerbera + Uechtritzia + Leibnitzia.
Leibnitzia appears as monophyletic in our results, with moderate support values
(52/73/0.98). Leibnitzia anandria, the most widespread species, and the American L.
occimadrensis G.L. Nesom and L. lyrata (Sch. Bip.) G.L. Nesom are grouped together
with high support (100/99/1.00). These results agree with those presented by Baird & al.
(2010).
Molecular dating and biogeography
Based on the combined analysis of nuclear and plastid markers, the Beast analysis
suggests an age of 44.86 Ma in the middle Eocene (95% HPD = 33.61–49.24) for the split
between Mutisieae and Nassauvieae (N2 – Fig. 4; Table 3). The Distribution and
Extinction Cladogenesis (DEC) results show that the Most Recent Common Ancestor
(MRCA) of both the subfamily Mutisioideae and the split between Onoseridae and
Nassauvieae + Mutisieae is most likely to have occurred in western South America (B)
(N1 – Fig. 5; Table 3). The divergence time estimate for the crown of tribe Mutisieae was
around 36.47 Ma (26.83–45.50), and the distribution of the ancestral area of the tribe was
in western South America (B) (N3 – Fig. 4, 5; Table 3). The GC originated around 32.74
Ma (95% HPD = 23.77–41.96) in the early Oligocene, and its crown group age is 25.74
Ma (95% HPD = 18.26–33.75) in the late Oligocene (N6 – Fig. 4, 5; Table 3). The analysis
showed that the MRCA of the GC was most likely distributed in western South America
(B).
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The diversification of Clade A started 17.96 Ma in the middle Miocene (95% HPD =
11.72–24.98; N7 – Fig. 4; Table 3). The reconstruction of the distribution of the MCRA of
this clade shows AB as the ancestral area, with a vicariance event that separated Lulia in
the southeastern South America (A) from the rest of the clade in western South America
(B) (N7 – Fig. 5). Subsequent dispersal of species of Trichocline, (T. catharinensis
Cabrera, T. humilis Less., T. plicata Hook. & Arn. and T. reptans (Wedd.) Hieron.) from
western South America (B) to southeastern South America (A) are shown below node N9
(Fig. 5).
The crown group age of Clade B was estimated at 13.69 Ma (95% HPD = 9.44–18.79)
in the Miocene, when the main separation of this clade into the New World Chaptalia and
the Old World Amblysperma + Gerbera + Leibnitzia + Uechtritzia took place (N10 – Fig.
4; Table 3). The DEC analysis shows the western South America and south + southeast
Asia (BF) as the most likely distribution of the MRCA of clade B and shows an event of
vicariance between the areas B and F (N10 – Fig. 5; Table 3). The range of the MRCA of
Amblysperma + Gerbera + Leibnitzia + Uechtritzia was most likely south and southeast
Asia (N12 – Fig. 5) with subsequent dispersal of Gerbera from this ancestral area to
eastern Africa (N18 – Fig. 5), with the exception of the Himalayan species G. gossypina,
G. maxima Beauverd and Uechtritzia kokanica, which remained in south and southeast
Asia (N17 – Fig. 5). The ancestral area of Amblysperma + African Gerbera is south and
southeast Asia and Australia (N16 – Fig. 5). The African Gerbera separated from the
Australian genus Amblysperma around 8.49 Ma (95% HPD = 6.97–14.22) in the late
Miocene (N16 – Fig. 5). The ancestral area range of Leibnitzia is south and southeast Asia,
with dispersal from this area to east Asia and to the southern United States and Mexico,
which separates the only representatives of Leibnitzia in the New World, L. lyrata and L.
occimadrensis (N13, N14 – Fig. 5). This event was estimated to have occurred at 2.79 Ma
(95% HPD = 0.91–5.74).
DISCUSSION
Phylogenetic relationships
As described above, the clade formed by the seven genera of the GC + Brachyclados
is clearly separated into two main clades (Fig. 3). Clade A contains three genera that are
exclusively South American, Brachyclados, Lulia and Trichocline. Interestingly,
Trichocline is the only widespread and relatively diverse genus in this clade, with ca. 23
species occurring in the central and southern Andes and South Brazil, northeastern
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Argentina and Uruguay. Brachyclados contains only three species, all narrowly distributed
in the Patagonia region of Argentina and Chile. The monospecific Lulia is endemic to wet
grasslands and Sphagnum peatbogs in the high and mid elevation areas of the southern
Brazilian Plateau and Serra do Mar, in the Atlantic Rain Forest phytogeographic domain in
the states of Santa Catarina, Paraná and São Paulo. The disjunct distributions of Lulia,
Brachyclados and Trichocline allied with the low diversity of the first two, and their
relatively ancestral position in the phylogeny could indicate that these genera are
paleoendemics of tribe Mutisieae in South America.
The relationship among the three genera of Clade A is supported not only by high
support values for this clade but also because of their remarkable morphological
similarities, which were also reported by Zardini (1975, 1980). Lulia was first described by
Lessing (1832) as Trichocline nervosa Less. and differs from the other two genera
(Brachyclados, Trichocline) in being a caulescent herb with horizontal roots,
parallelodramous veined leaves, compressed and rostrate cypselae, and cypsela hairs that
are acute at the apex.
Most of the species of Clade A have bilabiate disc corollas and bilabiate to ligulate ray
corollas that are yellow to light orange and have an expanded outer lip that is light orange
(four species of Trichocline can have red or white corollas). In addition the phyllaries are
imbricate in many series, the receptacle is alveolate, and they all have short, papillose style
branches. However, the genera also have some conspicuous morphological characters that
distinguish them from one another. Lulia nervosa is an herb of caulescent habit, it has
alternate and parallel-veined leaves along its scape (Table 2), which is unique in Clade A
and could be interpreted as a synapomorphy for this genus. Most of the species in the other
genera are either rosette herbs or shrubs with alternate leaves. Brachyclados species are
stout or cushion-like shrubs, with leaves clustered in brachyblasts; on the other hand, the
species of Trichocline are acaulescent herbs that, for the most part, have their leaves in a
basal rosette (Table 2), although a few Chilean and northern Argentinean species that have
a caulescent habit.
The GC has historically been delimited to species with an herbaceous habit and a
monocephalous scape. Because Brachyclados lacks both of these characters it has never
before been suggested as a member of the GC. However, our results show clearly that for
the GC be monophyletic this genus must be included. As a result of its inclusion in the GC
we plan to continue investigating further morphological characters that define the GC.
Prior to this study, the relationships among Chaptalia, Gerbera and Leibnitzia were
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unresolved (Baird & al. 2010). Our results show that Chaptalia is the sister group of the
other two genera (Amblysperma + Uechtritzia), which is also reflected in their
biogeographic history (Chaptalia is exclusively American, and the other two can be found
in Asia and Africa). Amblysperma is the only native Australian taxon in the Mutisieae, and
our study indicates that it is the sister taxon of the African Gerbera in a rather well
supported clade (Fig. 3). In fact, it is interesting to note that the locals in Western Australia
call Amblysperma scapigera “native Gerbera” (Thiele, pers. comm.). This relationship is in
agreement with previous phylogenies and taxonomic revisions (Funk & al. 2014, Hind
2014), but contrasts with the idea that Amblysperma is close to Trichocline, and therefore
resolves an ongoing discussion (Zardini 1975; Hansen 1990, 1991; Hind 2001; Katinas
2004 a,b; Hind 2014). As pointed out by Hind (2001), Amblysperma and Trichocline are
morphologically distinct, and our phylogeny clearly supports these observations. Besides
the molecular data, the relationship between African Gerbera and Amblysperma is also
shown by their morphology, as they share a turbinate to campanulate involucre, smooth
anther tails and filaments, and the presence of well-developed staminodes in the ray florets
(Katinas & al. 2008).
Gerbera is a widespread genus, with species in eastern and southern AfricaMadagascar, and south and southeastern Asia. Therefore, it is not surprising that our
results suggest that Asian Gerbera, represented here by G. gossypina and G. maxima, and
Uechtritzia kokanica form a clade separate from African Gerbera. Although not strongly
supported in the phylogeny, this concept of a non-monophyletic Gerbera agrees with
previous phylogenetic studies (e.g. Baird & al. 2010) and with the morphological work by
Hansen (1985b, 1990) who suggested that the genus is polyphyletic and that the African
species represent a morphologically coherent group. Gerbera gossypina and G. maxima
belong to Gerbera sect. Isanthus, which is composed of six Asian species confined to the
Himalayan region and Southwest China. According to Hansen (1988), this section is
characterized mainly by campanulate involucres, naked receptacles, and rostrate cypselae.
Other authors have indicated that this section should be treated as an entity separate from
African Gerbera (De Candolle 1838; Jeffrey 1967), and our results agree with this
position. Furthermore, G. cordata and G. piloselloides, the only two species in sect.
Piloselloides Less., were once considered a separate genus by Jeffrey (1967): Piloselloides
(Less.) Jeffrey. Our results show that these two species are clearly nested within Gerbera.
Uechtritzia, which is nested within Asian Gerbera (Fig. 3), contains three species with
hemispherical involucres, fimbriate receptacles and slightly rostrate cypselae, and is also
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distributed along the Himalayas. Further studies are planned to investigate the relationships
among these taxa. We need to sample the remaining two species of Uechtritzia, the
missing four species of Gerbera sect. Isanthus as well as the two species of Perdicium, the
only genus of the GC not sampled.
Origin and worldwide dispersal
The results of the biogeographical analysis indicate that the ancestral area of all the
early divergent nodes and the GC is in South America, more specifically western South
America, along the Andes and Patagonia followed by dispersals to south and southeast
Asia and further dispersal to Africa and Australia (Fig. 5). These results are in accordance
with the studies by Funk & al. (2005) and Panero & Funk (2008), who suggested that the
early divergent lineages of Asteraceae have originated in South America and radiated to
other continents. The South American origin of the GC also agrees with the results by
Baird & al. (2010). Despite the fact that we did not separate area B, western South
America, into northern, central and southern Andes, it is probable that the southern Andes
and Patagonia are the most likely area for the origin of the extant species of the
Mutisioideae, primarily because the early divergent clades are found in this area. Other
work discussing the origin of early lineages of the Compositae also support this
assumption (Funk & al. 2005; Panero & Funk 2008; Funk & al. 2009).
The biogeographic reconstruction shows the ancestral area for Clade A as either
western or southeastern South America (AB; N7 – Fig. 5). Because Lulia is sister to the
rest of the clade, and is monospecific with an extremely restricted distribution, it is
possible that the ancestral area could have been in southeastern South America, along the
southern Brazilian Plateau, with subsequent dispersal of the progenitor of Brachyclados to
western South America, in the Patagonian region (N8 – Fig. 5) and later diversification of
Trichocline in western South America along the Andes (N9 – Fig. 5). The colonization of
open areas of the Pampa in Uruguay, Argentina and southern Brazil by Trichocline could
have been driven by the formation of open grasslands during the late Miocene in
conjunction with the rise of the Andes. Global cooling, right after the Mid-Miocene
Climatic Optimum approximately 15 Ma, induced the formation of open grassland
vegetation (Iganci & al. 2013). This process roughly coincides with the proposed dispersal
of Trichocline from the Andes to the Pampas (Fig. 4) and could have been the major factor
of this colonization.
Clade B is divided into two well-supported clades, one that originated in South
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America (most likely western South America; B), and contains Chaptalia (N11 – Fig. 5)
and one that originated in Asia (south Asia; F; N12 – Fig. 5). However, since Clade A and
most of the species of Chaptalia (Clade B) originated in area B as did the outgroups, we
assume that the extant members of the GC clade probably originated in western South
America (B).
Clade B contains some of the most diverse and widespread genera of the tribe
Mutisieae s.s. and the other early divergent clades of the Compositae, i.e. subfamilies
Barnadesioideae, Mutisioideae, Stifftioideae etc., sensu Panero & Funk (2008). The only
non-GC genus in the tribe Mutisieae that occurs outside South America is the curiously
disjunct Adenocaulon, with species that reach Patagonia in Argentina and Chile,
Guatemala and Mexico, the northwestern United States and southwestern Canada, and
Asia (Katinas 2000; Katinas & al. 2008, Funk et al. 2016). Chaptalia, Leibnitzia, the Asian
species of Gerbera (i.e. sect. Isanthus) and Uechtritzia are the only members of the GC
that have colonized areas with a northern temperate climate. Baird & al. (2010)
hypothesized that these genera could have reached such regions by a migration process that
began in South America, went to North America, and finally reached the temperate regions
of the Himalayas, central and eastern Asia through the Bering land bridge. Curiously, only
a few other members of the Compositae show this Asian – Central and North American
disjunction (Funk & al. 2005, 2009).
The distribution patterns observed in this study contrast with some ideas that have
been expressed by others (Panero & Funk 2008; Funk & al. 2005; Baird & al. 2010). The
ancestral distribution of Chaptalia + Gerbera + Leibnitzia + Uechtritzia in western South
America and south and southeast Asia (N10 – Fig. 5) could indicate dispersal across the
isthmus of Panama during the mid Miocene resulting in the colonization of the more
temperate regions of the northern hemisphere and then through the Bering land bridge to
Eurasia and Africa during the middle Miocene. This agrees with Katinas et al. (2013) who
stated that the biogeographic route, from across the isthmus of Panama and through the
Bering land bridge, could have been one of the main ways of dispersal of the GC to North
America, Asia and finally Africa.
According to our molecular dating and biogeographic analysis, it is clear that Old
World genera of Clade B (N12 – fig. 5) first diversified in Asia and then spread to Africa
and Australia. This is in contrast to long-distance dispersal from South America to Africa
as suggested by Baird & al. (2010). The fossils from Africa (Scott & al. 2006), cited by
Baird & al. (2010) as evidence for this dispersal from South America to Africa, belong to
44

the Mutisioideae s.l., more specifically to Dicoma Cass., which is now nested in the tribe
Dicomeae, subfamily Carduoideae. These fossils have been reported as being much older
than the ages estimated by us as well as by Baird & al. (2010) for the GC, suggesting that
the early lineages of Asteraceae arrived in Africa around 42–46 Ma. Our estimation shows
that the GC diversified somewhere around 25 Ma during the early Oligocene. Hence, the
tribe Mutisieae, more precisely the members of the GC, as discussed earlier, could have
reached the Asian and African continents through the Bering land bridge during the middle
Miocene, with the species of Leibnitzia and Asian Gerbera diversifying primarily in cooler
environments and higher latitudes of eastern Asia.
The process that led Amblysperma to separate from the African Gerbera is not entirely
clear (N16 – Fig. 5). According to our analysis, three different scenarios are possible: 1)
the ancestor was in Asia and two independent dispersal led to different continents, one to
Australia, through Indochina and the Indo-Malaysian Islands and the second to Africa, 2)
the ancestor was in Asia and dispersed to Australia and then to Africa, or 3) the ancestor
was in Asia and dispersed to Africa and on to Australia via long-distance dispersal. Of
course, with the addition of missing species of Gerbera, this conundrum may be solved.
Both Amblysperma and African Gerbera occur in Mediterranean regions or other
seasonally dry areas of southwestern Australia and eastern Africa, and it therefore seem
more likely that the third scenario is more plausible. The ancestor of Amblysperma could
have dispersed from Africa to Australia via ocean currents in the Indian Ocean, such as the
South Equatorial and Indian current or Agulhas current (Waters & Roy 2004; de Queiroz
2005). This is not the only example for dispersal from southern Africa to Australia in the
Compositae: Cymbonotus Cass. (Australia) is nested in the southern African tribe
Arctotideae (McKenzie et al. 2006; McKenzie & Barker 2008; Funk et al. 2004, 2007). In
the late Miocene to the Pliocene, around eight to three million years ago (N16 – Fig. 4, 5;
Table 3), the Australian continent underwent a process of aridification (Crayn et al. 2006),
which later isolated the tropical, subtropical and temperate vegetation in the northern and
southwestern parts of the continent (Crisp et al. 2004). Amblysperma could have dispersed
throughout the western part of the Australian continent. However, due to the intensified
aridification during this period, the species became restricted to more humid and forested
areas, such as the present Mediterranean climate region in southwest Australia. Finally,
according to Katinas & al. (2008, 2009 b), members of Gerbera show a wide range of
ploidy levels (n = 12, 23, 24, 25; 2n = 24, 46, 50), a fact that could have helped the
ancestor of Amblysperma to establish itself, since polyploids are thought to be more
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successful in colonizing new environments after long distant dispersal (Linder & Barker
2014).
CONCLUSION
We conclude by pointing out the aims of our study and explaining their achievement
accordingly.
First of all we aimed to assess the monophyly of the GC, and the present molecular
phylogenetic analysis have shown that the GC form a well supported clade, which is
further supported by morphology. Second, we intended to provide a better understanding
of the phylogenetic relationships among the genera of the GC, and although some of the
genera had low sampling, (Chaptalia, Gerbera, and Trichocline) some of the intergeneric
relationships that, before this study were still unclear, e.g. Amblysperma and Trichocline
and Chaptalia, Gerbera and Leibnitzia, are now more resolved. Also, the nomenclature of
the Gerbera-Complex may eventually be affected by this study, especially as regards
Asian Gerbera and Uechtritzia. At this point it seems best to wait before we make any
taxonomic decisions until we are able to add additional Asian and African taxa of Gerbera
and Uechtritzia. Another concern is whether or not to sink Amblysperma into Gerbera. As
discussed before, they are easily separated by morphology and geography, and we are not
inclined to unite the two genera at this time. Further studies, including adding the second
species of Amblysperma and representatives of the Madagascan Gerbera sect. Pseudoseris
(Baill.) Jeffr., are needed to shed light on this matter.
Finally, we hope to detemine when and how the genera of the GC spread throughout
Asia, Africa and Australia. It is clear that the GC first diversified in South America during
the Miocene, and then spread to North America and Asia. However, it is still premature to
propose a definite route. As mentioned above, in some genera, like Gerbera, only a subset
of species were sampled, and so adding new species to the analysis could change the
results. In the future we plan to include a broader sampling of Gerbera and the other
species of Amblysperma, which hopefully will indicate which biogeographical routes of
the clade Amblysperma + African Gerbera were taken.
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Table 1. Markers used in the analysis and PCR conditions (IP = initial pre-heating; DD =
DNA denaturation; PA = primer annealing; DE = DNA extension; FE = final extension).
Marker
ITS

trnL-trnF

trnL-rpl32

Primers and sequences 5’–3’

PCR protocol (IP; DD; PA; DE; FE)

ITS5A: GGA AGG AGA AGT CGT AAC AAG G
ITS4: TCC TCC GCT TAT TGA TAT GC
trnL-Fc: CGA AAT CGG TAG ACG CTA CG
trnL-Ff: ATT TGA ACT GGT GAC ACG AG
trnL: TAC CGA TTT CAC CAT AGC GG

95º C – 1’; 54º C – 1’; 72º C – 1’; 72º C – 10’; 40 cycles

94º C – 1’; 53º C – 1’; 72º C – 2’; 72º C – 10’; 35 cycles

95º C – 3’; 51º C – 40’’; 72º C – 1’20’’; 72º C – 5’; 40 cycles

rpl32: AGG AAA GGA TAT TGG GCG G
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Table 2: Summary of species number, distribution and diagnostic characters of the genera
of the Gerbera-Complex recognized in this study. Genera highlighted with an asterisk
were not included in the analysis.
Genus
Amblysperma

Nº of
species
2

Distribution

Diagnostic characters

Literature

Western Australia

Seasonal leaves, disc florets

Hind (2014)

sub-bilabiate to 5-lobed
actinomorphic, cypsela hairs
long
Brachyclados

Chaptalia

3

ca. 70

South America, Patagonia

Shrubs and subshrubs, with

Katinas et al. (2008)

and Southern Andes

brachyblasts and macroblasts

Americas, from United

Capitula trimorphic, florets

Katinas (2004 a),

States to Southern

without staminodes

Katinas et al. (2008)

Africa and Southern and

Capitula dimorphic or

Hansen (1985a, b),

Eastern Asia

trimorphic, florets generally

Hansen (1988), Katinas

with staminodes

(2004 a), Katinas et al.

Argentina and Chile

Gerbera

ca. 27

(2008)
Leibnitzia

6

Eastern Asia and North

Plants dimorphic, alternating

Hansen (1988), Nesom

America in Mexico and

between chasmogamous and

(1983)

United States

cleitogamous capitula
generations

Lulia

1

South Brazil

Erect herbs, parallel-veined

Zardini (1980)

leaves, cypsela slightly rostrate
at the apex
Perdicium *

Trichocline

2

ca. 25

South Africa, Cape

Cypsela with pappus bristles

Katinas (2004 a),

Region

connate at the base

Katinas et al. (2008)

South America, Andes,

Rosulate herbs, cypsela truncate,

Zardini (1975), Katinas

Central Argentina and

covered with short claviform

et al. (2008)

South and Southeast

twin hairs

Brazil

Uechtritzia

3

East Asia, Himalayas and

Hairs in the cypsela shaggy and

Hansen (1988), Hansen

Russia

sparsely distributed

(1990), Katinas (2004 a)

55

Table 3: Divergence time estimation, 95 % higher posterior distributions (HPD) intervals
and most likely biogeographic events according to the Lagrange DEC analysis, for the
nodes highlighted in figure 4.
Node

Age (Ma)

95% HPD (Ma)

Biogeographical event

N1

48.10

47.52-49.67

Remained in B

N2

44.86

33.61-49.24

Remained in B

N3

36.47

26.83-45.50

Remained in B

N4

16.10

15.28-17.65

Remained in B

N5

32.74

23.77-41.96

Remained in B

N6

25.74

18.26-33.75

N7

17.96

11.72-24.98

N8

13.84

8.73-19.84

Remained in B

N9

10.33

6.22-15.20

Remained in B

N10

13.69

9.44-18.79

N11

8.67

5.46-12.90

Dispersal from B to C

N12

11.87

8.28-16.40

Remained in F

N13

8.76

4.04-13.61

Dispersal from F to CF

N14

2.79

0.91-5.74

Dispersal from F to C

N15

10.21

6.97-14.22

N16

8.49

5.32-12.39

Dispersal from B to A
and from B to F
Vicariance between A
and B

Vicariance between F
and B

Dispersal from F to G
and H
Dispersal from FH to G
and vicariance between
H and FG

N17

8.13

4.54-12.22

N18

6.69

4.00-10.11
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Remained in F
Dispersal from F to G
and extinction in F

Fig. 1: Species of the Gerbera-Complex clade A. A, Lulia nervosa, Brazil; B, detail of the
alternate leaves and the habit of Lulia nervosa; C, Trichocline humilis, Brazil; D, T.
catharinensis, Brazil; E, T. macrocephala, Brazil; F, G, Brachyclados lycioides,
Argentina. – Image credits: A, B, D, E. Pasini; C, L.P. Deble; E, I.C.G. de Borba; F, T.
Eyzaguirre; G, D. Testoni.
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Fig. 2: Species of the Gerbera-Complex clade B. A, B, Gerbera jamesonii; C,
Amblysperma. spathulata, Australia; D, G, Leibnitzia anandria; E, Gerbera piloselloides;
F, G. viridifolia; H, Chaptalia runcinata, Brazil; I, C. integerrima, Brazil. – Image credits:
A, B, E, F, M. Koekemoer; C, G. J. Keighery; D, G, R.R. Broekhuis; H, I, E. Pasini.
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Fig. 3: Phylogeny (A – cladogram; B – phylogram) of the subfamily Mutisioideae based
on the ML analysis of the combined ITS, trnL-trnF and trnL-rpl32 markers. The bootstrap
and posterior probabilities support values are shown next to branches in the order of
Parsimony/ML/BI. “-“ indicates a different topology for the respective analysis.
Onoserideae
Onoserideae

Urmenetea atacamensis
Onoseris ilicifolia

Onoserideae

Gypothamnium pinifolium
Plazia daphnoides
Oxyphyllum ulicinum
100 / 100 / 1.00

Nassauvieae

Leucheria rosea
Leucheria salina
Nassauvia revoluta

100 / 99 / 1.00

Nassauvia axillaris
Panphalea bupleurifolia

- / 54 / 1.00

100 / 100 / 1.00

Panphalea heterophylla

100 / 89 / 0.99

Perezia pilifera
Perezia ciliaris
Pachylaena atriplicifolia 1
Pachylaena atriplicifolia 2
Mutisia friesiana

76 / 94 / 1.00

- / 61 / 0.94

Mutisia hamata

96 / 100 / 1.00

Mutisia linifolia

74 / 92 / 1.00

Mutisia kurtzii
Mutisia campanulata

100 / 100 / 1.00
100 / 100 / 1.00

Mutisia coccinea
Mutisia speciosa
Eriachaenium magellanicum 1

Mutisieae

Eriachaenium magellanicum 2

- / 67 / 1.00

Adenocaulon bicolor

- / 100 / 1.00

Adenocaulon lyratum

- / 60 / 0.55
- / 62 / 0.56

A

Adenocaulon chilense 1
Adenocaulon chilense 2
Lulia nervosa 1
Lulia nervosa 2

Clade A

Brachyclados caespitosus

100 / 99 / 1.00

Brachyclados lycioides
Trichocline caulescens

92 / 56 / 0.99
100 / 98 / 1.00

Trichocline cineraria
Trichocline auriculata

93 / 93 / 1.00

Trichocline catharinensis

100 / 95 / 1.00

Trichocline reptans

95 / 66 / 1.00

Trichocline plicata
Trichocline humilis

100 / 100 / 1.00

Gerbera-Complex

Chaptalia pringlei
- / 52 / 0.67

Chaptalia piloselloides
Chaptalia runcinata
Chaptalia similis

98 / 99 / 1.00

Chaptalia integerrima
91 / 78 / 0.99

Chaptalia nutans

98 / 88 / 1.00

Chaptalia chapadensis

- / 42 / 0.62
- / 36 / -

100 / 99 / 1.00

Clade B

Chaptalia cipoensis
Chaptalia tomentosa
Leibnitzia nepalensis 1
Leibnitzia nepalensis 2
Leibnitzia anandria 1

52 / 73 / 0.98

Leibnitzia anandria 2

100 / 99 / 1.00

Leibnitzia lyrata 1

65 / 72 / 1.00
100 / 97 / 1.00

Leibnitzia lyrata 2
Leibnitzia occimadrensis 1
Leibnitzia occimadrensis 2

57 / 53 / 0.92

Gerbera maxima
64 / 58 / 0.86
80 / 65 / 0.78

B

Uechtritzia kokanica
Gerbera gossypina 1
Gerbera gossypina 2
Amblysperma scapigera 1

51 / 43 / 0.95

Amblysperma scapigera 2
Gerbera crocea

51 / 77 / 1.00

Gerbera piloselloides
Gerbera cordata

90 / 92 / 1.00

Gerbera jamesonii 1
- / 85 / 1.00
100 / 92 / 1.00

Gerbera jamesonii 2
Gerbera ambigua
Gerbera discolor

0.03
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Fig. 4: Time-calibrated phylogeny of the subfamily Mutisioideae based on the combined
analysis estimated by BEAST. Age estimation and 95% higher posterior distributions
(HPD) intervals (blue bars) of each highlighted node are summarized in Table 3. The
numbered stars represent the fossils used for calibration, respectively: 1) Raiguenrayun
cura; 2) Huanilipollis cabrerae; 3) Mutisiapollis patersonii.
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Fig. 5: Dispersion-extinction-cladogenesis (DEC) analysis with Lagrange models of
ancestral area reconstruction of the subfamily Mutisioideae. The topology used was from
the combined marker analysis generated by BEAST. The pies represent the ancestral area
reconstruction where the size of the slices indicates the probability of each area. A –
southeastern South America; B – western South America; C – Central America, Mexico
and southern United States; D – northwest United States and southwest Canada; E – east
Asia; F – south and southeast Asia; G – south and east Africa and Arabian Peninsula and H
– Australia. Note that when areas from the map are combined they have different colors in
the phylogeny, see color key.
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salina
Nassauvia
revoluta
Nassauvia
revoluta
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revoluta
Nassauvia
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Perezia
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Perezia
pilifera
Perezia
pilifera
Perezia
ciliaris
Perezia
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Perezia
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Panphalea
heterophylla
Panphalea
heterophylla
Panphalea
heterophylla
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bupleurifolia
Panphalea
bupleurifolia
Panphalea
bupleurifolia
Pachylaena
atriplicifolia
Pachylaena
atriplicifolia
Pachylaena
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Mutisia
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Mutisia
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Mutisia
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N2

N4
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hamata
Mutisia
hamata
Mutisia
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kurtzii
Mutisia
kurtzii
Mutisia
kurtzii
Mutisia
linifolia
Mutisia
linifolia
Mutisia
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Mutisia
campanulata
Mutisia
campanulata
Mutisia
campanulata
Mutisia
coccinea
Mutisia
coccinea
Mutisia
coccinea

Mutisieae
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speciosa
Mutisia
speciosa
Mutisia
speciosa
Eriachaenium
magellanicum
Adenocaulon
lyratum
Adenocaulon
lyratum

N3
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Fig. S1. Phylogeny of the subfamily Mutisioideae based on the BI analysis of the nuclear
dataset.
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Gerbera-Complex

Fig. S2. Phylogeny of the subfamily Mutisioideae based on the BI analysis of the
chloroplast dataset combined.
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Appendix 1. Taxa names, information from the material used for phylogenetic analysis
(country, collector, collector number and herbarium where the specimen is deposited), and
GenBank accession number from ITS, trnL-trnF and trnL-rpl32. New sequences are
indicated with “ * ”; unavailable sequences are indicated with “–”. Adenocaulon bicolor
Hook.: U.S.A., G. Helmkamp K-17 (TEX), FJ979672, –, FJ979722, A. chilense Less. - 1:
Chile, Ricardi & Marticorena 1923 (F), FJ979674, –, FJ979724; A. chilense - 2:
Argentina, J.M. Bonifacino 3997 (LP), KX349359*, KX349360*, –; A. lyratum S.F.Blake:
Mexico, D.E. Breedlove 13424 (F), FJ979673, –, FJ979723. Amblysperma scapigera
(Benth.) F.Muell. - 1: Australia, Davis 8267 (PERTH, US) KF989514*, KF989620*, –. A.
scapigera: Australia, G.J. Keighery 7195 (PERTH), KX349361*, –, –. Brachyclados
caespitosus (Phil.) Speg.: Argentina, J.M. Bonifacino 459 (US), –, EU385044, –. B.
lycioides D.Don: Argentina, J.M. Bonifacino 800 (LP), EF530224, EF530270, –.
Chaptalia chapadensis D.J.N.Hind: Brazil, Roque & al. 2188 (ALCB), KF989508*,
KF989614*, –. C. cipoensis Roque, Brazil, s/ voucher s.n. (n/a), KF989507*, KF989613*,
–. C. integerrima (Vell.) Burkart: Brazil, Abreu 22 (ALCB), KF989509*, KF989615*, –.
C. nutans (L.) Polák: Argentina, P.M. Simon 477 (US) GU126772, –, GU126751. C.
pringlei Greene: Mexico, G. Nesom 4405 (US), GU126773, –, –. C. runcinata Kuntze:
Argentina, P.M. Simon 415 (US), GU126774, –, GU126752. C. similis R.E.Fr.: Argentina,
P.M. Simon 711 (US), GU126775, –, GU126753. C. tomentosa Vent.: United States, V.
Funk 12303 (US), GU126776, –, GU126754. C. piloselloides (Vahl) Baker: Brazil, E.
Pasini 1021 (ICN), KX349357*, KX349358*, KX349403*. Eriachaenium magellanicum
Sch.Bip. - 1: Argentina, J.M. Bonifacino 3994 (LP), KX349362, KX349363, –; E.
magellanicum - 2: Argentina, G. Sancho, J.M. Bonifacino & V. Funk 148 (LP, SI),
KX349364*, KX349365*, –. Gerbera ambigua Sch.Bip.: South Africa, Brand & al. 57
(NY), KX349366*, KX349367*, – . G. cordata (Thunb.) Less.: South Africa: J. Wen
10067 (US), KF989510*, KF989616*, –. G. crocea Kuntze, South Africa, Koekemoer &
Funk 1924 (PRE), AY504687, AY504769, –. G. discolor Sond. ex Harv.: C.E. Moss 2472
(NY), KX349368*, KX349369*, –. G. gossypina Beauverd - 1: India, W. Koelz 4294 (US),
GU126777, –, GU126755; G. gossypina - 2: India, Mohan 72 (NY), KX349370*, –, –. G.
maxima Beauverd: India, F. Kingdom 18199 (NY), KX349402*, KX349371*, –. G.
piloselloides (L.) Cass.: South Africa, M. Koekemoer 2125 (US), GU126788, –,
GU126765. G. jamesonii Adlam - 1: n/a, Vincent 13223 (MU), GU818551, –, –. G.
jamesonii - 2: Africa, V. Funk s.n. (US), AY504688, AY504770, –. Gypothamnium
pinifolium Phil.: Chile, F. Luebert & N. García 2747 (SGO, EIF), EU729341, EU729337,
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–, Leibnitzia anandria (L.) Turcz. - 1: China, Liu 890185 (US), GU126778, –, –; L.
anandria - 2: Russia, T. Elias 8183 (US), –, KX349372*, –. L. lyrata (Sch.Bip.)
G.L.Nesom - 1: U.S.A., G. Nesom 3388 (ARIZ), GU126781, –, GU126758. L. lyrata - 2:
U.S.A., G. Nesom 24778 (ARIZ), GU126779, –, GU126757. L. nepalensis (Kunze) Kitam.
- 1: China, J. Wen & al. 542 (US), GU126782, –, GU126759. L. nepalensis - 2: China,
Tibet-MacArthur 542 (US), KX349373*, KX349374*, –. L. occimadrensis G.L.Nesom - 1:
Mexico, G. Nesom s.n. (ARIZ), GU126785, –, GU126762. L. occimadrensis - 2: Mexico,
H.S. Gentry 7189 (US), GU126784, –, GU126761. Leucheria rosea Less.: Chile, J.M.
Bonifacino 1322, EF530254, EF530300, –. Leucheria salina (J.Rémy) Hieron.: Chile, J.M.
Bonifacino 1557 (LP), EF530236, EF530282, –. Lulia nervosa (Less.) Zardini - 1: Brazil,
E. Pasini & al. 1003 (ICN), KX349375*, KX349376*, –; L. nervosa - 2: Brazil, G.
Hatschbach 16030 (US), KX349377*, –, –. Mutisia friesiana Cabrera: Argentina, J.M.
Bonifacino 1477 (LP), EF530241, EF530287, –. M. hamata Reiche: Argentina, J.M.
Bonifacino 1428 (LP), EF530242, EF530288, –. M. kurtzii R.E.Fr.: Argentina, J.M.
Bonifacino 1535 (LP), EF530235, EF530281, –. M. linifolia Hook.: Argentina, J.M.
Bonifacino 1643 (LP), EF530252, EF530298, –. M. campanulata Less.: Brazil, E. Pasini
& al. 951 (ICN), KX349378*, KX349379*, KX349404*. M. coccinea St.Hil.: Brazil, E.
Pasini & al. 933 (ICN), KX349380*, KX349381*, –. M. speciosa Ait.: Brazil, E. Pasini &
al. 924 (ICN), KX349382*, KX349383*, KX349405*. Nassauvia axillaris (Lag.) D.Don:
Argentina, J.M. Bonifacino 1610 (LP), EF530232, EF530278, –. N. revoluta D.Don.:
Argentina, J.M. Bonifacino 527 (LP), EF530253, EF530299, –. Onoseris ilicifolia Cabrera:
Peru, Sagastegui & al. 16626 (F, US), KF989529*, KF989634*, –. Oxyphyllum ulicinum
Phil.: Chile, F. Luebert & N. García 2722 (SGO, EIF), EU729339, EU729343, –.
Pachylaena atriplicifolia Hook. & Arn. - 1: Argentina, J.M. Bonifacino 1602 (LP),
EF530250, EF530296, –. P. atriplicifolia - 2: Argentina, E. Pasini & F.P. Torchelsen 1028
(ICN), KX349384*, KX349385*, –. Panphalea bupleurifolia Less.: Uruguay, J.M.
Bonifacino 1257 (LP), EF530257, EF530303, –. P. heterophylla Less.: Uruguay, J.M.
Bonifacino 1222 (LP), EF530248, EF530294, –. Perezia ciliaris Hook. & Arn.: Argentina,
J.M. Bonifacino 1647 (LP), EF530238, EF530284, –. P. pilifera (D.Don) Hook. & Arn.:
Argentina, J.M. Bonifacino 1442 (LP), EF530225, EF530271, –. Plazia daphnoides
Wedd.: Argentina, J.M. Bonifacino 1470 (LP), EF530226, EF530272, –. Trichocline
auriculata Hieron.: Argentina, H. Simón & J.M. Bonifacino 633 (US), KX349386*,
KX349387*, –. T. catharinensis Cabrera: Brazil, E. Pasini 915 (ICN), KX349388*,
KX349389*, KX349411*. T. caulescens Phil.: Chile, V. Funk & al. 13055 (US),
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KX349390*, KX349391*, KX349406*. T. cineraria Hook. & Arn.: Argentina, E. Pasini
& F. Torchelsen 1027 (ICN), KX349392*, KX349393*, KX349407*. T. humilis Less.:
Brazil, P.P.A. Ferreira 845 (ICN), KX349394*, KX349395*, KX349408*. T. plicata
Hook. & Arn.: Argentina, E. Pasini & F. Torchelsen 1023 (ICN), KX349396*,
KX349397*, KX349409*. T. reptans (Wedd.) Hieron.: Argentina, E. Pasini & F.
Torchelsen 1025 (ICN), KX349398*, KX349399*, KX349410*. Uechtritzia kokanica
(Regel & Schmalh.) Pobed.: Tajikistan, Zaprjagaev s.n. (NY), KX349400*, KX349401*, , Urmenetea atacamensis Phil.: Argentina, J.M. Bonifacino 1500 (LP), EF530231,
EF530277, –.

66

PART 2
Molecular phylogeny, biogeography and evolution of
Trichocline (Compositae: Mutisieae)

67

Molecular phylogeny, biogeography and evolution of key characters in the genus
Trichocline (Compositae: Mutisieae)

Eduardo Pasini1,4, Vicki A. Funk 2, Tatiana de Souza-Chies 3, Carol L. Kelloff 2 and Sílvia
T. S. Miotto 3
1

Universidade Federal do Rio Grande do Sul, Programa de Pós-Graduação em Botânica,

Av. Bento Gonçalves 9500, CEP 91501-970, Porto Alegre, RS, Brazil
2
3

Department of Botany, NMNH, Smithsonian Institution, Washington D.C., USA
Instituto de Biociências, Departamento de Botânica, Programa de Pós-Graduação em

Botânica – UFRGS, Porto Alegre, RS, Brazil.
4

Author for correspondence: (eddpasini@gmail.com)

Manuscript to be submitted to Systematic Botany
68

69

Abstract—Trichocline (Compositae: Mutisieae) is a South American genus with 23
species of monocephalous herbs distributed in the central and southern Andes, and
Southeastern South America. The genus is placed in the Gerbera-Complex of the tribe
Mutisieae. Within the genera of the Gerbera-Complex, Trichocline is recognizable by the
presence of conspicuous ray florets with staminodes, and truncate cypselae covered with
claviform trichomes. In order to assess the systematic relationships among the species of
Trichocline, parsimony and Bayesian inference analyses were performed using both
nuclear (ITS and ETS) and plastid (trnL-F, trnL-rpl32, psbA-trnH, matK, ndhF and trnQrps16) DNA regions. A biogeographical analysis, in conjunction with a fossil calibrated
phylogeny, was used to infer the area of origin, biogegraphical history, and the ages of
speciation and diversification of Trichocline. Also, ancestral state reconstruction and
character state evolution were analyzed to assess the main evolutionary shifts within the
genus. The results show that Brachyclados is the sister of Trichocline, and Lulia is their
closest relative. Trichocline is monophyletic. The Andean species form a clade that
diversified earlier than the species in the southern Brazilian, Uruguaian and northeastern
Argentinian clade. The genus has probably originated in the Andes and Patagonia in the
late Miocene, around 9.5 Ma. The dispersal and vicariance events that led the species to
spread from western South America to eastward are most likely related to the Andean
orogeny, the formation of the Paranean Sea, and the increase of grassland formations in
southeastern South America after the Mid-Miocene Climatic Optimum. The ancestral of
Trichocline was likely caulescent with alternate leaves.
Keywords—Asteraceae,

Andean

flora,

calibrated

Oligocene, South America, Southern Brazilian Plateau.
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phylogeny,

Gerbera-Complex,

The tribe Mutisieae is the most widespread of the subfamily Mutisioideae, distributed in
the Americas, Asia, Africa, and Australia (Funk et al. 2009). The tribe is currently
represented by 14 genera and approximately 200 species (Katinas et al. 2009). The
Gerbera-Complex is a widespread and diverse clade within the Mutisieae, containing
herbaceous and shrubby species with monocephalous scapes, dimorphic to trimorphic
heads, staminodes in the rays, and both bilabiate and ligulate-bilabiate corolas (Hansen
1990, Katinas 2004, Katinas et al. 2008, Pasini et al. 2016). Trichocline Cass. is the fourth
largest genus within the complex, and is one of the most homogeneous in morphology. The
genus is characterized by monocephalous herbs growing from a xylopodium, with few
species presenting caulescent habit, pistilate ray florets with staminodes and a truncate
cypsela covered by claviform twin hairs. The species also present campanulate to
hemispheric involucre, with alveolate receptacle, and phyllaries imbricate in 5-8 series.
Scape morphology is important for species identification and its size can very from its
absence to up to 1 m. The ray florets are very colorful and conspicuous; most species have
yellow colored rays, but red and white rays are also present within the genus.
Trichocline is endemic to central and southern South America and its 23 species are
distributed primarily in two distinct regions, the Andes, along northern, central and
southern Chile and Argentina and southern Brazil, Uruguay and adjacent Argentina
(Zardini 1975) (Fig. 1, A, B). The species are found in a variety of open areas ranging from
high elevation to sea level and in subtropical and temperate regions. In southern Brazil one
area with a concentration of endemic species is the south Brazilian Plateau, where species
such as T. catharinensis Cabrera, T. discolor Cabrera and T. macrocephala Less. are found
in highland grasslands occurring along the Araucaria Forest of the Atlantic Rain Forest
Domain (Fig. 1, B). Two species, T. linearifolia Malme and T. speciosa Less., reach higher
latitudes, occurring in the Cerrado Domain, of the Brazilian states of Paraná and São
Paulo. Another distinct area of diversity for the genus is the lowland grasslands of the
Pampas of Rio Grande do Sul state (Brazil) and Uruguay, where six species are endemic:
T. cisplatina E. Pasini & M.R. Ritter, T. heterophylla (Spreng.) Less., T. humilis Less., T.
incana Cass., T. sinuata (D. Don) Cabrera and T. minuana E. Pasini (Fig. 1, B). In
contrast, in the western portion of southern South America, the species occupy a vast array
of environments, from the high altitude dry vegetation of the Punas in the Andes of
northern Argentina and Chile to the lowland grasslands of Patagonia, where a total of
eleven species are distributed (Fig. 1, A).
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Zardini (1975) wrote the monograph of the genus and separated the species into three
sections: Amblysperma Zardini, Nervifolium Zardini, and Trichocline Zardini. The section
Amblysperma was described to accommodate the only Australian Mutisieae (then called
Trichocline spathulata (Phil.) Zardini), and the Chilean Trichocline aurea (D. Don)
Reiche. These two species were distinguished from the other sections by the presence of
anthers with smooth tails in both species. More recently Hansen (1990), in his
morphological phylogeny of the tribe Mutisieae, segregated Amblysperma (Trichocline
spathulata) from Trichocline. In fact, his cladistic analysis, placed T. spathulata outside
Trichocline, and most closely related to the clade containing Gerbera L., Perdicium L.,
Leibnitzia Cass. and Chaptalia Vent. However, the author did not propose a formal
segregation. Eventually, Hind (2001) followed up on the studies of Hansen (1990, 1991),
agreed that Trichocline spathulata should be separated from Trichocline, and formally
proposed a new combination, Amblysperma spathulata (A. Cunn, ex DC.) D. J. N. Hind.
Recently, Pasini et al. (2016) performed a molecular phylogenetic analysis of the GerberaComplex that showed conclusively that Amblysperma and Trichocline are not closely
related, and that Amblysperma scapigera (including T. spathulata) is sister to the African
species of Gerbera.
Trichocline sect. Nervifolium, was described by Zardini (1975), containing only
Trichocline nervosa Less. Later Zardini (1980) moved the species to a new genus: Lulia
Zardini and indicated characters that separated it from the other sections such as the
caulescent herbaceous habit, horizontal roots, parallel-veined leaves, compressed and
rostrate cypselae and cypsela trichomes that are acute at the apex. Lulia is endemic to the
highland grasslands of the Atlantic Rain Forest Domain where it is restricted to wet
grasslands and peatbogs of Sphagnum spp. along the South Brazilian Plateau in the
Brazilian states of Paraná, Santa Catarina and São Paulo. Recently, Pasini et al. (2016),
showed that Lulia is the sister lineage of Brachyclados D. Don + Trichocline.
According to Zardini (1975) the group of species that occurs in the eastern part of
South America (i.e. Brazilian Plateau, and Pampean region) have originated and
diversified earlier. The author proposed that this group displayed characters that she
considered primitive, such as the presence of a fimbriate-alveolate receptacle and
foliaceous phyllaries that are equal in size. On the other hand, the Andean species were
considered early divergent, presenting more derived characters that were pointed out by the
author, such as smooth and alveolate receptacles and unequal sized coriaceous phyllaries
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(Zardini 1975). As a result, Zardini (1975) thought that the genus first originated in
Southern Brazil, followed by a colonization-diversification event in the Andes.
In the present study we sought to answer the following questions: 1) Is Trichocline
monophyletic? 2) Do the sections proposed by Zardini (1975) represent clades, i.e., is
section Amblysperma (T. aurea) separate from the section Trichocline?, and is Lulia nested
within Trichocline? 3) When and where did Trichocline originate? 4) What were the main
biogeographical events that led Trichocline to its present distribution? 5) What are the
ancestral character states of Trichocline, and how they evolved? We chose to investigate
these questions using a molecular phylogeny based on eight molecular markers, from both
nuclear (ITS and ETS) and plastid (trnL-F, trnL-rpl32, psbA-trnH, matK, ndhF and trnQrps16) DNA followed by an ancestral area reconstruction and a fossil calibrated molecular
clock.
MATERIALS AND METHODS
Taxa sampling—A total of 27 accessions were included in the analysis. The ingroup
included 23 samples of Trichocline (23 species), one sample of Lulia nervosa, and two
species of Brachyclados (B. caespitosus (Phil.) Speg. and B. lycioides D. Don). Extensive
fieldwork allowed us to use fresh leaf tissue for extractions except for T. deserticola
Zardini, which came from herbarium material. Some of the species had their sequences
downloaded from Genbank (both species of Brachyclados, T. auriculata (Wedd.) Hieron.
and T. boecheri Cabrera), or had their DNA extracted from herbarium material (T. aurea,
T. dealbata (Hook. & Arn.) Griseb. and T. sinuata). Chaptalia piloselloides (Vahl) Baker
were used as the outgroup. The selection of the taxa for the ingroup and outgroups was
based on the studies of Panero & Funk (2008), Baird et al. (2010), and Pasini et al. (2016).
The species voucher number and locality, and Genbank numbers are listed in Table 1.
DNA extraction, amplification and sequencing—Plastid and nuclear DNA sequences
of the ITS, ETS, trnL-F, trnL-rpl32, trnH-psbA, trnQ-rps16, the 5’ extremity of the ndhF
and matK were obtained from silica dried leaf material or herbaria specimens. The
molecular work was performed in the Laboratory of Analytical Biology (LAB) at the
Museum Support Center (MSC) of the Smithsonian Institution, National Museum of
Natural History (NMNH), Washington, DC. We disrupted 30 mg of dried leaf material and
placed it in a tube with a 5 mm diam. bead for centrifuging with Fast Prep FP120 (Thermo
Fisher Scientific, Waltham, Massachusetts, U.S.A.), which was set at 2 m/s for 60 s. We
then isolated the DNA with DNeasy Plant Mini Kit (Qiagen Inc., Valencia, California,
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USA) following the standard protocol indicated by the manufacturer. A modified protocol
was used for herbarium samples, where the incubation period was extended to 40 min at
45°C and a total of 30 µl of 20 mg/ml proteinase K was added. The following primers were
used: ITS – Downie & Katz-Downie (1996) and White & al. (1990); ETS – Bonifacino &
al. (2011); trnL-trnF – Taberlet & al. (1991); trnL-rpl32 – Timme & al. (2007); ndhF –
Panero & Funk (2008); trnH-psbA – Shaw & al. (2007); trnQ-rps16 – Timme & al.
(2007); and matK – Panero & Funk (2008). For the polymerase chain reaction (PCR) mix
we used 2.5 µl of 10 x PCR buffer of Green GoTaq buffer from Promega (Madison,
Wisconsin, U.S.A.), 2 µl of 10 mM dNTPs (Bioline, Taunton, Massachusetts, U.S.A.),
1.25 µl of 50 mM MgCl2, 0.5 µl of 10 mg/ml Bovine Serum Albumin (Sigma, St. Louis,
Missouri, U.S.A.), 1 µl of a 10 µM concentration for both forward and reverse primers, 0.2
µ l of Taq DNA polymerase (5 units/µl of GoTaq from Promega), 2.5 µ l of template DNA,
and water 14.05 µl of sterile, with a total volume of 25 µl. The reactions were executed in a
Veriti PCR Thermal Cycler (Life Technologies, Applied Biosystems). Molecular markers
and amplification protocols are indicated in Table 2.
Phylogenetic analysis—Sequences were edited in Sequencher v.3.0 (Gene Codes,
Ann Arbor, Michigan, U.S.A.) and aligned with MUSCLE (Geneious 8.0.5), followed by a
manual gap alignment. We analyzed all the molecular markers datasets, both separately
and combined, using Parsimony (PAUP* v.4.0b10 – Swofford 2011) and Bayesian
Inference (MrBayes v.3.1.2 - Ronquist et al. 2011). We compared the topology of the
separate markers to search for incongruences, and no supported difference in the taxa
placement was observed. Therefore we used the concatenated dataset and topology for
results interpretation. For Parsimony analysis we used tree-bisection reconnection (TBR)
branch-swapping algorithm with 10,000 random additions, holding one tree at each step.
Bootstrap support at the nodes was considered as follows: ≤ 80 % low; 81–90 % moderate;
91–100 % high. In order to assess the models of evolution Bayesian Inference analysis we
used Akaike information criterion implemented in jModelTest v.2.1.7 (Posada 2008;
Darriba & al. 2012). We used the following models for each dataset: ITS – TIM2ef + Γ;
ETS – GTR + Γ; matK, ndhF, trnQ-rps16 – K81uf + Γ; trnH-psbA – TIM2; trnL-rpl32,
trnL-trnF – TVM + Γ. The most complex model indicated by jModelTest v.2.1.7 was the
GTR + Γ and therefore we used it for the combined dataset analysis of BI. The BI analysis
was performed in MrBayes v.3.1.2 (Ronquist et al. 2011). The Markov Chain Monte Carlo
(MCMC) analysis was set to two independent runs, each with one cold and three heated
chains. We set for 10 million generations to be sampled every 100 trees with a burn-in of
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5000 trees. The tree strict consensus tree with the posterior probabilities of each node were
calculated with the sump and sumt function. We used FigTree v.1.4 (Rambaut 2012) to
edit the trees. Clades with posterior probability were considered as follows: BI = < 0.95
low; 0.95–.97 moderate; 0.98–.1.00 high.
Secondary calibrations and BEAST priors—In order to estimate the ages of
diversification of Trichocline and allied genera, we performed a molecular clock and
divergence time estimation analysis using BEAST v.1.8.1. We set four secondary
calibration points based on the phylogeny of the Gerbera-Complex (Asteraceae,
Mutisieae) presented by Pasini et al. (2016). The authors used three primary calibration
points, one from the macrofossil of Raiguenrayum cura Barreda, Katinas, Passalia &
Palazzesi, (Barreda et al. 2009), and the other two from pollen fossil, one from the tribe
Nassauvieae – Huanilipollis cabrerae Barreda & Palazzesi (Barreda & al. 2008, 2010 a,b),
and the other from a specimen that presents a series of synapomorphies with the genus
Mutisia – Mutisiapollis patersonii Macphail & Hill (Macphail and Hill, 1994; Macphail
and Stone, 2004 and Barreda & al., 2010 a, b). The calibration points used in the present
study were: 1 – the node corresponding to Gerbera-Complex, which in this study is
represented by the outgroup, Chaptalia piloselloides and the ingroup Lulia + Brachyclados
+ Trichocline, and the priors were as folows: mean value=24.5 Ma; and standard
deviation=2.0; 2 – Clade A of the Gerbera-Complex, i.e. Lulia + Brachyclados +
Trichocline, which was set to a mean=18.0 Ma; and standard deviation=2.5; 3 – the
Brachyclados + Trichocline clade, which was set as follows: mean=13.84 Ma; and
standard deviation=1.5; and; and finally, 4 – the clade containing all the species of
Trichocline, set as follows: mean=10.0 Ma; and standard deviation=2.0. We specified a
normal distribution prior in our calibration, following the guidelines for secondary
calibration in BEAST v.1.8.1 manual. We used an uncorrelated lognormal rate change and
relaxed molecular clock, and set the analysis to run a total of 20 million generations, where
the parameters were sampled every 1000 generations. After that, the trace file was
observed in Tracer v.1.6.0 in search for the effective sampling size (ESS), and
consequently all the parameter values were higher than 200. The trees were summarized in
TreeAnnotator v.1.8.1 and the final tree was edited in FigTree v.1.4.2.
Biogeographic analysis—We established eight areas of endemism, adapted from
Cabrera and Willink’s (1975) South American Biogeographical Provinces according to the
species distribution, as follows: A – Andean-Patagonian; B – Chacoan; C – Chilean; D –
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Desert; E – Espinal; F – Pampean; G – Atlantic-Paranaense; and H – Subantartic. In order
to reconstruct the ancestral area of Trichocline and allied genera, we used a DispersionExtinction-Cladogenesis (DEC) model estimated by Lagrange (Ree & Smith 2008) and
implemented by RASP v. 2.1b (Reconstruct Ancestral State in Phylogenies, formerly SDIVA; Yu & al., 2010, 2013). We used the BI trees calculated in MrBayes v.3.1.2 for this
analysis. Areas of endemism of each species are indicated in figure 3, at their respective
terminals.
Morphological character state evolution—We scored morphological traits in order to
reconstruct the ancestral characters and their evolutionary history within Trichocline and
allied genera (Brachyclados and Lulia). Morphological characters were surveyed through
field observations and herbarium material analysis from the following herbaria: CRI,
CNPO, CORD, CTES, FLOR, FURB, HAS, HB, HBR, HURG, ICN, LIL, LP, MBM,
MO, MPUC, MVFA, MVJB, MVM, P, PACA, RSPF, S, SALLE, SI, SMDB, SPF, US
(Thiers…). In addition to that, we consulted high-resolution images of specimens available
on websites of the B, G, GH, P and S herbaria. Herbarium A are in accordance to Thiers
(2015+). The characters were coded as follows: Character 1 – Habit: caulescent (0);
acaulescent (1). This is one the most variable characters within the species of Trichocline,
and is the main character used to separate Trichocline from the allied genera Brachyclados
(shrubs and subshrubs) and Lulia (caulescent, with alternate leaves) (Zardini 1980; Katinas
2008). Despite that, a few Andean species of Trichocline, present a caulescent habit, with a
thin and short stem, with alternate leaves. Character 2 – Scape size: < 30 cm (0); = > 30120 cm (1). Character 3 – Xylopodium: absent (0); present (1); Character 4 – Phyllaries
morphology: homogeneous (0); heterogeneous (1); Character 5 – Ray florets color: white
(0); yellow or orange (1); red (2); Character 6 – Receptacle surface: foveolate-alveolate;
(1) foveolate-fimbriate; Character 7 – Cypsela: rostrate (0); truncate (1). Character score of
each species is shown in Figure 6. These characters were elected for being the most
variable within Trichocline and allied genera Brachyclados and Lulia. To assess the
character state evolution and ancestral state reconstruction of Trichocline, we used a
Maximum Likelihood optimization, implemented by Mesquite v.3.0.4 (Madison &
Madison 2015), using the tree from the Bayesian analysis implemented in BEAST of the
combined dataset. For character state optimization, we used the evolution model MK1
(Schluter et al. 1997; Pagel 1999), which provide the same probability changes among the
character states.
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RESULTS
Phylogenetic analysis—Characteristics of the separate and combined datasets of both
nuclear and plastid markers are provided in Table 3. Regarding the nuclear dataset, there
were no supported incongruences between the ITS and ETS (Fig. S1A, S1B: Electronic
Supplement), and as expected, the combined nuclear dataset yielded a much more resolved
topology than the separate ones, showing high Bootstrap (BS) and Posterior Probability
(PP) support values for most of the nodes (Fig. S2A, S3A). The combined nuclear dataset
generated 11 most parsimonious trees in 391 steps, and a total of 1264 sites, of which 163
characters were parsimony-informative, consistency index (CI) of 0.51 and retention index
(RI) of 0.58 (Fig. S2A, S3A, Table 3). Variables of the separate and combined plastid
markers datasets are presented in Table 3. The combined dataset of the chloroplast yielded
a much less resolved tree than the nuclear dataset, with only a few of the nodes with high
support values (Fig. S2B, S3B). The combined chloroplast dataset yielded 4576 most
parsimonious trees, with 195 steps and a total of 7031 characters, of which 109 were
parsimony-informative. The strict consensus tree had a CI of 0.60 and RI of 0.70. The
separate topologies produced by Parsimony (P) and Bayesian Inference (BI) analysis of the
nuclear and chloroplast datasets are shown in figure 2A, B (BI) and 3A, B (P) of the
Electronic Supplements.
After comparing the consensus trees of the nuclear and plastid datasets, generated by
the P and BI analysis, we found no major incongruences between them, and therefore
proceeded to combine both datasets. The combined dataset presented two equally
parsimonious trees with 567 steps, and a total of 8132 characters of which 2720 were
parsimony-informative. The strict consensus tree had a CI of 0.53 and RI of 0.60. As
expected the combined matrix provided a much more resolved backbone phylogeny, where
similar nodes share high values for both BS and PP (Fig. 4). Both separate and combined
analyses show a monophyletic Trichocline, with a full supported node (N5 - BS = 100% /
PP = 1.00, Fig. 4). Lulia is nested outside Trichocline, and is sister to Brachyclados +
Trichocline (N2 - BS = 100% / PP = 1.00, Fig. 4). The monophyly of Brachyclados is fully
supported (N4 - BS = 100% / PP = 1.00, Fig. 4) and it is the sister group of Trichocline
(N3 - BS = 100% / PP = 1.00, Fig. 4), which was also shown in previous studies (Panero &
Funk, 2008; Pasini et al., 2016). The stem node of the clade formed by the two high
elevation Andean species, T. caulescens Phil. and T. macrorrhiza Cabrera, stand out as the
earliest divergent lineage within the genus, with full statistical support values (BS = 100%
/ PP = 1.00; Fig. 4). Furthermore, T. aurea, once placed in section Amblysperma, is located
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just above the high elevation clade and is the sister of the remaining 19 species of
Trichocline. This node is also fully supported (BI: N6 – BS = 95% / PP = 1.00, Fig. 4).
Node N8, the clade formed by the Andean species T. boecheri, T. cineraria (D. Don)
Hook. & Arn. and T. dealbata is fully supported (BI: N8 - BS = 100% / PP =1.00, Fig 4),
however, the node that indicates the relationships of this clade with the rest of Trichocline
has a low support for P and is not supported by BI (N7 - BS = 62% / PP = 0.64, Fig. 4).
Trichocline auriculata (N10), a species that inhabits high elevation areas of the Andes in
Argentina, is the sister taxon to a clade formed mostly by southeastern South American
species (except for T. exscapa Griseb., T. plicata Hook. & Arn. and T. reptans (Wedd.)
Hieron., which are nested inside this clade, but occur along the Andes), and this
relationship is fully supported (N10 - BS = 100% / PP = 1.00, Fig. 4). Trichocline exscapa,
an Andean-Chacoan species, is shown as the sister taxon to the rest of Trichocline in a
node fully supported only by PP (N11 – BS = 72% / PP = 1.00, Fig. 4). T. plicata, T.
reptans and T. sinuata, form a well supported clade only with BI (N13, Fig. 4), and the
topology shows it as the sister group of the Pampean and Southern Brazilian Plateau
species, however, the node is not supported (N12 – BS = - / PP = 0.65, Fig. 4). The
Pampean species, T. maxima Less., T. heterophylla, T. humilis and Trichocline minuana,
form a well-supported clade based only on BI (N15 – BS = - / PP = 0.97, Fig. 4). The
Pampean T. incana, which is the type species of the genus, is shown to be the sister taxon
of the South Brazilian Plateau endemic species plus the pampean T. cisplatina, however,
only supported by PP (BS = - / PP = 0.99, Fig. 4). The species that occur along the South
Brazilian Plateau are nested in a clade supported only by PP (N17 – BS = - / PP = 0.98,
Fig. 4). Clade N18 is divided into two groups, the Cerrado species, T. linearifolia and T.
speciosa (BS = - / PP = 0.89, Fig. 4) form a clade that is the sister group of the exclusively
Southern Brazilian Plateau species, T. catharinensis, T. discolor, T. macrocephala, and the
Pampean T. cisplatina (N18 – BP = - / PP = 0.98, Fig. 4). The Southern Brazilian Plateau
species + T. cisplatina clade is fully supported by PP (N19 – BS = 77 %).
Node age estimation—The divergence time estimation analysis yielded posterior and
prior probabilities with effective sample size (ESS) of 1742 and 520 respectively. The
likelihood of the model applied in the analysis showed an ESS of 3454, and the calibration
points ESS was: 1037 for calibration point nº 1; 704 for calibration point nº 2; 3852 for
calibration point nº 3 and nº 4. Based on the combined dataset, the split between Lulia and
Brachyclados + Trichocline occurred in the early Miocene, around 17 Ma (95 % HPD =
13.6 – 20.6 Ma, Fig 5). The split between Brachyclados and Trichocline is estimated in
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approximately 12.7 Ma, in the middle Miocene (95 % HPD = 10.5 – 14.8 Ma, Fig. 5), and
Brachyclados has likely diversified in the late Miocene, around 7.1 Ma (95 % HPD = 3.0 –
11.7 Ma, Fig. 5). Trichocline probably originated in the late Miocene, with the crown node
dated at around 9.5 Ma (95 % HPD = 7.1 – 12.1 Ma, Fig. 5). The stem node of the earliest
divergent clade, formed by the Andean species T. caulescens + T. macrorrizha, likely
originated at approximately 9.5 Ma, however its crown node was estimated much later,
around 2.4 Ma in the Pleistocene (95 % HPD = 0.4 – 5.7 Ma, Fig. 5). The split between T.
aurea and the rest of Trichocline was dated at around 7.7 Ma (95 % HPD = 5.5 – 10.1 Ma,
Fig. 5), and the crown diversification of the Andean clade T. boecheri + T. cineraria and T.
dealbata was around 3.5 Ma in the Pliocene (95 % HPD = 1.5 – 6.0 Ma, Fig. 5). The clade
T. plicata + T. reptans + T. sinuata, and T. heterophylla + T. humilis + T. maxima + T.
minuana present similar diversification period of around 2.4 Ma (95 % HPD = 0.46 – 6.7
Ma, and 0.48 – 5.8 Ma, respectively, Fig. 5). The clade represented by the Southern
Brazilian Plateau species, T. catharinensis, T. discolor and T. macrocephala plus the
Pampean T. cisplatina, was dated at around 1.0 Ma (95 % HPD = 0.4 – 1.7 Ma, Fig. 5) in
the Pleistocene.
Ancestral area reconstruction—The DEC reconstruction suggests that the ancestral
area of the common ancestor of Brachyclados, Lulia and Trichocline was likely the
Andean-Patagonian and Atlantic-Paranaense areas (AG), where an event of vicariance is
evidenced by the analysis (N2, Fig. 5). The Andean-Patagonian region is indicated as the
ancestral area of Brachyclados + Trichocline at the N3 (Fig. 5), and the analysis suggests
that Trichocline has also originated in the Andean-Patagonian area, where most of the
early divergent lineages diversified (N5, N7, N8, N9, N10, N11, Fig. 5). The split between
T. aurea and the rest of Trichocline, shows a dispersal event from the Andean-Patagonian
(A) to Chilean and Subantartic areas (CH), followed by events of vicariance between area
A and areas CH (N7, Fig. 5). The ancestral area remained in A along N8, N9 and N10,
where the diversification of clade T. boecheri + T. cineraria + dealbata most likely have
occurred (Fig. 5). A main event of dispersal at N11 from area A to areas AB is evidenced,
and in the next level of the topology at N12, the analysis also show the Andean-Patagonian
and Chacoan (AB) as the ancestral areas of the clade T. exscapa + the rest of Trichocline
(Fig. 5). According to the DEC results, this clade has most likely diversified through two
dispersal events, one from areas AB to B and another from areas ABF to B (Fig. 5). At the
next level of the topology, the most likely ancestral area remained in the Chacoan +
Pampean region (BF) (N13, Fig. 5), and furthermore the clade of N14 have remained in the
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Chacoan area and diversified (Fig. 5). At the N15 (Fig. 5) is possible to observe that the
clade T. maxima + T. heterophylla + T. humilis and T. minuana have remained in the
Pampean region where it diversified (N15, N16, N17, Fig. 5). Moreover, it is possible to
observe that the Pampean region is the most likely ancestral area of the latest divergent
clade (N18, Fig. 5), where a main event of dispersal from this area to the AtlanticParanaense region is evidenced (N18, N19, N20, Fig. 5). Finally, a last event of dispersal
of the clade T. catharinensis + T. cisplatina + T. discolor + T. macrocephala from A back
to B is shown, however the ancestral area of this clade remained as AB, as some of the
species occur in both areas (N20, N21, N22, Fig. 5).
Ancestral character state reconstruction—The ancestral character analysis
reconstructs the nodes of Lulia and Brachyclados and the root node of Trichocline (Fig. 6,
N2, N3, N4 and N5, Fig. 6) as caulescent herbs (Fig. 6 – Character 1), and all the other
nodes of Trichocline as acaulescent herbs. Small scape (Fig. 6 – Character 2, state 0) is
reconstructed as ancestral within Trichocline, and the presence of a large scape (>= 30 cm,
state 1) is observed in more derived nodes where most of the Southern Brazilian species
are placed (N14, N15, N16, N17, Fig. 6). The presence of xylopodium (Character 3, state
1, Fig. 6) is reconstructed as the ancestral state at the root nodes of Lulia, and
Brachyclados + Trichocline (N2, N3 and N5, Fig. 6), which is expected given that only
Lulia and two species of Brachyclados do not present this character. A reversal from
absence to presence of xylopodium (N4, Character 2, Fig. 6) is evidenced in Brachyclados
sp within the Brachyclados clade. The ancestral state of phyllaries morphology (Character
4, Fig. 6) is reconstructed as morphologically homogeneous phyllaries at the root and
backbone nodes of Trichocline (Character 4, N5, N6, N7, Fig. 6). On the other hand the
morphological differentiation between outer and inner phyllaries, i.e. charater 4, state, is
present in most of the derived nodes of the phylogeny (N11 – N21, Fig. 6). The character
yellow or orange colored ray florets (Character 5, state 0, Fig. 6) is reconstructed as the
ancestral state of Trichocline, where is present in the basal clades of the genus, and in
Brachyclados and Lulia. White or orange colored ray florets character state (Character 5,
state 1, Fig. 6) is interpreted as a sinapomorphy of the clade T. boecheri + T. cineraria +
T. dealbata (N8 and N9, Fig. 6), however is also observed as independently derived in T.
auriculata (Fig. 6). The red or orange colored ray florets (Character 5, state 2, Fig. 6) are
indepentently derived only within two species, T. macrocephala and T. reptans (Fig. 6).
Foveolate-alveolate receptacle (Character 6, state 0, Fig. 6) is reconstructed as the ancestral
state of Trichocline, at N5, (Fig. 6), being also present at the next two backbone nodes, N6
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and N7 (Fig. 6). Among the derived clades of Trichocline a transition from foveolatealveolate to foveolate-fimbriate receptacle (Character 6, states 0 and 1, respectively, Fig. 6)
is most likely to be a synapomorphy of the clade formed by eastern South American
species (N12, Fig. 6). Truncate cypsela is reconstructed as ancestral state of the clade
Brachyclados + Trichocline (N3, Fig. 6), and a transition from rostrate to truncate cypsela
observed at N3, can be interpreted as a synapomorphy for this clade.
DISCUSSION
Phylogenetic relationships—The phylogenetic analysis of both nuclear and plastid
datasets shows that Trichocline is monophyletic, which is also evidenced by morphology.
The genus is nested in the taxonomically challenging Gerbera-Complex, a clade inside the
tribe Mutisieae, which includes genera with wide morphological variation (Katinas 1998,
2004 a, b; Nesom 2004 a, b). Trichocline, on the other hand, stands out as one of the most
morphologically homogeneous genera, presenting conspicuous putative synapomorphies,
such as herbaceous habit and truncate cypselae, surrounded by twin-hair claviform
trichomes. However, there are many other characters that are shared among the species,
like radiate heads, with staminodes in the rays, colorful ray florets, with ligulate-bilabiate
corollas. In general terms, the phylogeny shows a clear distinction between clades that are
the result of early (or basal) lineages and clades that are more highly nested and whose
lineage can be considered more recent. These two areas of the phylogeny, paraphyletic
basal grade and monophyletic crown group, have different areas of endemism. Also, at the
base of the topology (Fig. 4, 5) is possibly to observe clades formed by only one species
(e.g. T. aurea, Fig. 4), with long branches (Fig. 4, B), which could be related with
extinction events in the early stages of the genus diversification.
All of the early branching clades (early divergent lineages) are found in the Andes, in
contrast, the species within the highly nested group (N12 in Fig. 4) are found in eastern
South American (i.e. South Brazil, Argentinean and Uruguayan Pampas, and south
Brazilian Plateau). Both groups, Andean and Eastern can be divided into subgroups. This
contradicts Zardini’s (1975) idea that the origin of Trichocline was in Southern Brazil
followed by a migration into the Andes.
The members of the earliest divergent lineage, T. caulescens + T. macrorrhiza, have a
caulescent habit, which is a unique in the genus and is also present in the related genera
Brachyclados and Lulia, however in these two the habits are shrubs or subshrubs and
caulescent herbs with alternate leaves respectively (Fig. 4). Trichocline deserticola was the
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only species that was not included in the analysis, however, we think this species is nested
within the early divergent clades of the genus because it also has a caulescent habit, and is
sympatric with T. caulescens. In fact, the long-branch supporting T. caulescens + T.
macrorrhiza (Fig. 4B) may be partially caused by the absence of T. deserticola. However,
it seems to assume, because the caulescent habit is restricted to the earliest divergent
lineage, and Lulia, that it could be interpreted as a plesiomorphic condition for the habit
(Fig. 4).
The present phylogeny disagrees with the sections proposed by Zardini (1975),
because T. aurea, which was included in the separate section Amblysperma, is now nested
inside the section Trichocline (Fig. 4). This species is the only one to have smooth anther
filaments and a conspicuously thickened scape base. Its exact phylogenetic relationship
within the genus is still unresolved because of the lack of support in the node above (Fig.
4). The systematic positioning of Lulia nervosa, however, agrees with the concept of
Zardini (1980), in that she segregated the species in a separate genus. A significant number
of fully supported nodes at the base of the topology (Fig. 4) is evidenced, and the
relationship of Lulia as sister to Brachyclados + Trichocline, and Brachyclados as sister to
Trichocline is clear. Brachyclados has floral characters that are very similar to the ones in
Trichocline – bilabiate, yellow ray floret corollas, truncate cypselae, and presence of
staminodes in the rays – and one might be inclined to merge them into a single genus. In
fact, there is no floral character that separates one genus from the other. However, they are
very different in their vegetative morphology: Brachyclados has a shrubby to sub shrubby
habit (vs. herbaceous habit in Trichocline) (Fig. 4), and the presence of unique, highly
adapted leaves, i.e. brachyblasts, allied with the distribution (restricted to Patagonia).
Adding Brachyclados to Trichocline would reduce the utility of both genera and seems
prudent to leave them as separate entities.
The phylogeny at node N7 is not well supported (Fig. 4). This node indicates the
relationship between another early divergent clade of Andean species, T. boecheri + T.
cineraria + T. dealbata, and the rest of the genus (Fig. 4). The three species are sympatric
and morphologically similar, varying mostly in the color of the ray florets. They occupy
high elevation areas of central Andes, occurring in dry and rocky soils. Other Andean
species, such as T. exscapa, are nested separately in the phylogeny, and have sessile heads
as a putative synapomorphy.
In regard to the monophyletic group that is restricted to the eastern parts of the
distribution (Fig. 1B), clades like T. plicata + T. reptans + T. sinuata, first diversified.
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These three species are sympatric and have undulate leaves, that are tomentose on both
surfaces, and yellow or red (only T. reptans) ray florets. Trichocline reptans is possibly
one of the most widespread species within the genus, and is widely used for ethnobotanical
purposes.
The next level of the phylogeny shows the separation of two well-supported clades,
which diversified in two different areas, the Pampean lowlands in Argentina, Uruguay and
South Brazil, and the South Brazilian Plateau highland grasslands and Cerrado. The clade
formed by T. maxima + T. minuana + heterophylla + T. humilis is well supported and the
species are sympatric, occurring along the lowland grasslands of the Pampas. They are
generally found in rocky grasslands, in dry soils, often associated with shrubby forests. In
terms of morphology, they all present strongly lobed leaves and glabrous scapes without
bracts. The other clade is formed by the Pampean T. incana (which is the type species of
the genus), two species that are endemic to the Cerrado in Brazil, T. linearifolia and T.
speciosa, and four other species that are very similar in morphology: T. cisplatina, T.
catharinensis, T. discolor and T. macrocephala. These four last species together with T.
linearifolia and T. speciosa form a well-supported clade, presenting a fimbriate-alveolate
receptacles as a putative synapomorphy. The species within this clade have well-developed
phyllaries, with the outer ones larger than the inner ones, and well-developed scapes and
heads, with colorful ray corollas (red, yellow or orange), which in the case of T.
macrocephala (red ray florets) are very conspicuous. These species occur in higher
latitudes, often found in rocky outcrops in highland grasslands associated with Araucaria
Forest. However, inside this clade, T. cisplatina is the only one that occurs lowland
grasslands in the Pampas of South Brazil and Uruguay.
Node age estimation and biogeography—The DEC and BEAST analyses show that
the extant members of the Brachyclados + Trichocline clade originated and diversified in
the Andean-Patagonian region around 12.69 Ma in the mid Miocene (N3, Fig. 4, 5). We
decided to group the Andes and Patagonia in ancestral area A, but it is more likely that
Brachyclados diversified in the Patagonian region, and Trichocline further north in the
Andes. Despite that, their sister genus Lulia most likely originated in the AtlanticParanaense region, around 16.92 Ma, during the early Miocene (N2, Fig. 5). Therefore, the
ancestor of Lulia, as well as the ancestor of Brachyclados + Trichocline could have
occurred somewhere between areas A and G (N2, fig. 5). During the middle and late
Miocene, three successive marine transgressions of the Atlantic Ocean eventually formed
the Paranean Sea (Ortiz-Jai squarureguizar & Cladera 2006), which isolated eastern
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Argentina, western Uruguay and southern Brazil and Paraguay, and southeast Bolivia,
from areas further in the west and north (Pascual 1996; Apodaca et al. 2015). The
formation of this barrier and subsequent speciation of the three genera is evidenced by a
vicariance process indicated in our topology at N2 (Fig. 5). This process could have led the
speciation of Lulia, Brachyclados and Trichocline, the ancestor of the last two to colonize
southern, more temperate regions of Patagonia and southern Andes.
Our analysis shows that the extant species of Trichocline most likely originated in the
Andes around 9.5 Ma, with the early divergent lineages forming a grade, which could be
associated with the formation of different niches during the orogeny of the Andes in the
late Miocene (N5, Fig. 5). During the late Miocene, when the early divergent lineages of
Trichocline diversified (N5, Fig. 5), the Andean orogeny was going through an uplift
phase, in which the vegetation structure was changing from tropical forests to dry
herbaceous and shrubby vegetation (Apodaca et al. 2015). It is well known that during the
middle to late Miocene processes of aridification were also taking place in the Andes,
because of tectonic and climatic factors (Barreda & Palazzesi 2007; Apodaca et al. 2015).
This process led to an increase of xerophytic-adapted species, such as representatives of
Asteraceae (Barreda & Palazzesi 2007), more precisely the subfamily Mutisioideae,
including Trichocline. Also, this shift in climate and vegetation structure, and the
consequent appearance of new niches could have driven the colonization of Trichocline in
different elevations of the Andes. The adaptation to cold and dry areas is evidenced in
Trichocline by the presence of an extensive subterraneous system in the form of a
xylopodium, and the early lineages of the genus (i.e. Andean species) have smaller leaves,
rugose and coriaceous leaves limbs, and are smaller in size (e.g. habit, heads and scapes).
Furthermore, after the retraction of the Paranean Sea during the early Pliocene (11-3 Ma),
widespread areas of plains began to form, reaching northern Patagonia, central and
northern Argentina and Uruguay (Marshall et al. 1983; Pascual et al. 1996). This process
contributed to the formation of open habitats further east, in which the species of
Trichocline have colonized. This is evidenced at N10, N11, N12 and N13 (Fig. 5). Species
such as T. plicata and T. sinuata, occur in dry open grassland, in mid elevation areas of the
Andes, Pampas and Chacoan regions. Also, at the next level (N13, N14, Fig. 5) of the
topology, it is possible to observe a colonization of open grasslands regions by Pampean
and Atlantic-Paranaense clades (N14, N15, N16, N17 and N18, Fig. 5) that started to
increase in Southern Brazil, Uruguay and northeast Argentina, right after the Mid-Miocene
Climatic Optimum, in approximately 15 Ma (Iganci et al. 2013). The colonization of
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higher latitudes in the highland grasslands of the Atlantic Rain Forest and Cerrado Domain
(N18, N19, N20 and N21, Fig. 5), are most likely linked with the increase of C4 grasses
during the Pliocene, which led to the expansion of large areas of subtropical and tropical
high altitude grasslands (Cerling et al., 1997; Beerling and Osborne, 2006; Stromberg,
2011; Iganci et al. 2013). Many other studies have found the same pattern of Andean origin
and posterior dispersal to tropical highland grasslands of Southern Brazilian Plateau
(Iganci et al. 2013; Apodaca et al. 2015). In fact, the Southern Brazilian species present a
much developed xylopodium, which is an adaptation to fire events that were getting much
frequent with the expansion of C4 grasses during the Pliocene. Also, their larger leaves,
scapes and heads, with expanded phyllaries could have also been adaptations to more
tropical, warm and wet environments, such as the South Brazilian highland grasslands and
the Cerrado.
Ancestral state and evolution of key characters
Regarding the habit, caulescent herbs were reconstructed as ancestral of Trichocline,
which is expected given that both Brachyclados and Lulia, presents this type of growth
form. Besides that, the only two species of Trichocline that present caulescent habit with
alternate axillary leaves, T. caulescens and T. macrorhiza (and T. deserticola that was not
sampled in the present work), form the clade which the stem node is the earliest divergent
within the genus (N5, Fig 4, 5, 6). The rest of Trichocline (20 species) are herbaceous
herbs with leaves gathered in a basal rosette. Therefore, it is clear that the major shift from
caulescent to acaulescent evidenced in N5 and N6 (Figs. 6), could have influenced the
speciation rates within the genus and was decisive for the species to colonize different
environments. Another character that could have influenced the evolutionary success of
Trichocline (23 species) in comparison to Brachyclados (three species) and Lulia (one
species) is the presence of xylopodium, which could be considered as a synapomorphy of
Trichocline. However, it is important to note that one species of Brachyclados shows the
reversion of the absence of this character to its presence (N4, Fig. 6). Species of
Trichocline, especially those that occur in deep, sandy soils, presents an extensive rooting
system (xylopodium) that can reach up to 70 cm, where many rosettes can sprout (Zardini,
1974). This character could have facilitated the colonization of arid regions where water
was scarce. Also, species with extensive rooting system had the advantage of enduring
long lasting fire events that were related to the increase of flammable C4 Poaceae in the
southeastern South American grasslands.
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Zardini (1974) indicated the morphology of phyllaries (Character 4, Fig. 6) as the most
important characters to identify species of Trichocline. In the present analysis we scored
this character as homogeneous and heterogeneous, i.e. outter phyllaries with equal or
different morphologies from the inner ones. The extant Andean species, i.e. the backbone
nodes of Trichocline, present homogeneous phyllaries (D, Fig. 2), that are adpressed to one
another, which can be interpreted as an adaptation to cold and dry environments of the
Andes (I, Fig. 2). This character allied with the presence in some species of trichomes
densely distributed in the leaves and scapes, could have brought the advantage of losing
less moisture through transpiration. On the other hand, the southeastern South American
species present well-developed outer phyllaries and scape bracts (B, C, H, I, Fig. 3), which
could be associated to an increase of photosynthetic surface. Another probable major shift
is related to the presence of alveolate-fimbriate receptacle surface in the southeastern
South American species. The presence of paleaceous-like structures surrounding the ovary
could be an advantage against predation or humidity.
CONCLUSION
The present work constitutes the first phylogenetic analysis of the genus Trichocline,
showing a possible origin and early speciation in the southern Andean region, with later
diversification in Southern Brazil, Uruguay and northeastern Argentina. This scenario
contradicts the evolutionary hypothesis of Zardini (1975). The tribe Mutisieae, in which
Trichocline is placed, was likely to have originated around 45-35 Ma in the Eocene (Baird
et al. 2011, Barreda et al. 2015; Pasini et al. 2016), in which the fossil pollen was
extensively registered at this geological period, and in the Andes (Barreda et al. 2009, 2010
a). Trichocline, however, diversified much more recently, (around 10 Ma) and its
speciation is clearly linked with the late stages of the Andes orogeny and the climatic and
geological processes that shaped the distribution of grasslands in Southern Brazil, eastern
Argentina and Uruguay. The genus constitutes a perfect model for studies in evolution of
Andean flora, and recent colonization of subtropical and temperate highland grassland of
Brazil.
Finally, most species of Trichocline are endemic and only a few are widespread.
Those with restricted distributions are often found outside protected areas and therefore,
are vulnerable to human impact. The present work higlights the lowland grasslands of
Southern Brazil, Argentina and Uruguay and highland grasslands of the Brazilian Plateau
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as an important diversity hotspot of the genus, and therefore represent a significant
contribution to future projects about conservation of the species.
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Table 1. List of species with their respective voucher information, and GenBank number
of each molecular marker.

ITS

ETS

trnL-F

trnL-rpl32

trnHpsbA

trnQrps16

ndhF

matK

Bonifacino
459

-

-

EU385044.1

-

-

-

-

EU385329.1

Argentina

Bonifacino
800

EF530224.1

-

EF530270.1

-

-

-

-

-

Brachyclados
sp.

Argentina

Pasini
1029

-

-

####

####

####

####

####

####

Chaptalia
piloselloides
(Vahl) Baker

Uruguay

Pasini
1001

####

####

####

####

####

####

####

####

Lulia nervosa
(Less.)
Zardini

Brazil

Pasini
1003

####

####

####

####

####

####

####

####

Trichocline
aurea Reiche

Chile

Hellwig
9094

GU126789.1

-

-

GU126766.1

-

-

-

-

Trichocline
auriculata
Hieron

Argentina

Simon &
Bonifacino
633

####

-

####

-

####

-

-

####

Trichocline
boecheri
Cabrera

Argentina

Bonifacino
142

####

-

####

-

####

-

-

####

Trichocline
catharinensis
Cabrera

Brazil

Pasini 915

####

####

####

####

####

####

####

####

Trichocline
caulescens
Phil.

Chile

Funk
13055

####

####

####

####

####

####

####

####

Trichocline
cineraria
Hook. & Arn.

Argentina

Pasini
1027

####

####

####

####

####

####

####

####

Trichocline
cisplatina E.
Pasini &
M.R. Ritter
Trichocline
dealbata
(Hook. &
Arn.) Griseb.
Trichocline
discolor
Cabrera

Brazil

Pasini 929

####

####

####

####

####

####

####

####

Argentina

Boecke
11647

-

-

####

-

####

####

-

-

Brazil

Pasini
1001a

####

####

####

####

####

####

####

####

Trichocline
exscapa
Griseb.

Argentina

Pasini
1030

####

-

####

####

####

####

####

####

Trichocline
heterophylla
Less.

Uruguay

Pasini 963

####

####

####

####

####

####

####

####

Taxon

Country

Brachyclados
caespitosus
(Phil) Speg.

Argentina

Brachyclados
lycioides D.
Don

Voucher
number
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Trichocline
incana Cass.

Uruguay

Pasini 964

####

####

####

-

-

-

####

####

Trichocline
linearifolia
Malme

Brazil

Monge
3223

####

####

####

####

####

####

####

####

Trichocline
macrocephala
Less.

Brazil

Filho s.n.

####

####

####

####

####

####

####

####

Trichocline
macrorhiza
Cabrera

Argentina

Gutierrez
595

-

-

####

-

####

####

-

-

Trichocline
maxima Less.

Uruguay

Pasini
1019

####

####

####

####

####

####

####

####

Trichocline
minuana E.
Pasini

Uruguay

Ferreira
873

####

####

####

-

####

####

####

####

Trichocline
plicata Hook.
& Arn.

Argentina

Pasini
1023

####

####

####

####

####

####

####

####

Trichocline
reptans
(Wedd.)
Hieron.

Argentina

Pasini
1025

####

####

####

####

####

####

####

####

Trichocline
sinuata (D.
Don) Cabrera

Argentina

Villamil
3294

####

-

-

-

-

####

-

-

Brazil

Pasini
1005

####

####

####

####

-

####

####

####

Trichocline
speciosa
Less.
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Table 2. Markers used in the analysis and PCR conditions (IP = initial pre-heating; DD =
DNA denaturation; PA = primer annealing; DNA extension = DE; final extension = FE).

Marker

ITS

ETS

trnL-trnF

trnL-rpl32

trnH-psbA

Primers and sequences 5’–3’

Reference

ITS5A: GGAAGGAGAAGTCGTAACAAG G
ITS4: TCC TCC GCT TAT TGA TAT GC
18S: ACTTACACATGCATGGCTTAATCT

White et al. (1990)
Bonifacino &

PCR protocol (IP; DD; PA; DE;
FE)
95º C – 1’; 54º C – 1’; 72º C – 1’;
72º C – 10’; 40
97º – 1’; 97º – 10’’; 55º – 30’’; 72º

Ast8: TTCTCTTCGTATCGTGCGGT

Funk (2012)

– 30’; 72º – 7’; 40

trnL-Fc: CGAAATCGGTAGACGCTACG

Taberlet et al.

94º C – 1’; 53º C – 1’; 72º C – 2’;

trnL-Ff: ATTTGAACTGGTGACACGAG

(1991)

72º C – 10’; 35

trnL: TACCGATTTCACCATAGCGG

Timme et al.

95º C – 3’; 51º C – 40’’; 72º C –

rpl32: AGGAAAGGATATTGGGCGG

(2007)

1’20’’; 72º C – 5’; 40

F: GTTATGCATGACGTAATGCTC

Shaw et al. (2007)

R: CGCGCATGGTGGATTCACAATCC

94º – 5’; 94º – 30’’; 62º – 40’’; 72º –
2’; 72º – 5’; 40

trnQ-

trnQ: GCGTGGCCAAGYGGTAAGGC

Timme et al.

94º – 5’; 94º – 30’’; 62º – 40’’; 72º –

rps16

rps16x1: GTTGCTTTYTACCACATCGTTT

(2007)

2’; 72º – 5’; 40

ndhF607: ACCAAGTTCAATGYTAGCGAGATTAGTC

Panero & Funk

95º C – 2’; 94º C – 45’’; 58º C –

ndhF1603: CCTYATGAATCGGACAATACTATGC

(2008)

45’’; 72º C – 2’; 72º C – 10’; 40

816F: ATCTTTCAGGAGTATATTTATG

Panero & Funk

95º C – 2’; 94º C – 45’’; 58º C –

1857R: CCAGAGGCATAATTGGAAC

(2008)

45’’; 72º C – 2’; 72º C – 10’; 40

ndhF

3914F: TGGGTTGCTAACTCAATGG
884R: TGTCATAACCTGCATTTTCC
matK

1755F: TCCTATTTTTACCTGTGGTCTCA
trnK: AATTAGTCGGATGGAGTAG
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Table 3. Characteristics of the separate and combined datasets of both nuclear and plastid
markers, and select evolution model for the Bayesian analysis. CI = Consistency index; RI
= Retention index.
Alligned
length

Variable
sites

Tree
lenght

CI

RI

Bayesian
model

ITS

702

122

330

0.49

0.60

TIM2ef+G

ETS

562

46

81

0.60

0.61

GTR+G

trnL-F

918

14

39

0.64

0.86

TVM+G

trnL-rpl32

1067

32

51

0.66

0.75

TVM+G

trnH-psbA

711

19

24

0.83

0.90

TIM3

trnQ-rps16

1063

16

19

0.89

0.96

TPM1uf+G

ndhF

770

8

40

0.22

0.31

TPM1uf+G

matK

2611

21

104

0.80

0.91

TPM1uf+G

Nuclear dataset

1264

163

391

0.51

0.58

TIM2+G

Plastid dataset

7140

109

195

0.60

0.70

GTR+G

Combined nuclearplastid dataset

8404

272

604

0.52

0.60

GTR+G

Marker
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Figure 1. Distribution of Trichocline, divided into two main areas of diversity. A.
Northwestern Argentina, northern Chile and southern Bolivia. B. Southern Brazil, Uruguay
and eastern Argentina.
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Figure 2. Representatives of Brachyclados, Lulia and Andean Trichocline. A. Lulia
nervosa (Less.) Zardini. B, C. Brachyclados lycioides D. Don. D. Trichocline caulescens
Phil. E. Trichocline plicata Hook. & Arn. F. Trichocline cineraria Hook. & Arn. G.
Trichocline dealbata (Hook & Arn.) Griseb. H. Trichocline exscapa Griseb. I. General
habitat in the northern Andes, high altitude grasslands, San Jose Province, Argentina.
Photos credits. A, E, H, I - E. Pasini; B. T. Eyzaguirre; C. D. Testoni; D. M. Diazgranados;
F, G. Courtesy of the Instituto de Botánica Darwinion – IBODA.
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Figure 3. Representatives of Trichocline from South Brazil, Uruguay and eastern
Argentina. A. Trichocline incana Cass. B. Trichocline humilis Less. C. Trichocline
speciosa Less. D. Trichocline maxima Less. E. Detail of the cypsela of Trichocline
maxima. F. Trichocline cisplatina E. Pasini & M.R. Ritter. G. Trichocline catharinensis
var. discolor Cabrera. H. Trichocline heterophylla Less. I. Trichocline macrocephala Less.
J. General habitat, high altitude grasslands, Brazilian Plateau, Santa Catarina State. Photos
credits. A, F, C, J. E. Pasini; B. L. P. Deble; D, E. J. M. Bonifacino; G. S. Bordignon; H.
A. Gonzales; I. C. G. de Borba.
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Figure 4. Phylogeny (A – cladogram; B – phylogram) of the genus Trichocline, showing
the topology of the consensus tree retrieved by the BI analysis of the combined nuclear and
plastid markers. The bootstrap and posterior probabilities support values are shown next to
branches in the order of BI above and Parsimony beneath. “-“ indicates not supported
nodes for that analyis.
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Figure 1. Electronic supplementary material. Topology the consensus tree indicated by the
Bayesian Inference analysis of the nuclear markers: A. ITS; B. ETS.
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Figure 2. Electronic supplementary material. Topology of the consensus tree indicated by
the Bayesian Inference analysis of: A. combined nuclear markers, ITS and ETS; B.
combined plastid markers, trnH-psbA, trnL-F, trnL-rpl32, trnQ-rps16, matK and ndhF.
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Figure 3. Electronic supplementary material. Topology of the consensus tree indicated by
the Parsymony analysis: A. combined nuclear markers, ITS and ETS; B. combined plastid
markers, trnH-psbA, trnL-F, trnL-rpl32, trnQ-rps16, matK and ndhF.
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Abstract: Concerning the genus Trichocline (Asteraceae: Mutisieae), a neotype is
designated for the name Bichenia aurea (≡ T. aurea) and lectotypes are designated for the
names Onoseris heterophylla (≡ T. heterophylla), T. humilis and T. linearifolia.
Nomenclatural and taxonomic information and the IUCN conservation assessments are
given for the four species T. aurea, T. heterophylla, T. humilis, and T. linearifolia. In
addition, a new record of T. heterophylla for Argentina is reported.
Key words: Argentina, South America, nomenclature, lecotype, neotype, new record,
IUCN, conservation status, Asteraceae, Compositae, Mutisieae, Mutisioideae, Trichocline
Introduction
Trichocline Cass. was described by Henri Cassini (1817), based on T. incana (Lam.) Cass.
(≡ Doronicum incanum Lam.). It belongs to the predominantly South American tribe
Mutisieae (Asteraceae), and comprises 23 species, distributed mainly in the Andes and
South of Brazil. The species of the genus are perennial herbs, with broad and
hemispherical involucres, bilabiate corollas, marginal ray florets with staminodes, and
truncate cypselae with short, elliptical twin hairs (Hind 2001; Katinas 2004).
The most extensive revision of Trichocline was made by Zardini (1975), who
provided extensive taxonomic information but without type designations for some of the
names. Other studies such as Katinas et al. (2008) and Pasini & Ritter (2012) also lack type
designations. A taxonomic revision, in progress by the first author, compelled us to
designate types for Bichenia aurea D. Don (≡ T. aurea (D. Don) Reiche), Onoseris
heterophylla Spreng. (≡ T. heterophylla (Spreng.) Less.), T. humilis Less. and T.
linearifolia Malme.
Materials and methods
We have analyzed material from the following herbaria: CNPO, CORD, CRI, CTES,
FLOR, FURB, G, HAS, HB, HBR, HURG, ICN, LIL, LP, MO, MPUC, MBM, MVFA,
MVJB, MVM, PACA, S, SALLE, SI, SMDB, SP, and SPF. In other cases, high-resolution
images of specimens available on websites of the B, G, GH, P, S and US herbaria were
studied. The herbarium codes follow Thiers (2015+). In addition, we conducted a
conservation status assessment of these species using the categories and criteria of the
IUCN (2012). Direct observation of plant populations and analysis of specimens of the
above-mentioned herbaria were used to apply IUCN criteria. The specimens examined
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correspond to all subpopulations (for the definition of “subpopulation” and “location”, see
IUCN, 2014). Area of Occurrence and extent of occurrence were calculated with Kew’s
Geospatial Conservation Assessment Tool (http://geocat.kew.org).
Results and discussion
Trichocline aurea (D. Don) Reiche in Anales Univ. Chile, I, Mem. Ci. Lit. 115: 343. 1904
≡ Bichenia aurea D. Don in Trans. Linn. Soc. London. 16: 237. 1830 ≡ Chaetanthera
berteroana Less., Syn. Gen. Compos.: 111. 1832, nom. illeg. (Art. 52.1). – Protologue: “In
Chili ad Coquimbo. Caldcleugh”. – Neotype (designated here): Chile, “Santiago”, s.d.
(fl.), A. Caldcleugh s.n. (G 00308260! [Fig. 1]).
Nomenclatural and taxonomic notes — Trichocline aurea was first described as Bichenia
aurea by David Don (1830). In the protologue, Don gave the following location for where
the specimen was collected: “In Chile ad Coquimbo. Caldcleugh”. No specimens and no
herbaria were cited. The species description is poor and incomplete, in that the author cited
only the floral features of the plant, such as pappus, number of nerves in the ray floret
corollas and number of series of ray florets. Don (1830) clearly indicated that, by the time
the species were described, he was studying material in Aylmer Bourke Lambert’s
Herbarium. Furthermore, in her article about the sale of this herbarium, Miller (1970)
pointed out that Obediah Rich – a bookseller from London – bought lot no. 15 of Aylmer
Bourke Lambert’s Herbarium in which the Caldcleugh material was included. According
to Lasègue (1845) this material was later transferred to the Delessert Herbarium in the P
(Paris) herbarium. We asked the curator of P and he informed us that this material is not
housed there. Continuing our search, according to Miller (1970), in 1869 the Delessert
heirs donated the herbarium to the municipality of Geneva. According to Stafleu & Cowan
(1976), the David Don collection was donated to the Linnean Society of London (LINN)
and other material is at BR. We searched the websites of both herbaria and asked the
curators, who informed us that this material is not housed there. However, by searching the
G herbarium website we located a Caldcleugh specimen (G 00308260) but with a different
location: “Santiago”. This material is well preserved and has the characters of the original
description. However, because the label gives a different location, we doubt that this
specimen is part of the original material of B. aurea. In the absence of any definite original
material, we designate it as the neotype. Lessing (1832) described Chaetanthera
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berteroana (as “Berteriana”) honouring the Italian botanist Carlo Giuseppe Bertero, the
collector of the type material. Because Lessing cited the earlier name Bichenia aurea in
synonymy in the protologue, C. berteroana is an illegitimate name under Art. 52.1 of the
International Code of Nomenclature for algae, fungi, and plants (ICN – Mc- Neill & al.
2012) and is automatically typified by the type of B. aurea (Art. 7.5). Concerning the
spelling, Hooker & Arnott (1835) cited the name as C. berteroana, a slightly different
spelling of the original name. Later, Candolle (1838) cited C. berteroana as a synonym of
“C. berteriana”, which probably caused confusion regarding the valid name and the correct
spelling. The correct spelling according to Art. 60.12 and Rec. 60C.1 of the ICN for an
epithet derived from a name like Bertero, when the gender of the genus name is feminine
(as in Chaetanthera), is berteroana.
The name Trichocline pedicularifolia Walp. (Walpers 1840), was considered as a synonym
of T. aurea by Zardini (1975) and Katinas & al. (2008); however these authors did not see
its type material. In fact, Stafleu & Cowan (1988: 45) mentioned that the present location
of Walpers’s specimens is unknown. In the protologue, Walpers cited material in the
herbarium of August Lucae (“Chili. – E plantis Besserianis. – v. s. in hb. Lucaeano et
Regio“), and according to Stafleu and Cowan (1981), Lucae’s specimens were housed in
KIEL, which eventually was destroyed. However, the same authors also noted that
duplicates could be found at BR, MW, P and W. We contacted the curators of these
herbaria and were informed that the material is not housed there. Because we could not
find any specimen collected by August Lucae associated with the name of T.
pedicularifolia, we decided to remove this name from the synonymy of T. aurea.
Trichocline aurea is easily recognizable by its pinnatisect leaves with serrate margins,
thickened scape base, and smooth (vs papillose) anther tails. The latter two characters are
not found in any other species in the genus.
Conservation status — According to the categories and criteria of the IUCN (2012. 2014),
we assessed Trichocline aurea as Endangered: EN B2b (ii,iii,iv). The species occurs in C
Chile, from sea level (Zardini 1975) to c. 1400 m. According to our herbarium survey, the
distribution is very narrow and the species can therefore be considered rare. The area of
occupancy was calculated as 44 km2. Even though there is a considerable amount of
material of this species in South American herbaria, most of it comprises duplicates of the
same collections from almost fifty years ago – most of the collections were made almost
seventy years ago, with the most recent from almost thirty years ago. Most of the
documented subpopulations occur in currently urbanized areas, and we therefore predict
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that the subpopulations are continually declining in their extent of occurrence, area of
occupancy and quality of habitat.
Additional specimens examined – CHILE, Concepción, La Florida, 10 Dec 1936, E. Barros
1207 (LP); Yumbel, camino de Hualqui a Rere, cerca de Gomero, 5 Jan 1959, Marticorena
et al. s.n. (CONC 25221); Camino a Bulnes, antes del Puente Queime, 16 Nov 1967, E.
Ugarte & G. Cea s.n. (CONC 35029); Aconcagua, Cuesta de Chacabuco, 12 Nov 1970, M.
Mahu 5537 (LP); Santiago, Cerro Provincia, Cordillera de Santiago, Dec 1933, C.
Grandjot s.n. (MO 1154214); Malleco, near El Vergel, 30 Dec 1935, J. West 4924 (LP,
MO); Metropolitan Region, Cordillera de la Costa, 1300 m, 7 Jan 1983, F. Hellwig 585
(G); Ñuble, Itata, nueva Aldea, Fundo Santa Ana, 6 Mar 1936, K. Behn s.n. (CONC
21136).
Trichocline heterophylla (Spreng.) Less. in Linnaea 5: 289. 1830 ≡ Onoseris
heterophylla Spreng., Syst. Veg. 3: 503. 1826 ≡ Chaptalia heterophylla (Spreng.) D. Don
in Trans. Linn. Soc. London 16: 244. 1830. – Protologue: “Monte Video. Sello”. –
Lectotype (designated here): Uruguay, “Onoseris heterophylla* Monte Video”, s.d. (fl.),
Sellow (P 00455327! [Fig. 2]; isolectotypes: B 16017 [destroyed, photos at F 0BN016017!,
SI!], K 000504268!, K 000504270!, NY 00274193!, P 00455326!, P 00455328!).
Nomenclatural and taxonomic notes – Sprengel (1826) described Onoseris heterophylla,
which Lessing (1830) later tranfered to Trichocline. We located six specimens (two at K,
one at NY and three at P) that matched the species description and locality information
given by Sprengel in the protologue. We have chosen the specimen P 00455327 as the
lectotype of T. heterophylla because it is the most informative and because at least one of
the other specimens – P 00455326 – was clearly not in Sprengel’s possession by the time
the species was described, having been donated by the Berlin herbarium in 1861.
Moreover, we identified three other collections made by Sellow: photographs (F and
SI) of a specimen originally deposited at the Berlin herbarium (B 16017) and two sheets in
the Kew herbarium (K 000504268 and K 000504270). On these three sheets the collection
localities are indicated as “Brasilia Meridionalis”, “Brasilia” and “Brasil”, respectively.
When these specimens were collected, the political limits between Brazil and Uruguay
were not the same as the current ones, so we believe that they were collected in what is
today Uruguay and can be considered original material.
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According to the herbarium specimens and literature, Trichocline heterophylla was
recorded only from S Uruguay, but during our investigation we found a new record in E
Argentina, province of Entre Ríos (T. M. Pedersen 7327, SI). The species occurs in dry
soil and rocky grasslands, and can be distinguished from other species by its petiolate,
glabrescent to glabrous leaves, with crenate margins, scapes without bracts, and ovate
phyllaries.
Conservation status – According to the categories and criteria of the IUCN (2012. 2014),
we assessed Trichocline heterophylla as Endangered: EN B2b (ii,iii,iv); C2a(i). The area of
occupancy was calculated as 44 km2. The fact that most of the specimens studied were
collected nearly seventy years ago suggests that T. heterophylla is now rare. It is probable
that some subpopulations no longer exist where plants were collected eighty or more years,
e.g. Cerro de las Ánimas, Piriápolis, 2 Feb 1938, B. Rosengurtt 2415 (LP); Las Piedras,
Canelones, 5 Jan 1891, H. Sebert s.n. (MVM 672). In fact, all the locations of the species
in Uruguay are close tourbanized areas. In the course of fieldwork in Uruguay, the first
author observed a small subpopulation of c. 20 individuals near a roadside in disturbed
grassland, in which no more than ten mature individuals could belocated. We believe that
this pattern may occur in the other subpopulations.
Additional specimens examined – ARGENTINA, Entre Ríos, Crucecitas, 26 Nov 1964, T.
M. Pedersen 7327 (SI). URUGUAY, Canelones, Toledo, 27 Nov 1926, C. Osten 20104
(MVA); Florida, Cerro Colorado, Estancia San Pedro, Dec 1937, Gallinal et al. 2810 (LP);
Maldonado, Piriápolis, Cerro de las Ánimas, s.d., J. Chebataroff 1722 (LP); Montevideo,
Parque Lecoq, Camino Azarola, 8 Nov 2001, Albarracín & Sastre s.n. (MVJB 24245);
Colón, 15 Jan 1942, C. Osten 3635 (G); Punta del Este, ruta 12, 6 Mar 2013, E. Pasini 963
(ICN).
Trichocline humilis Less. in Linnaea 5: 288. 1830 ≡ Trichocline heterophylla var. humilis
(Less.) Baker in Martius, Fl. Bras. 6(3): 372. 1884. – Protologue: “Sellow legit pr. S. Jos.
ad fluvium Uruguay Brasiliae meridionalis Febr. 1823. (v. sp. s. ∞.)” – Lectotype
(designated here): Brazil, “Trichocline humilis leg. Sello D 467. Bras. merid. Ex Mus.
Berol.”, s.d. (fl.) (LP 002572! [Fig. 3]; isolectotypes: K 00504272!, K 00504273!, K
00504274! P 00455354!).
Nomenclatural and taxonomic notes — Lessing (1830) described Trichocline humilis
citing a gathering by Sellow with a rather precise locality and date. We were able to locate
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five specimens of this gathering (three at K and one each at LP and P). We have chosen the
specimen LP 002572 as the lectotype because not only is it the most informative material,
but it housed in a herbarium close to the collection site. Some of the characters that
distinguish the species are pinnatisect leaves with irregularly dentate margins, a welldeveloped xylopodium (c. 25 cm long), and brownish coloured phyllary margins.
Conservation status — According to the categories and criteria of the IUCN (2012. 2014),
we assessed Trichocline humilis as Endangered: EN B2b (ii,iii,iv); C2a(i). The populations
are found in grasslands with wet or dry and sandy soils, associated with tree species such
as Prosopis affinis Spreng., P. nigra Hieron. and Vachellia caven (Molina) Seigler &
Ebinger (Fabaceae). Trichocline humilis occupies a total area of occupancy of 84 km2 in S
Brazil, E Argentina and Uruguay. There are only two records of the species from Brazil, in
the Parque Estadual do Espinilho, a regional Conservation Unit located along the
westernmost part of the state of Rio Grande do Sul. Many of the subpopulations are
located along the S part of the Uruguay river, and any disturbance to the water levels could
lead to local extinction or a drastic reduction of mature individuals. The subpopulation
observed had approximately 50 mature individuals that were growing inside a protected
area. We infer that other subpopulations do not contain more than 100 mature individuals
and most of them are not located in protected areas.
Additional specimens examined – BRAZIL, Rio Grande do Sul, Barra do Quaraí, 16 Dec
2009, M. Grings & R. Paniz 984 (ICN), 21 Apr 2011, E. Pasini & A. Aita 862 (ICN);
ARGENTINA, Corrientes, Dept. Curuzú Cuatiá, 8 Dec 1977, A. Schinini & O. Ahumada
13898 (CTES); Dept. Lavalle, Nov 1968, R. Herbst 1214 (CTES); Dept. Mercedes, 12 Dec
2006, M. Dematteis et al. 2464 (CTES); Dept. Paso de Los Libres, 28 Jan 1945, T. Ibarrola
2219 (CTES); Dept. Sauce, 22 Oct 1977, O. Ahumada et al. 1322 (CTES). Entre Ríos,
Dept. Chajarí, 16 Dec 1957, A.L. Cabrera 12361 (LP); Dept. Colón, 15 Dec 1963, A.
Burkart 24976 (LP, SI). URUGUAY, Artigas, 15 Feb 2005, M. Dematteis & A. Schinini
1397 (CTES). Rocha, 5 Feb 1938, B. Rosengurtt 2437 (LP); Salto, 2 Feb 1927, A. Burkart
1140 (LP). Soriano, s.l., Feb 1942, Gallinal et al. 4842 (LP).

Trichocline linearifolia Malme in Bih. Kongl. Svenska Vetensk.-Akad. Handl. 12(2): 114.
1933. – Protologue: “Tamanduá, 1/2 1909 (n. 7714). Hab. in campo.” – Lectotype
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(designated here): Brazil, “Tamanduá, in campo”, 1 Feb 1909 (fl.), P. Dusén 7714 (S-R6181! [Fig. 4]; isolectotypes: BR 552219!, G 00304761!, GH 00013174!, K 000504287!,
LD 1228813, LP 002573!, M 0030653!, NY 00274194!, PH 00027927, S 10-36649!, US
00119946!).
Nomenclatural and taxonomic notes — We were able to locate 12 duplicates of the
material cited in the protologue of Trichocline linearifolia (Malme 1933). We have chosen
the specimen S-R-6181 as the lectotype because it includes the most informative material
and Malme’s herbarium and types are deposited in S according to Stafleu & Cowan (1981)
and Thiers (2015+). The main characters that distinguish the species are the linear leaves,
with entire to shortly lobate margins, and orangish to reddish ray florets.
Conservation status — According to the categories and criteria of the IUCN (2012. 2014),
we assessed Trichocline linearifolia as Endangered: EN A4c; B2a. It is a rare species due
to its narrow distribution, which is in high elevation areas, around 700 – 1200 m, in the
high altitude grasslands of S Brazil in the states of Paraná and São Paulo, where the species
is endemic. It is clear that in the last 100 years the subpopulations have suffered a decrease
in extent of occurrence. Some subpopulations occur inside urbanized areas that could have
diminished the number of mature individuals and negatively changed the quality of the
habitat of the species. According to the geographic information from the herbarium
specimens, the subpopulations are in drastically fragmented areas and are known from no
more than five locations.
Additional specimens examined — Brazil: Paraná, Colombo, 24 Jan 1968, G. Hatschbach
18423 (CTES, LP, MBM); Curitiba, 30 Jan 1974, R. Kummrow 198 (LP, MBM); Palmeira,
córrego da Anta, 2 Jan 1975, G. Hatschbach & T. M. Pederson 35878 (LP, MBM);
Piraquara, 27 Jan 1971, N. Imaguire 2564 (CTES, MBM); Ponta Grossa, Parque Vila
Velha, 2 Mar 1962, G. Hatschbach 8881b (ICN, HB, MBM); Quatro Barras, 29 Jan 1975,
L. F. Ferreira 196 (LP, MBM); São Paulo, Ipiranga, 18 Feb 1912, A. C. Brade 5463 (HB,
LP, S); Jabaquara, 20 Apr 1950, O. Handro 177 (SP).
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Fig. 1. Neotype (G 00308260) of the name Bichenia aurea (≡ Trichocline aurea). –
Reproduced by kind permission, © Conservatoire et Jardin botaniques de la Ville de
Genève.
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Fig. 2. Lectotype (P 00455327) of the name Onoseris heterophylla (≡ Trichocline
heterophylla). – Reproduced by kind permission, © MNHN collection-Paris.
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Fig. 3. Lectotype (LP 002572) of the name Trichocline humilis. – Reproduced by kind
permission, © Museo de La Plata.
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Fig. 4. Lectotype (S-R-6181) of the name Trichocline linearifolia. – Reproduced by kind
permission, © Swedish Museum of Natural History.
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Trichocline maxima (Compositae, Mutisieae)
rediscovered: taxonomy, lectotypification, and
conservation status of a rare and endemic Pampean
daisy
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Abstract
Trichocline maxima, a species that was considered probably extinct, has been rediscovered
in northern Uruguay, after almost 70 years since its last record in this country. We provide
an updated description of the species, an indication of a lectotype and we discuss the
species morphology, taxonomy, nomenclature, geographical distribution and conservation
status.
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Introduction
Trichocline Cass. (Compositae, Mutisieae) is a genus endemic to South America, with
approximately 23 herbaceous species, which are distributed in the northern and central
Andes, Patagonia, south Brazil and Uruguay. The characters that distinguish the genus
from the other genera of the tribe Mutisieae are caulescent to herbaceous habit, a welldeveloped xylopodium, pistillate bilabiate-ligulate ray florets and bisexual bilabiate disc
florets with the presence of staminodes. Also, the cypsela is truncate at the apex and fully
covered with twin hairs (Katinas et al. 2008). The genus can be found from high elevation
wide-open areas in the Northern and Central Andes, from the South Brazilian Plateau and
to the Uruguayan coastal plane, growing in rocky or sandy soils. Most of them are rare and
narrowly distributed, and several species have subpopulations that occur in no more than
four or five locations (for the definition of subpopulation and location, see IUCN, 2011). In
Brazil, some species occur in threatened ecosystems, such as the high altitude tropical
grasslands in the Atlantic Rain Forest Phytogeographic domain in South Brazil or the
lowland subtropical/temperate grasslands of the Pampa Phytogeographic domain in the
State of Rio Grande do Sul, Brazil, Uruguay and southeastern Argentina (the concepts of
Biogeographic domains follow Cabrera & Willink (1973). While some specimens can be
found inside protected areas like National and Regional Parks in Brazil (Parque Estadual
do Espinilho, Parque Estadual de Vila Velha and Parque Nacional de São Joaquim) and
Argentina (Reserva de Biosfera Laguna Blanca and Reserva Natural Estricta El Leoncito),
many of them thrive in places that had suffered with human impact, such as deforestation,
mining, intensive silviculture and monoculture and uncontrolled use of intensive grazing
(Cordeiro & Hasenack 2009).
Trichocline maxima Less. is endemic to the Pampean Phytogeographic domain,
which ranges the state of Rio Grande do Sul, Brazil, Uruguay, and the Buenos Aires, La
Pampa, Entre Rios and Corrientes Provinces in Argentina. In the present work we report
that this species, which was previously though to be extinct, has been rediscovered after
almost 70 years of its latest record in Paso Ataques, northern Uruguay, department of
Tacuarembó. We believe that this work could support future projects involving population
genetics and ecology, which eventually could lead to the conservation of this threatened
species and many others related to the Pampean region.
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Materials and Methods
This study was based on field observations and herbaria material revision. Specimens from
the following herbaria were analyzed (acronyms according to Thiers, 2014): CRI, CTES,
ESA, FLOR, FURB, HAS, HB, HBR, HUEFS, HUFU, HURG, ICN, LP, M, MBM, MO,
MPUC, MVFA, MVJB, MVM, NY, PACA, R, RB, SALLE, SMDB, SPF, SI e US. In
addition, we consulted digitalized material available on the websites of the following
herbaria: B, F, GH, GOET, HAL, LINN, K and P. All the information about the species
presented here was based on the analysis of herbarium specimens, pointed field
observations and relevant information taken from the literature (Zardini, 1975). We
assessed the conservation status of Trichocline maxima according to the guidelines
available in IUCN (2011).
Taxonomic treatment
Trichocline maxima Less., Linnaea 5: 290. 1830.
Type:—BRAZIL. “Brasilia meridionalis. s.l., s.d., Sellow s.n.”. (Lectotype, designated
here K-504286 [image!] (Figure 3); Isolectotypes G-308259 [image!], HAL-113007
[image!], P-703278 [image!]). Figures 1, 2 & 3.
Herbs perennial, up to 85 cm high when flowering. Xylopodium up to 12.5 cm long, more
or less cylindrical. Leaves rosulate, petiolate; petiole 2–7 cm long, blade 20–30× 3–4 cm,
obovate or oblanceolate, base attenuated to cuneate, apex acute or obtuse, margin entire or
lobate, lobes (when present) 3–5-paired, 0.5–3 cm long, rounded, glabrous, papiraceous.
Inflorescence monocephalous, terminal; heads dimorphic, radiate; receptacle epaleate,
alveolate. Scapes 45–80 cm long, erect, ebracteate, glabrous to glabrescent. Involucre 2–3

× 1.5–2.5 cm, hemispheric, phyllaries 5–7-seriate, adaxial surface tomentose; outer 6–7 ×
5–7 mm, ovate, apex obtuse to acute, adaxial surface woolly; middle 9–12 × 4–6 mm,
ovate-lanceolate, tomentose on adaxial side, apex obtuse; inner 13–16.5 × 4–6.5 mm,
ovate-lanceolate, apex acute, glabrous. Florets dimorphic; marginal florets pistillate, ca.
25, corolla bilabiate, yellow, tube 7–10 mm long, abaxial lip 10–21 × 2.5–3 mm, linear to
lanceolate, tomentose, adaxial lip ca. 4.5 mm long, estaminodes 5, 3–4 mm long, apex
acute, base attenuate or sagittate; style 8–12 mm long, style branches ca. 1 mm long;
central florets bisexual, corolla yellow, tube 11.7–14.5 mm long, abaxial lip 3–4 mm long,
recurvate, adaxial lip 3–3.5 mm long, anthers 9.4–12 mm long, basal appendages
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papillose, style 17.5–19 mm long, style branches ca.1 mm long. Cypsela ca. 1 cm long,
truncate at the apex, cylindrical or ovoid; twin hairs densely set; pappus 13–15.7 mm long,
bristles barbellate, uniseriate.
Distribution and Ecology. Southern Brazil (Rio Grande do Sul State) and Uruguay
(Fig. 4). The species inhabits rocky outcrops and sandy soil grasslands at low elevation
areas of the Pampean Phytogeographic domain (Cabrera & Willink 1973). It occurs with
other herbaceous species, such as Acanthostyles buniifolius (Hook. & Arn.) R.M.King &
H.Rob., Andropogon ternatus Nees, Axonopus affinis Chase, Desmodium incanum (G.
Mey) DC., Lessingianthus macrocephalus (Less.) H.Rob. or shrubs and trees such as
Scutia buxifolia Reissek, Schinus polygama (Cav.) Cabrera, Berberis laurina Thunb.,
Eugenia uniflora L. and Celtis iguanea (Jacq) Sarg. It is probably extinct in Brazil (Zardini
1975; Pasini & Ritter 2012), and in fact the only three records in this country were made
almost 190 years ago; one of them is the type specimen that was indicated by Lessing
(1830), and is located at K and G. The other two collections were cited by Malme (1931)
as follows: “Inter Rio Pardo et Bagé (F. Sellow 1831); etiam ab Isabelle lecta, loco non
indicato (A. Isabelle 1835)”, of which we were not able to locate. The species records in
Uruguay are also scarce and all of them are restricted to the northern part of the country
(Departments of Rivera and Tacuarembó), a region that shares the same floristic
characteristics with southern Brazilian state of Rio Grande do Sul. Prior to our rediscovery,
the latest record was made almost 70 years ago (Osorio s.n. MVM 13902). We could track
the species habitat, following the information of its records from Uruguay, and locate it in
the department of Tacuarembó, Paso Ataques. The subpopulation was found in shrubby
grasslands with rocky outcrops and sandy soil.
Phenology. The species flowers from late December to March, then becoming
quiescent and sprouting again in early December.
Conservation status. The species habitat is endangered due to human impact, like
intensive silviculture and uncontrolled use of grazing. In fact, the whole population was
surrounded by Eucaliptus sp. plantation. Therefore, we consider the species Critically
Endangered (CR), by the IUCN’s (2011) categories, according to the following criteria, A4
(c) (e); B2 a: A4 – we project that the subpopulations suffered from a drastic size reduction
in the last 100 years, due to decline of habitat quality. This is mainly related to the already
mentioned human impacts over the species range areas. There are vast areas of Pinus spp.
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plantation in northern Uruguay, which for the genus as a whole, could lead to local
extinctions. Besides that, this particular species presents a large scape and conspicuous ray
florets, and can be easily spotted in nature, a fact that could potentially be related to its
exploitation for ornamental purposes; B2 a – the total extent of occurrence of the species
was severely fragmented by the agricultural and silvicultural systems. Furthermore, the
only register of the species in Brazil is from almost 200 years ago.
Taxonomy and lectotypification. Christian Friedrich Lessing described Trichocline
maxima in 1830, using a collection of Friedrich Sellow, from Brazil. This botanist first
collected the species around the year 1820 in the “Plata” region, which today is comprised
by the territories of South Brazil (State of Rio Grande do Sul), Uruguay and northeast
Argentina. Plenty of information is lacking from some of the species collected by this
botanist during his stay in South America, in particular Brazil. Some of his information
written on the herbarium sheets is difficult to decipher, and different localities are often
informed in the same syntypes material. The species presented here is extremely rare in
Brazil, and the only information about its presence in this country is from the type
specimens, which were collected by Sellow. Probably one of the main reasons that this is
such a rare species in this country is that the information cited by the botanist are very poor
and incomplete. During the revision of the digitalized material of the genus Trichocline,
we could identify three syntypes of this species, one in K (fig. 3), one in G and another in
P, all collected by Sellow. In the labels of some of them, the indicated locality is simply
Brasilia (Brazil), which is in accordance with the protologue of the species in Lessing
(1830), however in some other specimens the locality Brasilia meridionalis is cited. We do
not believe this is a significant difference that indicates that the syntypes were collected in
different places and times, and therefore we consider they all belong to the same
collection. In addition to that, by the time Sellow collected the species, the borders
between Uruguay and Brazil were not the same as today, therefore it could have well been
first collected in Uruguay.
Since the author did not specified which specimen is the type, we chose the one deposited
in K as the lectotype (fig. 3). This specimen is the one that is most informative and well
preserved.
Trichocline maxima is a conspicuous scapose herb that can be easily distinguished
from the other species of the genus by its smooth and glabrous 55–80 cm long scape, ovate
phyllaries and glabrous leaves. During vegetative stage, T. maxima can be misidentified
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with T. cisplatina, another Uruguayan species that also presents glabrous leaves with
lobate margin and rounded lobes. The epithet refers to the large scape of the species.
Additional examined material. BRAZIL. Rio Grande Do Sul: s.l., 1835, A. Isabelle
s.n. (K, n.s.). URUGUAY. Tacuarembó: Rincón de La Laguna, 14 February 1947, H.
Osorio s.n. (MVM 13902); Paso Ataques, Tranqueras, 22 April 2014, E. Pasini, J.M.
Bonifacino, F.P. Torchelsen 1019 (ICN 178180); Rivera: Paso Ataques, January 1944, J.
Chebataroff 9112 (LP); Tranqueras, December 1945, A. Lombardo 4570 (MVJB).

Key for the species of Trichocline in Brazil and Uruguay
1. Leaves linear to lineas-lobate; ray florets red to orange…………………………………2
1. Leaves lanceolate to oblanceolate; ray florets yellow to golden yellow………………...3
2. Leaves rarely linear, linear-lobate; ray florets red, pappus bristles undulating in the apex
……………………………………………………………………….T. macrocephala Less.
2. Leaves always linear; ray florets orange, pappus bristles straight in the apex
…………………………………………………………………………………T. linearifolia
3. Scapes and leaves glabrous to glabrescent ………………………………………………4
3. Scapes and leaves tomentose to lanose ………………………………………………….7
4. Scapes 55.0–120.0 cm long; leaves 20.0–30.0 cm long ………………………………...5
4. Scapes 2.0–20.0 cm long; leaves 3.0–14.0 cm long …………………………………….6
5. Leaves oblanceolate-lobate, glabrous above surface and glabrescent in the abaxial
surface, phyllaries ovate with acute apex; scapes 55.0–80.0 cm long. …………..T. maxima
5. Leaves lanceolate to oblanceolate, never lobate, glabrous in the adaxial surface and
tomentose in the abaxial surface; phyllaries lanceolate with apiculate apex; scapes up to
120.0 cm long ……………………………………………………………………T. speciosa
6. Leaf margins irregularly pinatissect; phyllaries glabrous, apex and margin reddish brown
……………………………………………………………………………………..T. humilis
6. Leaf margins crenate, never pinatissect; phyllaries tomentose in the external surface,
apex and margin greenish ……………………………………………..T. heterophylla Less.
7. Scapes ebracteate; leaf blades coriaceous, shiny on the adaxial surface, lobes strongly
acute in the apex and ondulate in the base; plant with densely woolly indumentum
……………………………………………………………………………….T. incana Cass.
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7. Scapes with up to 12 bracts; leaf blades membranaceous, opaque on the adaxial surface,
lobes subacute to rounded in the apex; plant with tomentose indumentum ………………..8
8. Scape erect or sinuose; leaf blades oblanceolate, margins entire, sinuate or lobate, with
up to 6 pairs of lobes; ray florets yellow to orange-yellow ovary sparsely papillosepubescent……………………………………………………………………T. catharinensis
8. Scape procumbent; leaf blades spatulate, margins strongly pinatissect, with up to 10
pairs of lobes, eventually forming secondary lobes; ray florets golden-yellow, never
yellow; ovary densely papillose-pubescent ………………………………….....T. cisplatina
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Figure 1. Illustration of Trichocline maxima. A, F. Habit. B. Detail of the capitula. C.
Detail of the capitula bud and imbricate phyllaries. D. Cypselae. E. Detail of rosulate
leaves and xylopodium. G. General habitat in shrubby grasslands. Illustrations A–E were
made by Edson Luis de Carvalho Soares and adapted from Pasini & Ritter (2012). José M.
Bonifacino drew illustration of the cypsela (F).
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Figure 2. Trichocline maxima. A. General view of the species habit. B. Capitulum. C.
Involucre. D. Detail of cypsela and pappus. E. Detail of rosette leaves, scapes and
xylopodium. F. Detail of the rosette and lobate leaves. G. Habitat. Photos credits: A–C, F
and G by José M. Bonifacino; D by Fábio P. Torchelsen.
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Figure 3. Photo of the lectotype of Trichocline maxima indicated in this work and stored at
K. © The Board of Trustees of the RBG, Kew. Reproduced with the consent of the Royal
Botanic Gardens, Kew.
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Figure 4. Distribution map of Trichocline maxima. Orange dot represents the latest record
of the species that is reported in this work. Black dot in Uruguay is from collections cited
in the additional examined material section. Black dot in Brazil represents the possible
location of Malme’s (1931) citation of a Sellow’s collection: “Inter Rio Pardo et Bagé.”
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Abstract
A new species of the genus Trichocline is described. Trichocline minuana is restricted to
the state of Rio Grande do Sul, Brazil and northern Uruguay, where is found in lowland
grasslands, generally associated to rocky outcrops and dry soils. The main characters that
distinguish this species from the other sympatric and morphologically close species T.
humilis and T. incana are the presence of a small scape and strongly pinatisect leaves that
have lobes with acute apex, and a large, lanceolate terminal lobe. This work provides a
detailed description of the species, information about distribution, conservation status
assessment and information about its ecological aspects.
Resumo
Uma nova espécie do gênero Trichocline é descrita. Trichocline minuana é restrita ao
Estado do Rio Grande do Sul, Brasil e norte do Uruguai, onde ocorre em campos de baixa
altitude, geralmente associados com afloramentos rochosos e solos secos. As principais
características que diferenciam esta espécie de Trichocline humilis e T. incana, uma
espécie simpátrica e morfologicamente proxima, são a presença de um escapo curto e
folhas fortemente pinatissectas com lobos de ápice agudo e um lobo terminal lanceolado.
Este trabalho apresenta uma descrição detalhada e informações sobre a ditribuição da
espécie, status de conservação e aspectos ecológicos

Key words: Asteraceae, Campanha gaúcha, lowland grasslands, Rio Grande do Sul state,
rocky outcrops
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Introduction
The genus Trichocline Cass. (1817: 13) (Asteraceae, Compositae) belongs to the tribe
Mutisieae, and is nested in the Gerbera-Complex in a South American endemic clade
which also contains the genera Lulia Zardini and Brachyclados D. Don. There are
approximately 23 described species of this genus and they are distributed into two main
centers of diversity (Zardini 1975); one is along the Andes from southern Peru to southern
Patagonia and the other is in the Southern Brazilian Plateau and Pampean Biogeographic
Province (Cabrera & Willink 1975) in Uruguay, Northeasteran Argentina and Rio Grande
do Sul state in Brazil. Some of the species frequently present a wide range distribution,
along the highland grasslands in Brazil and in the Andes in Argentina, but others are
extremely rare and restricted. Along the Southern Brazilian Plateau, ten species are
distributed from the highland grasslands with Araucaria Forests to the lowland grasslands
and costal Plain in Southern Brazil and Uruguay. All the species are perennial herbs, and
the habit can vary from caulescent herbs with alternate leaves and axillary scapes to
acaulescent herbs with rosette leaves and terminal scapes. The genus presents conspicuous
monocephalous capitula with colorful bilabiate florets, where the rays have a long abaxial
lobe. One of the main morphological characters that distinguishes Trichocline from the
other genera of the Gerbera-Complex are the presence of staminodes in the ray florets and
a cypsela that is truncate at the apex, with long and claviform twin hairs covering the
whole extension.
During the taxonomic revision of Trichocline, led by the first author, we found a new
species occurring in rocky outcrops along lowland grassland vegetation of the Pampa
Phytogeographic Region, in Southern Brazil and Uruguay. We provide a taxonomic
description, illustrations, conservation status assessment, and a distribution map.
Materials and methods
We have conducted fieldworks to the locations where the species was collected, and
revised the following herbaria: CRI, CTES, ESA, FLOR, FURB, GH, HAS, HB, HBR,
HUEFS, HUFU, HURG, ICN, LP, M, MBM, MO, MPUC, MVFA, MVJB, MVM, NY, P,
PACA, SALLE, SMDB, SPF, SI and US which are cited according to Thiers (2015).
The morphological nomenclature followed Bentje (2010) and the measurements
were taken from dried herbarium samples. General information about the taxon’s
distribution, habitat and phenology was taken from herbarium sheets and observations in
the field.
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Taxonomic Treatment
Trichocline minuana E. Pasini, sp. nov. (Figs. 1 and 2)
The new species is morphologically close to T. humilis Less. and T. incana Cass., and they
are sympatric. The morphological differences between the new taxon and T. humilis
are the strongly pinatissect leaves with lateral and terminal lobes conspicuosly
lanceolate, often forming secondary lobes (vs. entire to pinate, with rounded to
lanceolate lobes, without a conspicuous terminal lobe), lobes with acute apex (vs.
rounded apex), terminal lobe lanceolate and quite conspicuous (vs. small and
rounded terminal lobe) and tomentose indument in the phyllaries and scape
(phyllaries and scape glabrous to glabrescent). The short scape of T. minuana is also
observed in T. humilis, however it is less frequent in this species. Moreover the new
taxon can be distinguished from T. incana by the short scapes (vs. long scapes),
phyllaries with brownish margins (vs. greenish margins) and the presence of a welldeveloped lanceolate terminal lobe in the leaves (vs. short lanceolate terminal lobe).
Type:—Brazil. Rio Grande do Sul: Quaraí, Quatepe, estrada do Passo da Guarda, RS 060,
30º18’45.8’’S, 56º04’27.0’’W, February 2012, fl., P. P. A. Ferreira et al. 873
(Holotype: ICN!; Isotype: LP!, MVJB,! RB!, SI!, US!). Figures 1, 2.
Herbs perennial, acaulescent. Xylopodium up to 12 cm long. Leaves rosulate, longpetiolate, petiole 0.5-6 cm long.; blade discolorous, glabrous above and glabrescent to
tomentose beneath, lanceolate to oblanceolate, 4-14 cm × 0.5–4 cm, base attenuate, margin
strongly pinatisect, entire in early stages of development, up to 4 pairs of lanceolate lobes
with acute apex, terminal lobe conspicuous, lanceolate, apex acute, 2-5.5 × 1-2 cm.
Inflorescence monocephalous, scapigerous, scape glabrescent to tomentose, glabrous in
late stages of development, 1-5 cm when flowering, terminal, erect, smooth, generally
ebracteate, rarely with one linear bract at the base of the heads. Heads radiate,
heterogamous; involucre hemispheric to campanulate, 1.2-2.5 × 1.5-3 cm; phyllaries 4-5seriate, imbricate, green, margin brownish, the outer phyllaries spreading, lanceolatespathulate to linear sphatulate, 8-25 × 1–4 mm, adaxial surface glabrescent to tomentose,

139

apex acute, eventually mucronate, median phyllaries lanceolate-sphatulate, 10-18 × 2.5-5
mm, adaxial surface tomentose, apex acute, mucronate, inner phyllaries lanceolate to
linear, membranaceous, 12-17 × 3-4 mm, glabrous to glabrescent on both surfaces, apex
acuminate, brownish red at apex and margins; receptacle concave, alveolate, fimbriate.
Florets dimorphic, ray florets pistillate, uniseriate, 12-18, corollas ligulate-bilabiate,
abaxial lip liguliform, lanceolate, 13.5-22 × 3.5-5 mm, 3-lobed in the apex, adaxial surface
tomentose, with 4-celled trichomes, sparsely distributed, adaxial lip bisect, lobes filiform
and spiral, 8-12 mm long; corolla yellow-orange, tube 6.5-10 mm long, with 4-celled
trichomes sparsely distributed; staminodes 5, 2-4 mm long, apex acute to acuminate, base
caudate, papillose, margin reflex near the apex when acuminate; style 14-20 mm long,
bifid, exserted, style lobes dorsally papillose, 0.8-1 mm long; disc florets bisexual, 50-80,
corollas bilabiate, abaxial lip 3-lobed, reflex to revolute, 2.5-4 × ca. 1 mm, with 4-celled
trichomes sparsely distributed, adaxial lip bifid, lobes lanceolate, reflex to revolute, 2.5-4
mm long, corolla tube 12-15 mm long; stamens 7-10 mm long, apical appendages
lanceolate, apex acute, basal appendages caudate, papillose, 2-3.5 mm long, filaments
papillose at the base, style 14-17 mm, bifid, exserted, style lobes dorsally papillose, 1 mm
long. Cypsela cylindrical, heteromorphic, the inner well-developed, obovate or obconical,
8 × 6 mm, the outer probably sterile, fusiform, both truncate at the apex, with whitish 2seriate trichomes, inflated at the apex, densely distributed; pappus uniseriate, 14-16 mm
long, whitish, with barbellate bristles.
Distribution and Habitat:—Trichocline minuana occurs in the Pampean
Biogeographical Province (Cabrera & Willink 1975), located in the southernmost Brazilian
state of Rio Grande do Sul (physiographic region known as Campanha) and northern
Uruguay (Departments of Tacuarembó, Rivera and Salto), where is endemic. Wide-open
areas of grasslands are the dominant floristic physiognomy, and many rare and endemic
species can be found. The populations are found along herbaceous vegetation of lowland
grasslands, often associated with rocky outcrops with thin and dry soils. The elevation
records range from 20-200 m.
Phenology:—Flowering and fruiting from December to March.
Etymology:—The species was named after the native South American tribe
Minuanos, which were spread throughout the Pampean region in southern Brazil and
Uruguay. Besides that, the terminal lobe of the leaves assembles the tip of a spear, a
weapon that was used by the tribe during battles.
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Conservation Status:—According to the IUCN (2013) red list we consider that the
species falls in the endangered (EN) B2ab(iii), Ca(i) category, mainly based on the area of
occurrence which is estimated as less than 500 km2 (B2). Moreover, it is possible that the
population could be facing a decline in number of mature individuals due to low habitat
quality, led by the introduction of invasive species and the presence of soy and Eucalyptus
monoculture (ab(iii)). Finally, there were less than 250 mature individuals in the localitites
where the supopulations were observed, and therefore our estimations is that the species
population could have less than 2,500 mature individuals (Ca(i)).
Additional Specimens Examined:—Paratypes: BRAZIL. Rio Grande do Sul:
Alegrete, 39 km W de Alegrete, ruta BR-290, (fr.), 19 January 1973, A. Krapovickas et al.
22785 (CTES); Quaraí, Cerro do Jarau, (est.), 10 November 1994, C. Mondin s.n. (ICN
110212); Quatepe, (est.), 19 April 2011, E. Pasini & A. Aita 856 (ICN); Quatepe, estrada
do Passo da Guarda, (fl.), 9 February 2012, P. P. A. Ferreira 873 (ICN); Santana do
Livramento, Morro Vigia, (fl.), 12 January 1941, B. Rambo s.n. (PACA 3853); APA
Ibirapuitã, (fl.), 13 December 2008, F. Marchett 728 (FUEL, FURB, HUCS, HVAT, ICN).
URUGUAY. Artigas: cerca a Catalancito, (fl.), 30 January 1948, Castellanos s.n. (LIL
15456); Ruta 30, 7 km S de Artigas, (fl.), 10 December 1995, V. Solis Neffa et al. 243
(CTES); Salto: Termas del Arapey, (fl.), 15 January 1967, B. Rosengurtt et al. 10561
(MVFA); Tacuarembó: Valle Edén, (fl.), December, J. Chebataroff 5323 (LP); Ruta 5 km
257, orilla de carretera, (fl.), 11 December 1997, E. Marchesi & I. Grela s.n. (MVFA
27074); ruta 5, km 263, orilla de carretera, (fl.), 20 February 1987, Izaguirre et al. s.n.
(MVFA 18722).
Artificial Key to distinguish Trichocline minuana from closely related taxa
1 Leaves shiny above, densely tomentose-lanose beneath, scape and involucre densely
tomentose-lanose, phyllaries isomorphic, lanceolate ……………………... T. incana
1’ Leaves opaque above, tomentose to glabrous beneath, scape and involucre tomentose,
phyllaries heteromorphic, spathulate to lanceolate ………………………………... 2
2 Mature leaves with margins entire to pinnatilobed, glabrescent beneath, without a
conspicuous terminal lobe, lobes rounded, scape up 20 cm, glabrous, involucre glabrous,
phyllaries with brownish margins ...………………………………………. T. humilis
2’ Mature leaves with margin strongly pinnatisect, rarely entire, tomentose beneath, with a
conspicuous lanceolate terminal lobe, lobes lanceolate, lacerate, scape never reaching more
than 10 cm, involucre tomentose, phyllaries with greenish margins .…… T. minuana
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Figure 1. Trichocline minuana. A. Habit. B, E, F. Habit with details heads and pinnatisect
leaves. C. Involucre with imbricate phyllaries. D. Xylopodium. G. Habitat, Municipality of
Quaraí, Cerro do Jarau, Rio Grande do Sul, Brazil. Photos credits. A, B, C, D. J. Durigon;
E. D. Dutra Saraiva; F. Â. Schneider; G. E. Pasini.
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Figure 2. Trichocline minuana. A. Habit (E. Pasini et al., ICN). B. Outer phyllaries (E.
Pasini et al., ICN). C. Median phyllaries. D. Inner phyllaries. E. Cypsela. F. Pistillate ray
floret. G. Bisexual disc floret.
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Figure 3. Distribution map of Trichocline minuana and sympatric species.
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CONCLUSION

The family Asteraceae is one of the most important among the angiosperms, and its
phylogenetic relationship, place of origin and biogeographic history are recently becoming
clearer. However, there are still unresolved questions regarding the evolution of early
divergent clades and their irradiation throughout the globe. The present work presented
evidences about the evolution and biogeography of the Mutisieae, showing that the tribe
might have originated in the Andean-Patagonian region and spread through other
continents via long distant dispersal and vicariance events that were related to the
geological and climatic changes in South America in the last 40 Ma. Moreover, the
hypothesis of long distance dispersal of Mutisioideae representatives from South America
to Africa is unlikely. This is mainly because the African Mutisieae s.s. (e.g. (Gerbera,
Leibnitzia, Uechtritzia) are highly derived in the phylogeny, and have diversified in a
geologic period when the continents were in their current position. The results have
suggested that the Australian Amblysperma is closely related to African species of
Gerbera, and therefore ending a long lasting discussion about the genus relationship with
the South American Trichocline. The present work has also showed the clear paraphyly of
the important genus Gerbera, and that Amblysperma and Uechtrizia are nested inside
Gerbera. Therefore, future phylogenetic works should focus on increasing the sampling of
the Asian and African genera of Mutisieae, especially Gerbera, and on proposing a
detailed taxonomic revision of Amblysperma, Gerbera, Leibnitzia and Uechtritzia. This
work also indicated that Chaptalia and Leibnitzia, two morphologically close genera, are
distinct and that both are monophyletic.
The present results provide a better understanding of the evolution and biogeography
of Trichocline, an important genus of the tribe Mutisieae The only taxonomic revision of
the genus Trichocline devided it in three sections, and one of them, Nervosifolium, was
later transferred to a different genus, Lulia. The present study was the first attempt to
assess the monophyly of the genus, indicating the phylogenetic relationships among the
species. Our results show that Trichocline is monophyletic, and that the Andean species are
early divergent in comparison to the southeastern species that are derived. Furthermore,
some of the recovered nodes, especially in the derived section of the topology (i.e.
southern Brazilian species), are not well supported. This could probably be related to the
recent radiation of the species in the Brazilian Plateau. This part of the phylogeny deserves
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special attention and further molecular investigations will focus on more variable markers
and on the use of recent approaches of next generation sequencing.
Finally, fieldworks for molecular sampling of Trichocline have led to taxonomic and
nomenclatural novelties. Aproximatelly 50 samples were collected and more than 1000
herbarium material were revised from more than 30 herbaria worldwide. Through this
revision it was possible to indicate three lectotypes and a neotype, rediscover a species that
was thought to be extinct, T. maxima, and describe a new species endemic to the
subtropical grasslands of the Pampean Biogeographical Province, in southern Brazil and
Uruguay, Trichocline minuana. Because of the novelties presented in this thesis, the author
is developing a new and updated taxonomic revision of Trichocline, in order to synthesize
the nomenclatural, taxonomic, biogeographical, morphological and conservational data of
the genus.
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Abstract
The genera Eriachaenium and Adenocaulon (Compositae) have distinct but complex
histories and both have been placed in a number of tribes across the family. For the first
time the two genera are included in a molecular study and the results show that they are
best placed in the tribe Mutisieae s.s. and are the only genera in the re-instated subtribe
Adenocaulinae. When described, this subtribe contained only Adenocaulon and was placed
in the Inuleae. The study also confirms one of the conclusions of a recent morphological
study that Eriachaenium and Adenocaulon are sister taxa. Past difficulties in tribal
assignment are attributed to the distinct and unusual morphology of each genus. Both
genera and the subtribe are described and a key to separate the genera is provided.

Introduction
Eriachaenium Sch. Bip. and Adenocaulon Hook. (Figs. 1–5) are perennial herbs that were
left unplaced in the most recent genus level classification of the Compositae family (Hind
2007). More recent phylogenies, based on molecular data, have divided the Compositae
into 42–43 tribes; about half of them are small (Panero & Funk 2008; Funk et al. 2009).
Within these family level phylogenies there are four main areas (as well as a number of
very small subfamilies), beginning with the crown group: the highly nested subfamily
Asteroideae (asters, ragworts, sunflowers: monophyletic) which contains about 65% of the
species in the family; the subfamily Cichorioideae s.l. (gazanias, dandelions, ironweeds:
monophyletic); the subfamily Carduoideae (thistles and African Mutisieae: monophyletic),
and finally there is a paraphyletic basal area of the phylogeny that contains most of what
used to be the tribe Mutisieae s.l. (Gerbera daisies) whose former members are now in 15
tribes (Funk et al. 2009). Throughout its history Eriachaenium has been placed in three
tribes in the subfamily Asteroideae and one in the basal grade; Adenocaulon has previously
resided in six tribes in the Asteroideae and two in the basal grade.
Unlike many taxa that are difficult to place, Eriachaenium is rarely discussed or
debated. Perhaps it’s remote location (endemic to Patagonia; Fig. 3) or the fact that it is
monospecific (Eriachaenium magellanicum Sch. Bip) and relatively rare, has fostered this
lack of attention. This small herb has an unusual compressed underground stem and
staminodes in the marginal florets (Figs. 1 & 2). The species was described by Schultz
Bipontinus (1855) who placed it near Osteospermum, an African genus in an almost
exclusively African tribe (Asteroideae: Calenduleae). Although today this placement is
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difficult to understand it was probably based on the long corolla lobes and short anther
bases. Bentham (1873) and Hoffman (1894) did not disagree with this placement and there
it remained until Cabrera (1961) in his key to the Argentine genera of Asteraceae moved it
to the Inuleae (Asteroideae) without comment, but in the subtribe Adenocaulinae along
with Adenocaulon. Gray described Adenocaulinae (1873) but included only the type.
Eriachaenium was left in the Inuleae by Muñoz Pizarro (1966) as well as Moore (1983).
Robinson and Brettell (1973) moved the genus to the Mutisieae s.l., based mainly on
pollen characters and Bremer (1994) put the genus in the Mutisieae subtribe Nassauviinae
(now tribe Nassauvieae). Eriachaenium was not included in recent molecular phylogenies
such as Funk et al. (2005), Panero & Funk (2008), Funk et al. (2009, 2014).
Adenocaulon has five species that grow in temperate forests (Fig. 4A) in four
widely disjunct areas (Fig. 3): Northwest USA and adjacent Canada (1 species), East Asia
(2), Mesoamerica (1), and Patagonia (1) (Bittman 1990a, b). In contrast to Eriachaenium,
Adenocaulon has received quite a bit of attention possibly because it is more widespread
and most of its taxa are found in areas with numerous botanists. These various studies have
moved the genus from tribe to tribe; in fact, over the years it has been placed in eight
tribes. Along with a few other genera, Adenocaulon was unplaced to tribe by Bremer
(1994). The various placements are as follows:
(1) EUPATORIEAE: Edgeworth (1851); (2) HELIANTHEAE s.l. (in tribe Millerieae): Bentham
and Hooker (1873), followed by Gardner (1977); (3) INULEAE: Gray (1873, as the separate
subtribe Adenocaulinae), followed by Hoffmann (1894), Britton & Brown (1943), Cabrera
(1961, 1971), Muñoz Pizarro (1966), Merxmüller (1977), and Moore (1983); (4)
ADENOCAULEAE: Rydberg (1917), monogeneric; (5) SENECIONEAE: Cronquist (1955),
followed by Wagenitz (1964), and Morton (1978); (6) ANTHEMIDEAE:

Stix (1960),

followed by Leins (1968), and Skvarla et al. (1977); (7) MUTISIEAE: Stebbins as quoted in
Ornduff et al. (1967), followed by Nordenstam (1977), Bittman (1990a,b), Bremer (1994),
Jansen & Kim (1996), Panero & Funk (2008); and (8) CARDUEAE: Maximova (1999),
Katinas et al. (2008).
Cabrera (1961) and Katinas (2000) were the only ones to consider the two genera
together. Cabrera (1961) published a key to the genera of Asteraceae of Argentina and,
probably following the classification of Gray (1873) who placed Adenocaulon in the
subtribe Adenocaulinae of the tribe Inuleae. Cabrera (1961) accepted that placement and
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also included Eriachaenium in the subtribe. Katinas (2000) conducted a cladistic analysis
using 38 morphological characters and 52 genera from across the family to investigate
whether or not Adenocaulon and Eriachaenium were closely related to one another and to
determine a tribal assignment for the two genera. Her study showed that the two genera
were closely related based on sharing four characters: 1) phyllaries in 1–2 series, 2)
length/width ratio of anthers was 2.5–4.5, i.e., very small; this ratio was only found in
members of Anthemideae, 3) the lack of a pappus (characters that are found in other parts
of the phylogeny), and 4) a re-occurrence of the plesiomorphic short bifid style. As far as
placement in the family, Katinas results showed that ‘floret dimorphism’ and
‘pseudobilabiate florets shared with Anthemideae, Adenocaulon and Eriachaenium that are
female or neuter and the tubular and/or pseudobilabiate florets’ place them above the
Mutisieae and Cardueae. Also they share two synapomorphies, ‘floret dimorphism’ and
‘marginal florets female or neuter’ that group them with the Liabeae, Arctotideae, and
Asteroideae. The placement of the two genera was determined to be (in todays
classification) in the Cichorioideae (s.s.) above the Lactuceae/Vernonieae clade and the
sister group of the Liabeae. This was yet another new position for both of these genera.
Adenocaulon was included in the chloroplast DNA phylogenies of Panero and Funk (2008)
and Funk et al. (2009) and placed in the Mutisieae s.s. but the generic representation from
the Mutisieae s.s. was not extensive and Eriachaenium was not included.
In order to ascertain the best placement for Eriachaenium and Adenocaulon and to
test the proposed sister group relationship between the two genera we used a molecular
approach that included species of both taxa and a wide sampling of outgroups. In 2009, the
members of a collecting expedition to Patagonia located populations of Eriachaenium and
Adenocaulon (A. chilense Less.) and this fresh material combined with two additional
herbarium specimens (Adenocaulon: A. bicolor Hook., and A. lyratum) has allowed us to
fully discuss these two genera and to provide an estimate on where they should be placed
in the phylogeny of the family.

Materials & Methods
We sequenced the nuclear ITS and the plastid molecular markers trnL-trnF and matK of
two different populations of Eriachaenium magellanicum, one each of Adenocaulon
chilense, A. lyratum and A. bicolor, and the sequences were deposited in Genbank (Table
1). These data were shared with the authors of a separate study that encompassed a broad
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selection of taxa from the Mutisioideae and related tribes (Pasini et al. MS submitted) in
order to determine the proper placement for these problematic genera. The molecular
dataset contained species of the three tribes of the subfamily Mutisioideae (Mutisieae–8
genera, 21 species, Onoseridae–four genera, four species, and Nassauvieae–13 genera, 25
species) and four species of the subfamily Barnadesioideae. These data contain new
sequences generated for the Pasini et al. (MS, submitted) as well as sequences from
GenBank generated for several publications (Katinas et al. 2008; Simpson et al. 2009;
Baird et al. 2010; Funk et al. 2014).
Details of the sampling strategy, DNA extraction, amplification, and sequencing
methods and data analysis discussion are included in the Pasini et al. paper (MS,
submitted). Here we show a part of the final cladogram that highlights the placement of
Eriachaenium and Adenocaulon (Fig. 6).

Results & Discussion
Phylogeny
The results of all three datasets, the matK, the combined ITS-trnL-F, and the total
combined show Eriachaenium and Adenocaulon forming a clade nested in the Mutisieae
s.s. (Fig. 6). The support values of the clade formed by these two genera are high
(Bayesian inference of 1) but the relationships among the three species of Adenocaulon
sampled in the analysis and Eriachaenium magellanicum are not clear. Here we show a
section of the phylogeny (Fig. 3) for the purpose of facilitating the discussion in this paper.
For the complete phylogeny based on the combined ITS, trnL-F, matK, and trnL-rpl32
markers see Pasini et al. (MS, submitted).
Morphology
Most of the confusion in the placement of Eriachaenium and Adenocaulon is caused by a
lack of understanding of character evolution within the family complicated by the fact that
the characters that were most often used to define the Mutisieae s.l. are often missing or
modified in both genera. Now that Eriachaenium and Adenocaulon form a clade nested in
the tribe Mutisieae s.s. (Mutisioideae) we can re-examine the morphology of the two
genera and how their characters fit with those of the Mutisieae s.s.
Prior to the advent of molecular data, the Mutisieae s.l. were considered to be
highly derived because some were humming bird pollinated and many had some form of
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colorful and/or dimorphic corollas (especially bilabiate or pseudo-bilabiate), long tails on
the anthers, short bifid styles often with a rounded apex, and psilate or microechinate
pollen. Later characters such as anthemoid (ecaveate) pollen (Ornduff et al. 1967,
Robinson and Brettell 1973), testa epidermis type (Grau 1980); chromosome number (n =
23; Ornduff et al. 1967), and “thickened apical appendage on anthers” and “obtuserounded style hairs” (Bremer 1994), were added to the list. These were thought to be
derived characters because they were uncommon in the family and restricted, for the most
part, to South American taxa, and because it was commonly believed by many taxonomists
that studied the Compositae that the Heliantheae s.l. represented the ancestral morphology.
Since the groundbreaking work of Jansen and his co-authors (Jansen et al. 1987, 1990,
1991, 1996) and subsequent contributions by Panero and Funk (2008) and Funk et al.
(2009) we now know that the Mutisieae s.l. are actually a number of independent lineages
strung out along the basal area of the phylogeny; some are even part of the thistle
subfamily (Carduoideae) or independent lineages (Pertyeae; Pertyoideae).
Within the latest classification the tribe Mutisieae s.s. falls into the subfamily
Mutisioideae with two additional tribes: Onoserideae, Nassauvieae. This more restricted
version of the tribe is defined by the presence of many of the same characters mentioned
above because many of the taxa that lack those characters are now placed elsewhere.
However, as Katinas et al. (2008) correctly pointed out, some of these characters are found
in other tribes. Eriachaenium and Adenocaulon have some of these characters (dimorphic
corollas; short bifid styles with a rounded apex; microechinate, ecaveate pollen) but lack
others (colorful corollas, long tails on anthers). While Adenocaulon has bilabiate corollas,
Eriachaenium does not, however it does have a variable number of corolla lobes (4 or 5) so
technically they both have dimorphic corollas.

Pollen & Chromosome numbers
The pollen grains of Eriachaenium and Adenocaulon (Fig. 6) are very similar to one
another differing only in the size of the grain and the thickness of the exine and both
genera have some grains with a compact aspect and Anthemoid pattern (see also Skvarla &
al., 1977; Bittmann, 1990a). A study by Zhao et al. (2006) has the only SEM images that
we know of for both genera and they appear to be of the standard pollen type for the
Mutisioideae. Adenocaulon and Eriachaenium have pollen of medium size (P x E = 26–32
x 26–30 µm in Adenocaulon, and 30–36 x 24–30 µm in Eriachaenium), are tricolporate,
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with the colpi long with thin margins and a microgranulate membrane and a diffuse
mesoaperture (Katinas et al., 2008). Both genera have a Mutisia type exine (Tellería et al.,
2003). Overall the pollen grains of both genera are similar to that of Artemisia verlotiorum
(Anthemideae) a condition that exemplifies one of the major problems with trying to
identify unique morphological characters to define groups within the family (Hansen
1991). Ornduff et al. have a very interesting quote in their 1967 paper (page 212):
“We are not convinced that Adenocaulon belongs in Senecioneae where it has been placed
by various workers (Ornduff et al., 1963), but the count of n = 23 for the very local and
distinctive Central American A. lyratum is a report for the fourth … member of the genus
to be examined. Each species has consistently had n = 23.… Stebbins (personal
communication) has suggested that Adenocaulon shows affinities with Mutisieae on the
basis of a common possession of distinctive pollen characters. The bilabiate tendencies of
marginal corollas, the shape and pubescence of leaves, and the chromosome number of
Adenocaulon further suggest relationships to Mutisieae….”

Taxonomic Treatment
Subtribe Adenocaulinae A. Gray, Syn. Fl. N. Amer. 1(2): 59. 1884 (as “Adenocauleae”).
TYPE: Adenocaulon Hook.
Description
Herbs perennial, dwarf or scapiform with cylindrical or planate rhizomes, stems
simple, erect or prostrate to ascending, glabrous or with stipitate-glandular hairs. Leaves
glabrous to subglabrous above, tomentose beneath; basal leaves alternate or rosulate to
sub-rosulate; sessile or petiolate to pseudopetiolate; blades oblanceolate, elliptic, ovate,
obovate, to deltoid, margin entire to lyrate, pinnately or palmately veined, glabrous to
subglabrous above, tomentose beneath. Inflorescences terminal or axillar, monocephalous
or laxly racemose to corymbose, pedunculate; heads heterogamous, disciform; receptacle
epaleate; involucre uniseriate. Florets dimorphic; marginal florets female, with or without
staminodes, corolla sub-bilabiate (3+1 corolla lips), tubular-funnelform, shortly to deeply
4- to 5-lobed, rarely bilabiate; central florets bisexual or male with a rudimentary ovary,
corolla tubular-funnelform, deeply 5-lobed; anther apical appendages rounded to acute at
the apex, basally constricted and demarcated from the thecae, basally auriculate with tails
very short, smooth to slightly papillose, filament with anther collar; style shortly bifid,
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branches dorsally papillose. Cypselae truncate at the apex, densely pubescent, shaggy
(long, filiform, uniseriate hairs) or glandulose (glandular multiseriate capitate hairs),
dimorphic, marginal cypselae conspicuously bigger than the central ones; pappus absent.
Pollen spheroidal to prolate, tricolporate, exine Mutisia type, microechinate.
The subtribe Adenocaulinae was described by Gray (1873), on the basis of the
genus Adenocaulon, for the tribe Inuleae. Rydberg (1917) raised the subtribe to the
independent tribe Adenocauleae, also with Adenocaulon as its only genus. Further, Cabrera
(1961) returned to Gray’s concept and re-described the subtribe Adenocaulinae for the
tribe Inuleae, but this time the subtribe included the genera Adenocaulon and
Eriachaenium. Despite the addition of Eriachaenium, no emendation of Gray’s subtribe
concept is needed because the short and general description of Gray includes the features
common to both genera.
Key to genera
1a. Herbs prostrate to ascending with leaves alternate; blades oblanceolate. Heads solitary.
Cypselae shaggy, covered by long, filiform hairs . . . . . . . . . . Eriachaenium
1b. Herbs scapiform with leaves rosulate; blades elliptic to deltoid. Heads laxly racemose
or corymbose. Cypselae covered by glandular hairs . . . . . . . . . . . Adenocaulon
Eriachaenium Sch. Bip.
Flora 38: 120. 1855. TYPE: Eriachaenium magellanicum Sch. Bip. Figs. 1 & 2.
Etymology. From the Greek erion, wool, and the Latin achaenium, a type of fruit,
describing the villose fruits.
Herbs perennial, dwarf, with stout, oblique to vertical rhizomes that are
compressed laterally, stems prostrate to ascending. Leaves alternate; sessile, clasping;
blades oblanceolate, pinnately veined, margin entire to undulate-dentate, glabrous to
subglabrous above, tomentose beneath. Inflorescence monocephalous, axillar; heads
pedunculate, heterogamous, disciform; receptacle epaleate; involucre uniseriate. Florets
dimorphic; marginal florets female with staminodes, corolla tubular-funnelform, deeply 4lobed; central florets bisexual or male with a rudimentary ovary, corolla tubularfunnelform, deeply 5-lobed; anther apical appendages rounded to acute, basally constricted
and demarcated from the thecae, pollen sacs dark, basally auriculate with tails very short,
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smooth to slightly papillose; style bilobed, dorsally papillose. Cypselae truncate at the
apex, densely pubescent, dimorphic, the marginal cypselae conspicuously bigger than the
central ones; pappus absent. [modified from Katinas 2000]
Pollen spheroidal to prolate, spheroidal or elliptic in equatorial view, circular in
polar view, medium size, P x E= (30–36 x 24–30) µm. Tricolporate, colpi long with thin
margin and microgranulate membrane, mesoaperture diffuse. Exine Mutisia type,
microechinate, 2–6 µm thick, slightly slender at the poles. Ratio ectosexine/endosexine:
1:1.5; 1:2. Nexine 1.5 µm thick. SEM: tectum punctate.
Habitat and distribution. Genus with only one species, Eriachaenium magellanicum
Sch. Bip., endemic to Patagonia in Argentina and Chile (Fig. 3). It grows in mud, sand, and
pebbles either along the margins of inland somewhat saline lakes or near the coast in
estuaries (Moore 1983).
Species list:
Eriachaenium magellanicum Sch. Bip., Flora 38: 121. 1855. TYPE: Chile. Prov.
Magallanes: Oazy Harbour, Lechler 1256 (type, probably SGO).
Adenocaulon Hook.
Bot. Misc. 1: 19. 1829. TYPE: Adenocaulon bicolor Hook.
Etymology. From the Greek aden, gland, and kaulos, stalk, stem, describing the stalked
glandular hairs. Figs. 4 & 5.
Herbs perennial, scapiform with stout rhizomes, stems simple, erect, with stipitateglandular hairs. Leaves glabrous to subglabrous above, tomentose beneath; basal leaves
rosulate to sub-rosulate; petiolate to pseudopetiolate; blades elliptic, ovate, obovate, to
deltoid, margin entire to lyrate, pinnately to palmately veined; upper leaves similar to the
basal ones but few and reduced. Inflorescence terminal, laxly racemose to corymbose, on
long peduncles; heads pedunculate, heterogamous, disciform; receptacle epaleate;
involucre uniseriate. Florets dimorphic; marginal florets female, without staminodes,
corolla sub-bilabiate (3+1 corolla lips), tubular-funnelform 4- to 5-lobed, rarely bilabiate;
central florets male with a rudimentary ovary, corolla tubular-funnelform, deeply 5-lobed;
anther apical appendages rounded to acute at the apex, basally constricted and demarcated
from the thecae, pollen sacs light colored and basally auriculate with tails very short,
smooth; style bilobed, branches dorsally papillose. Cypsela truncate at the apex, pubescent
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(glandular multiseriate capitate hairs), dimorphic, marginal cypselae conspicuously bigger
than the central ones; pappus absent. [modified from Katinas 2000]
Pollen spheroidal, circular in polar view, medium size, P x E= (26–32 x 26–30)
µm. Tricolporate, colpi long with thin margin and microgranulate membrane,
mesoaperture diffuse. Exine Mutisia type, microechinate, 4–5 µm thick, slightly slender at
the poles. Ratio ectosexine/endosexine: 1:1.5; 1:2. Nexine 1.5 µm thick. SEM: tectum
punctate. Note: pollen of A. bicolor was found to be identical to that of A. chilense Less.
Habitat and distribution: Genus of five species with a disjunct distribution in
Patagonia, Mesoamerica, northern United States and southern Canada, and southeastern
Asia (Fig. 3). Inhabits moist forests in the understory of Pinus spp., Quercus spp. and
Nothofagus spp.
Species list: 5 species falling into three morphological groups that are biogeographically
distinct (according to Blake 1934):
Group A: North America and East Asia
1. Adenocaulon bicolor Hook., Bot. Misc. 1: 19. 1830. (British Colombia to south central
California, eastward to Montana and sparingly to Michigan)
Adenocaulon integrifolium Nutt.
2. Adenocaulon himalaicum Edgew., Trans. Linn. Soc. London 20: 64. 1851. Himalayan
region and Japan
Adenocaulon adhaerescens Maxim. (described from Japan)
3. Adenocaulon nepalense M. Bittmann, Candollea 45: 403. 1990. Nepal
Group B: Chiapas, Mexico & Guatemala
4. Adenocaulon lyratum S. F. Blake, J. Wash. Acad. Sci. 24: 435 1934.
Group C: South America
5. Adenocaulon chilense Less., Linnaea 6: 107. 1831. (Southern Chile and the Magellan
region)
Adenocaulon lechleri Sch. Bip.
Conclusion
Perhaps the best conclusion is to review synapomorphies for the Eriachaenium +
Adenocaulon clade. With the phylogeny available we can examine the characters that
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group the two genera. That does not mean that none of the other species in the family or
even in the Mutisioideae have these characters, it means that, when examined in the light
of the phylogeny they are deemed synapomorphies for the Eriachaenium + Adenocaulon
clade.
1. Within the Mutisioideae s.s. the tails are short only in Adenocaulon and Eriachaenium
(Figs. 2 J, 5 J).
2. Within the Mutisieae s.s. the anther collar is only found in Adenocaulon and
Eriachaenium.
3 & 4. Two synapomorphies that are most likely linked are the dimorphic florets and
cypselae: the marginal, functionally female florets (Figs. 2 D, E & 5 D, E) have larger
cypselae (Figs. 2 D, G, & 5 D, G) and the central, functionally male florets (Figs. 2 F & 5
F) have smaller cypselae (Figs. 2 H & 5 H).
5. It is interesting to note that in these two genera the florets’ dimorphism is not
conspicuous, while in all the other genera of the tribe it is. In fact, within the Mutisieae s.s.
there is an impressive variety of colors of the marginal florets which easily distinguishes
them from the central florets. Therefore, the character of “inconspicuously dimorphic
florets” found in the Eriachaenium + Adenocaulon clade and not found in the Mutisieae
s.s., can also be considered as a synapomorphy.
6. The presence of tubulose 4-lobed corollas in the marginal florets in both genera
indicates a strong affinity between the two genera because while tetramerous central florets
are common in Compositae, such corollas rarely occur as marginal ones.
7. Even though Eriachaenium and Adenocaulon have a Mutisia exine type of pollen, the
grains are small and spheroid with a thin exine, whereas those of Mutisioideae (excluding
Nassauvieae) are usually large and elliptic with a thick exine. This type of pollen grain is
unique in the Mutisieae and it approaches the Artemisia exine type (Anthemideae).
8. Both genera lack a pappus (Fig. 2 D–G; Fig. 5 D–G). The absence of a pappus is
widespread in other tribes of Compositae (e.g., Heliantheae s.s.) but it is very rare in
Mutisioideae (only found in Adenocaulinae and Cephalopappus and Panphalea of the tribe
Nassauvieae).
9. Both genera have their cypselae covered with unusual pubescence: Eriachaenium has
multicellular, flagellate, filiform hairs that are confined to the cypsela (Fig. 2 D, F–H, K)
and Adenocaulon has multiseriate, capitate, glandular pubescence (the glands are dark
purple) and this pubescence is found on other parts of the inflorescence (Figs. 4 D, E & 5
B, D, E, G, K).
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10. Eriachaenium and Adenocaulon both grow in habitats that are unusual for the family:
Eriacheanium practically buries itself in the sandy mud (Fig. 1 B, E) and when we found
it, it was a few feet above the water line of some, but certainly not all, lakes/ponds in the
mountains of Patagonia (Fig. 1 A); Adenocaulon inhabits the floor of relatively moist
forests (Fig. 2A–C). Both of these are rather extreme limits of the habitat for the family.
Perhaps this movement into these habitats has triggered their unusual morphology.
Another potential synapomorphy is the bullate leaves found in both genera. But,
more data need to be gathered to be sure of its distribution in the Mutisioideae.
We can also list some characters that we now think are plesiomorphic for the
Eriachaenium + Adenocaulon clade in that they are shared with other parts of the basal
grade: central corollas deeply lobed; style shortly bifid with an apex that is rounded or
slightly acute; style apex shortly papillose; pollen with exine psilate or microechinate and
pollen of the Anthemoid pattern. The pollen grains in Eriachaenium and Adenocaulon
share features with many taxa in the Mutisioideae and with Anthemideae. However, at this
point, the occurrence of the “anthemoid” pollen in the Anthemideae is considered to be
independent of its occurrence in the Mutisioideae.
In future studies we hope to expand these lists as well as determine the point on the
cladogram where the plesiomorphic characters are actually apomorphic.
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Fig. 1: Eriachaenium. A. General habitat, muddy shores of temporal lakes; central Chubut
(Argentina). B. Habit detail; notice stems adpressed to the ground. C. Lateral view of
rhizome. D. Dorsal view of rhizome; compare with C and note the flattened nature of
rhizome. E. Close up of leaves, note the bullate condition. F. Detail of heads. G. Detail of
heads; arrows point marginal florets. [photos by M. Bonifacino]
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Fig. 2: Eriachaenium magellanicum (from Katinas 2000). A. habit; B. head; C. phyllary;
D. marginal floret; E. marginal floret opened showing the staminodes; F. central floret; G.
marginal cypsela; H. central cypsela; I. upper part of style; J. stamen; K. cypsela hair
flagellate, filiform. (A. magellanicum: Birabén and Birabén 242 LP; B–F I–K Sleumer 908
LP; G–H LP s.n. ex LPS 13745)
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Fig. 3: Map showing distribution of Eriachaenium and Adenocaulon.

167

Fig. 4: Adenocaulon. A. Habitat, understory of Nothofagus dominated forest (Araucanía
Region, Chile). B. Habit. C. Close up of rosette, note the bullate leaves. D. Close up of
heads; arrows indicate marginal florets, note the conspicuous glandular trichomes on
peduncles and other parts of the inflorescence. E. Close up of fruiting head; note the same
trichomes on fruits. [photos by M. Bonifacino]
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Fig. 5: Adenocaulon (from Katinas 2000). A. habit; B. head; C. phyllary; D–E. ray florets;
F. disc floret; G. ray cypsela; H. disc cypsela; I. upper part of style; J. stamen; K. cypsela
hair multiseriate, capitate, glandular. (A. chilense: ALP s.n. ex LPS 16554; B–D, F
Cabrera et al. 23066 LP; G–H Ricardi et al. 1983 LP. A. bicolor: E Hedgcock s.n. LP, I–K
Morrison 121 LP)
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Fig. 6: Simplified phylogeny showing placement of Eriachaenium and Adenocaulon.
Numbers on branches reflect the Bayesian inference.
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