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ABSTRACT
Dasyphyllum Kunth is the most diverse genus of the South American subfamily
Barnadesioideae (Asteraceae), comprising 33 species that occur in tropical Andes,
Atlantic Forest, Caatinga, Cerrado, and Chaco. Based on distribution, variation
in anther apical appendages, and leaf venation pattern, it has traditionally
been divided into two subgenera, namely, Archidasyphyllum and Dasyphyllum.
Further, based on involucre size and capitula arrangement, two sections have been
recognized within subgenus Dasyphyllum: Macrocephala and Microcephala
(=Dasyphyllum). Here, we report a phylogenetic analysis performed to test the
monophyly of Dasyphyllum and its infrageneric classification based on molecular
data from three non-coding regions (trnL-trnF, psbA-trnH, and ITS), using a broad
taxonomic sampling of Dasyphyllum and representatives of all nine genera of
Barnadesioideae. Moreover, we used a phylogenetic framework to investigate
the evolution of the morphological characters traditionally used to recognize its
infrageneric groups. Our results show that neither Dasyphyllum nor its infrageneric
classification are currently monophyletic. Based on phylogenetic, morphological,
and biogeographical evidence, we propose a new circumscription for Dasyphyllum,
elevating subgenus Archidasyphyllum to generic rank and doing away with the
infrageneric classification. Ancestral states reconstruction shows that the ancestor of
Dasyphyllum probably had acrodromous leaf venation, bifid anther apical
appendages, involucres up to 18 mm in length, and capitula arranged in
synflorescence.

Subjects Biodiversity, Evolutionary Studies, Molecular Biology, Plant Science, Taxonomy
Keywords Asterids, Compositae, Character Evolution, South America, Systematics, Taxonomy

INTRODUCTION
Systematics of Asteraceae (Composite) has undergone major change over the last four
decades, mainly due to the insights provided by molecular data. One of the pioneering
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molecular studies demonstrated an inversion of 22 kb in the chloroplast genome of
all Asteraceae, except for the members of subtribe Barnadesiinae, tribe Mutiseae (Jansen &
Palmer, 1987). Subsequent phylogenetic studies indicated that Barnadesiinae is the
sister group to the rest of the family (Bremer, 1987; Jansen et al., 1992); therefore, the
subtribe was elevated to the rank of subfamily as Barnadesioideae (Bremer & Jansen, 1992).

Barnadesioideae comprises nine genera and approximately 85 species, and is
restricted to South America (Bremer, 1987, 1994; Jansen et al., 1992; Panero & Funk, 2002;
Funk et al., 2005, 2009; Panero et al., 2014; Panero & Crozier, 2016; Saavedra et al., 2018).
Its members are characterized by the presence of axillary spines arranged at the
nodes, in pairs or in fascicles, and by the presence of unbranched three-celled hairs
called “barnadesioid trichomes” on the corollas, cypselae, and pappus (Cabrera, 1959;
Ezcurra, 1985; Bremer & Jansen, 1992; Bremer, 1994; Urtubey, 1999; Erbar & Leins, 2000;
Ulloa, Jørgensen & Dillon, 2002; Stuessy, Urtubey & Gruenstaeudl, 2009).

Dasyphyllum is the largest genus in Barnadesioideae, comprising 33 species
(Saavedra, 2011; Saavedra et al., 2018; Fig. 1) distributed from Venezuela to Northwestern
Argentina, but absent in the Amazon region (Cabrera, 1959; Saavedra, 2011; Saavedra,
Monge & Guimarães, 2014). The genus is morphologically diverse and can be
distinguished from the other genera of Barnadesioideae by including trees, shrubs,
and woody vines with pairs of straight, curved, or fasciculate spines, together with simple,
alternate leaves; monoecious or gynodioecious capitula, comprising discoid heads
with many types of corolla (Stuessy & Urtubey, 2006), and anthers with apical appendages
that are either bifid or undivided (Cabrera, 1959; Stuessy, Urtubey & Gruenstaeudl, 2009;
Saavedra, 2011).

Cabrera (1959) proposed the first infrageneric classification of Dasyphyllum,
recognizing 36 species in two subgenera distinguished by several morphological
characters and disjunct distributions. Subgenus Archidasyphyllum Cabrera comprised
two tree-species and was characterized by the presence of leaves with pinnate venation and
emarginate or obtuse anther apical appendages. Both species are restricted to the
Nothofagus forests of central Chile and Argentina. In contrast, subgenus Dasyphyllum
Cabrera comprised 34 tree or shrubs species, with acrodromous leaf venation and
bifid anther apical appendages, distributed from the Andes eastward into tropical
Argentina, Brazil, and Paraguay. Within subgenus Dasyphyllum, two sections are currently
recognized: section Microcephala Cabrera (23 species) and section Macrocephala
Cabrera (11 species). The two sections are distinguished by involucre size and capitula
arrangement with section Macrocephala having involucre longer than 20 mm in length
and arranged in a solitary or small group of heads (Figs. 1A and 1B) and section
Microcephala having heads arranged in synflorescence (corymbiform cymes) smaller than
18 mm in length (Figs. 1C–1F).

Nonetheless, the treatment by Cabrera (1959) often relied on a single and narrow
morphological concept to define the species. Due to the great morphological
variation, floristic studies undertaken in Brazil have shown that many characteristics
overlap; thus casting doubt on species delimitation (Roque & Pirani, 1997;
Saavedra et al., 2018).
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In this context, Saavedra (2011) and Saavedra et al. (2018) updated the taxonomy
of Dasyphyllum, recognizing 33 species. Thirty of them were classified in
two sections using the same morphological definition for sections provided by
Cabrera (1959), that is, Dasyphyllum Cabrera with 24 species, and Macrocephala
Baker ex Saavedra with six species; and the remaining three species

Figure 1 Photos of some Dasyphyllum species. (A) Dasyphyllum reticulatum (DC.) Cabrera.
(B) Dasyphyllum sprengelianum (Gardner) Cabrera. (C) Dasyphyllum brasiliense (Spreng.) Cabrera.
(D) Dasyphyllum leptacanthum (Gardner) Cabrera. (E) Dasyphyllum diamantinense Saavedra &M.Monge.
(F) Dasyphyllum flagellare (Casar.) Cabrera. Photo credits: Photographs by Cláudio N. Fraga, except A (by
Mariana M. Saavedra) and B (by Paola L. Ferreira). Full-size DOI: 10.7717/peerj.6475/fig-1
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(D. diacanthoides, D. excelsum belonging to D. subgenus Archidasyphyllum, and
D. hystrix) were placed as incertae sedis.

Several phylogenetic studies aiming to clarify the phylogenetic relationships
within Barnadesioideae have included species of Dasyphyllum (Bremer, 1994; Stuessy,
Sang & DeVore, 1996; Gustafsson et al., 2001; Urtubey & Stuessy, 2001; Gruenstaeudl et al.,
2009) but none of them representative of taxon sampling from each genus. Furthermore,
these phylogenetic results proposed conflicting hypotheses for the relationships
within the subfamily, especially regarding the monophyly of Dasyphyllum and its
infrageneric classification.

Therefore, the main purposes of this work were to: (1) infer the intergeneric
relationships of Dasyphyllum based on three molecular markers (plastid trnL-trnF and
psbA-trnH, and nuclear ITS) using a broad taxonomic sampling of Barnadesioideae;
(2) test the current circumscription of Dasyphyllum and its infrageneric classification
according to Saavedra (2011) and Saavedra et al. (2018), and update the taxonomy; and
(3) investigate the character evolution of Dasyphyllum.

MATERIALS AND METHODS
Taxon sampling
A total of 60 out of the 85 species of Barnadesioideae, representing all nine genera, were
sampled in this study. This included 27 of the 33 species (82%) from all sections of
Dasyphyllum (Saavedra, 2011; Saavedra et al., 2018), covering most of its morphological
diversity and geographical distribution. The six species missing in our analysis
were not included due to unsuccessful DNA extractions or because we could not
obtain voucher materials on loan for DNA extraction. A total of 61 accessions were
newly sequenced and deposited in GenBank (Table S1); additionally, 125 accessions were
obtained from previous studies (Gustafsson et al., 2001; Gruenstaeudl et al., 2009;
Katinas et al., 2008; Funk & Roque, 2011; Funk et al., 2014; Table S2). Two species of
Mutisia (Asteraceae: Mutisioideae) and one species of Calycera (Calyceraceae) were used
as outgroups. All phylogenetic trees were rooted against to Calyceraceae, the sister
family of Asteraceae (Barker et al., 2016; Panero & Crozier, 2016).

Molecular analysis
Total genomic DNA was extracted from three to five mg of silica-gel dried leaves using the
Qiagen DNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA) according to the instructions
by the manufacturer. We selected and amplified three regions previously used to infer
the phylogenetic relationships in Barnadesioideae: trnL-trnF using primers “c” and “f”
(Taberlet et al., 1991); psbA-trnH using primers “psbAF” and “trnHR” (Sang, Crawford &
Stuessy, 1997); and ITS using primers 18s F and 26s R (Gruenstaeudl et al., 2009).
PCR reaction mixtures and purification were carried out after as per Bruniera, Kallunki &
Groppo (2015). Thermal cycling for plastid amplification was performed using initial
denaturation at 94 �C (8 min), followed by 30 cycles at 94 �C (1 min), 54 �C (1 min), 72 �C,
(2 min), ending with an elongation at 72 �C (3 min). Nuclear thermal cycling was
performed according to Barfuss et al. (2005), except for the annealing temperature of 62 �C

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 4/19

http://dx.doi.org/10.7717/peerj.6475/supp-5
http://dx.doi.org/10.7717/peerj.6475/supp-6
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


(used in this study). Sequencing of the amplified DNA regions was performed at CREBIO
(Jaboticabal, São Paulo, Brazil) with the same primers used for PCR amplification.

Sequences were assembled and edited using the Biological Sequence Alignment Editor
(BioEdit), version 7.2.5 (Hall, 1999). We performed sequence alignments using
MAFFT version 7 (Katoh & Standley, 2013) with default parameters, followed by manual
adjustments with Mesquite version 3.51 (Maddison & Maddison, 2018). All data
matrices generated are included in Data S1.

Phylogenetic trees for each molecular region and the combined datasets were constructed
under parsimony (PA), maximum likelihood (ML), and Bayesian inference (BI). PA analyses
were performed in PAUP� version 4.0b10 (Swofford, 2002). Heuristics searches were
performed with 10,000 random addition sequence replicates holding 10 trees at each step,
tree-bisection-reconnection (TBR) branch swapping, with the “steepest descent” and
“multrees” options off. All characters were unordered and equally weighted. Bootstrapping
was implemented with 1,000 pseudoreplicates, 10,000 random taxon addition, and TBR
branch-swapping algorithm. Bootstrap (BP) support values in the following ranges were
considered strong (>88%), moderate (76–87%), weak (63–75%), and ambiguous (<63%)
following Bruniera, Kallunki & Groppo (2015).

Maximum likelihood and BI analyses were performed on the CIPRES Science Gateway
(Miller, Pfeiffer & Schwartz, 2010). The most appropriate model of sequence evolution
for each matrix was selected using the Akaike information criterion (Akaike, 1973)
in jModelTest version 2.1.9 (Posada, 2008; Darriba et al., 2012). Selected models were
GTR + I + G for ITS and GTR + G for both psbA-trnH and trnL-trnF.

Maximum likelihood analyses were performed using RaxML version 8 (Stamatakis,
2014) associated with a rapid BP analysis of 1,000 replicates under the GTRCAT model.
ML BP were interpreted as in the PA analyses.

Bayesian inference analyses were performed in MrBayes version 3.2.6 (Ronquist et al.,
2012) using two independent runs, each run with four simultaneous Markov chains
(three heated chains and one cold chain) started from random trees. Analyses were run for
20 million generations, and values were sampled every 1,000 generations. The stationarity
and convergence of runs, as the effective sample size �200 were ascertained using
Tracer version 1.6 (Rambaut et al., 2013). The first 25% of the sample trees were
discarded as burn-in and a 50% majority-rule consensus tree was calculated from the
remaining trees using the sumt option. Posterior probabilities (PP) above 0.95 were
considered as strong support.

The incongruence length difference test (ILD; Farris et al., 1995) was performed to
test the congruence between the plastid marker datasets (psbA-trnH and trnL-trnF)
and the combined marker datasets generated in this study (psbA-trnH, trnL-trnF, and
ITS). The ILD test was performed using PAUP� version 4.0b10 (Swofford, 2002) with
1,000 replicates and the same parameters used for PA searches.

Taxonomy
The electronic version of this article in portable document format will represent a
published work according to the international code of nomenclature for algae, fungi, and
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plants (ICN), and hence the new names contained in the electronic version are effectively
published under that Code from the electronic edition alone. In addition, new names
contained in this work which have been issued with identifiers by IPNI will eventually be
made available to the global names index. The IPNI LSIDs can be resolved and the
associated information viewed through any standard web browser by appending the LSID
contained in this publication to the prefix “http://ipni.org/”. The online version of this
work is archived and available from the following digital repositories: PeerJ, PubMed
Central, and CLOCKSS.

Ancestral state reconstruction
In order to understand how the morphological features traditionally used to recognize the
infrageneric groups have evolved in Dasyphyllum, we reconstructed ancestral
character traits using the Bayesian majority-rule consensus tree based on the combined
datasets (trnL-trnF, psbA-trnH, and ITS) and further ultrametrized using the
chronopl function with default parameters in the R package “ape” (Paradis, Claude &
Strimmer, 2004). Ancestral state reconstructions were estimated from 1,000 iterations of
Bayesian stochastic character mapping (Bollback, 2006) using the function make.simmap
in the R package phytools (Revell, 2012). Coding of morphological characters was
extracted from the literature (Cabrera, 1959; Stuessy, Urtubey & Gruenstaeudl, 2009;
Funk & Roque, 2011; Saavedra, 2011; Saavedra, Monge & Guimarães, 2014; Saavedra et al.,
2018) and from examination of specimens from the following herbaria: ALCB, B,
BAF, BHCB, BM, BOTU, BR, CEN, CEPEC, CESJ, CONC, CVRD, EAC, ESA, GFJP,
GOET, GUYN, HB, HEPH, HPBR, HRCB, HST, HUEFS, HUFU, IBGE, ICN, IPA, JBP, K,
LP, M, MBM, MBML, MO, MOSS, NY, OUPR, P, PACA, PEUFR, QCA, R, RB, S, SI,
SP, SPF, SPFR, UB, UEC, UFG, UFMT, UFP, UFRN, UPCB, US, VIC (herbaria acronyms
follow Thiers, 2018). A list of morphological characters and their character state coding
used for the ancestral state reconstruction is detailed in Table 1.

Scanning electron microscopy was used to examine anther apical appendages
in two species of Dasyphyllum. Dried florets were rehydrated with hot water and
stored in 70% ethanol; then, anthers were critically point dried, sputter coated with gold
and analyzed using an EVO 50 scanning electron microscope (Carl Zeiss,
Cambridge, UK).

RESULTS
Phylogenetic analyses
The ILD test did not indicate incongruences between the plastid and combined datasets
(P > 0.05), thus allowing both to be used for further phylogenetic analyses.
Moreover, based on the results of BP and PP (>80), we did not find any evidence of
significant incongruence among the relationships that differed between the trees
(Fig. 2; Figs. S1–S4). Therefore, we decided to discuss our results based on the combined
analysis of the three regions as it includes the largest number of taxa (Fig. 2).
Our combined alignment consisted of 2,414 bp (trnl-trnF = 912 bp; psbA-trnH = 537;
ITS = 965 bp) for 63 taxa (see summary statistics for each dataset in Table 2).
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In all phylogenetic hypotheses, Dasyphyllum was found to be non-monophyletic due
to the highly supported position of D. diacanthoides and D. excelsum (formely
subgenus Archidasyphyllum) as sister clade to Fulcaldea and Arnaldoa (Fig. 2, Node 1,
PA BP 99%, ML BP 100%, PP 1).

Dasyphyllum sensu stricto, defined here by excluding D. diacanthoides and D. excelsum,
was recovered as monophyletic with moderate or strong support (Fig. 2; Node 2;

Table 1 Diagnostic feature coding used to infer the Bayesian stochastic character mapping analyses.

Taxon Leaf
venation

Anther apical
appendage

Involucre
size

Capitula
arrangement

Arnaldoa macbrideana 0 0 0 0

Arnaldoa weberbaueri 0 0 0 0

Dasyphyllum argenteum 0 1 1 1

Dasyphyllum armatum 0 1 1 1

Dasyphyllum brasiliense 0 1 1 1

Dasyphyllum brevispinum 0 1 1 1

Dasyphyllum colombianum 0 1 1 1

Dasyphyllum diacanthoides 1 2 1 0

Dasyphyllum diamantinense 0 1 1 1

Dasyphyllum donianum 0 1 0 0

Dasyphyllum excelsum 1 2 1 1

Dasyphyllum ferox 0 1 1 1

Dasyphyllum flagellare 0 1 1 1

Dasyphyllum floribundum 0 1 1 1

Dasyphyllum fodinarum 0 1 0 0

Dasyphyllum hystrix 0 1 1 0

Dasyphyllum inerme 0 1 1 1

Dasyphyllum lanceolatum 0 1 1 1

Dasyphyllum leptacanthum 0 1 1 0

Dasyphyllum popayanense 0 1 1 1

Dasyphyllum reticulatum 0 1 0 0

Dasyphyllum spinescens 0 1 1 1

Dasyphyllum sprengelianum 0 1 0 0

Dasyphyllum trichophyllum 0 1 0 0

Dasyphyllum vagans 0 1 1 1

Dasyphyllum sp. nov. (1) 0 1 0 0

Dasyphyllum sp. nov. (2) 0 1 1 1

Dasyphyllum sp. nov. (3) 0 1 1 1

Dasyphyllum sp. nov. (4) 0 1 1 1

Fulcaldea laurifolia 0 0 1 1

Fulcaldea stuessy 0 0 1 1

Note:
Leaf venation: (0) Acrodomous, (1) Pinnate. Anther apical appendage: (0) Acute, (1) Bifid, (2) Obtuse. Involucre size:
(0) �20 mm, (1) �18 mm. Capitula arrangement: (0) Solitary or few capitula (1) Capitula arranged in synflorescences
(corymbiform cymes).
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PA BP 76%, ML BP 98%, PP 1). However, at the intrageneric level, both currently-accepted
sections (Dasyphyllum and Macrocephala) were found to be non-monophyletic.
Members of Dasyphyllum sensu stricto are divided into four main lineages: (1) lineage “A”
is composed only of D. hystrix and is sister to the rest of the genus (PA BP 76%, ML BP
98%, PP 1); (2) lineage “B” comprises seven species classified in section. Dasyphyllum
of Saavedra (2011) and is only supported in the Bayesian analysis (PP 0.97); (3) lineage “C”
is composed of 11 species, including approximately 46% of the species currently classified
in sect. Dasyphyllum of Saavedra (2011), with no strong support in any analysis;
(4) lineage “D” is composed of five of the six species positioned in sect. Macrocephala of
Saavedra et al. (2018), plus one undescribed Brazilian species (Dasyphyllum sp. nov. 1)

Figure 2 Phylogenetic relationships of Dasyphyllum based on combined datasets inferred from
Bayesian inference. Support values are indicated above the branches in the order of parsimony, max-
imum likelihood, and Bayesian analyses. Support values less than 63% are indicated by a dash (–). Capital
letters on internal clades of Dasyphyllum are discussed in the article.

Full-size DOI: 10.7717/peerj.6475/fig-2
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previously positioned in sect. Dasyphyllum of Saavedra (2011), and it is only strongly
supported in the Bayesian analysis (PP 0.97).

The phylogenetic analyses of individual (Figs. S1 and S2) and combined (Fig. S3) plastid
marker datasets do not have good resolutions or supports and do not clarify the
relationships ofDasyphyllum sensu stricto and the rest of the subfamily. On the other hand,
in the ITS (Fig. S4) and combined phylogenies (Fig. 2), Dasyphyllum is placed as
sister to the clade comprising Arnaldoa, Fulcaldea, D. diacanthoides, and D. excelsum
((PA BP 98%, ML BP 100%, PP1) support values for ITS; PA BP 99%, ML BP 100%, PP 1
support values for combined).

Ancestral state reconstruction analyses
Bayesian stochastic character mapping demonstrated that the ancestral condition in
Dasyphyllum sensu stricto is acrodromous leaf venation (PP = 0.99; Fig. 3A), bifid anther
apical appendages (PP = 0.96; Fig. 3B), and small involucres (PP = 0.99; Fig. 3C) with
capitula arranged into an synflorescence (PP = 0.66; Fig. 3D). Pinnate venation (Fig. 3A)
and obtuse anther apical appendages (Fig. 3B) evolved in the ancestor of the clade
comprising D. diacanthoides and D. excelsum (PP 0.95 and PP 0.82, respectively). The
larger involucre larger (�20 mm) is inferred to have evolved twice, since it appears in the
ancestor of lineage “D” (PP 0.98), and in the Arnaldoa clade (PP 0.95). Regarding capitula
arrangement, solitary, or arranged in few inflorescences (2–4) is a derived state and
appears at least five times over the evolutionary history of the group.

DISCUSSION
Previous molecular phylogenetic hypotheses aimed to clarify the intergeneric relationships
within Barnadesioideae, but they only included a limited taxonomic sampling from
each genus (Gustafsson et al., 2001; Gruenstaeudl et al., 2009). Our combined phylogeny
greatly improves the taxonomic coverage by including almost 82% of the species
recognized as belonging to Dasyphyllum. The results obtained here allowed us to review
the generic taxonomy and to discuss the morphological features used to recognize the
infrageneric groups within this genus.

Table 2 Summary statistics of the datasets used in this study.

trnL-trnF psbA-trnH ITS Plastid
dataset

Combined
dataset

Number of taxa included 53 49 60 53 63

Aligned length (BP) 912 537 965 1,449 2,414

Number of constant characters (%) 807 (88.49) 386 (71.88) 499 (51.71) 1,139 (78.61) 1,692 (70.09)

Number of variable characters (%) 105 (11.51) 151 (28.12) 466 (48.29) 310 (21.39) 722 (29.91)

Number of parsimony informative characters (%) 53 (5.81) 61 (11.36) 346 (35.85) 114 (7.87) 460 (19.06)

Tree length of best parsimony tree (steps) 120 222 1,375 348 1,743

Number of most parsimonious trees 20.251 3.120 309 11.337 3,475

Consistency index (CI) 0.9083 0.8018 0.4611 0.1753 0.4102

Retention index (RI) 0.9722 0.8739 0.4412 0.9181 0.8314
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Re-circumscription of Dasyphyllum
All phylogenetic analyses show that, as traditionally circumscribed, Dasyphyllum is
non-monophyletic due to the well-supported placement of D. diacanthoides and
D. excelsum, which belong to Dasyphyllum subg. Archidasyphyllum, sensu Cabrera (1959),
in a clade sister to Arnaldoa and Fulcaldea (Fig. 2; Figs. S1–S4), a finding that
confirms previous studies based on molecular data (Gustafsson et al., 2001; Gruenstaeudl
et al., 2009; Funk & Roque, 2011; Padin, Calviño & Ezcurra, 2015). Despite their
shared Andean distribution, the clade comprising Arnaldoa, Fulcaldea, D. diacanthoides,
and D. excelsum is morphologically diverse and well-defined into distinct genera:
Fulcaldea comprises two species of shrubs or small trees found in southern Ecuador,
northern Peru, and Brazil; the species of this genus are distinguished by having
single-flowered capitula, a style with subapical swelling, and villose pappus with red
or pink bristles (Gustafsson et al., 2001; Stuessy, Urtubey & Gruenstaeudl, 2009; Funk &
Roque, 2011). On the other hand, Arnaldoa comprises three shrubs species distributed
in Ecuador and northern Peru; they are distinguished by their large and solitary

Figure 3 History of the morphological characters traditionally used to circumscribe infrageneric
groups of Dasyphyllum. (A) Leaf venation. (B) Anther apical appendage. (C) Involucre size. (D) Capi-
tula arrangement. Squares to the right and left of the phylogeny are color-coded according to each
character state. Pie charts at nodes represent posterior probabilities of ancestral states using Bayesian
inference. Full-size DOI: 10.7717/peerj.6475/fig-3

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 10/19

http://dx.doi.org/10.7717/peerj.6475/supp-1
http://dx.doi.org/10.7717/peerj.6475/supp-4
http://dx.doi.org/10.7717/peerj.6475/fig-3
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


capitula with sub-bilabiate, white, orange, or purple corollas (Stuessy & Sagástegui, 1993;
Ulloa, Jørgensen & Dillon, 2002). In contrast, D. diacanthoides and D. excelsum are
restricted to the relict Nothofagus forests of central Chile and adjacent areas of Argentina
(Cabrera, 1959; Gustafsson et al., 2001; Gruenstaeudl et al., 2009; Stuessy, Urtubey &
Gruenstaeudl, 2009) and are easily distinguished from Fulcaldea and Arnaldoa because
D. diacanthoides and D. excelsum are tall trees (up to 30 m) with leaves showing pinnate
venation (Figs. 3A, 4A and 4B), solitary or spiciform (Fig. 3D), gynodioecious or
monoecious capitula with more than one flower, and emarginated or obtuse anther apical

Figure 4 Diaphanized leaves showing the differences in venation. (A and B) show the pinnate
venation of Dasyphyllum subgenus Archidasyphyllum. (C and D) show the acrodomous venation of
Dasyphyllum sensu stricto. Photos: (A) Dasyphyllum excelsum. (B) Dasyphyllum diacanthoides.
(C) Dasyphyllum argenteum. (D) Dasyphyllum brasiliense. All photographs were extracted from Saavedra
(2011). Full-size DOI: 10.7717/peerj.6475/fig-4
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appendages (Figs. 3B and 5A; Cabrera, 1959; Saavedra, 2011). Due to the great
morphological diversity, classifying Arnaldoa, Fulcaldea, and Dasyphyllum subg.
Archidasyphyllum together in one single unit would result in several undesirable
taxonomic changes and create a drastically broader genus concept with no obvious
morphological support.

Instead, we propose a new circumscription of Dasyphyllum by elevating subg.
Archidasyphyllum to the generic rank, Archidasyphyllum. This proposal is phylogenetically
well-supported and consistent with leaf venation pattern (Fig. 4), anther apical appendage
shape (Fig. 5), and distributional data (Stuessy, Sang & DeVore, 1996; Gruenstaeudl
et al., 2009; Saavedra, 2011). New combinations and a key for this genus, as well as other
commentaries about the distribution and phenology of the species, are presented at the
end of the manuscript.

Dasyphyllum sensu stricto—intergeneric relationships and
infrageneric classification
The phylogenetic relationships of Dasyphyllum with genera in Barnadesioideae remains
unresolved. Our phylogenetic hypotheses are consistent with the placement of Dasyphyllum
as a sister clade to the clade comprising Arnaldoa, Fulcaldea, and Archidasyphyllum (Fig. 2;
Fig. S4). This relationship was also supported by previous molecular phylogenetic
analyses (Gustafsson et al., 2001; Gruenstaeudl et al., 2009; Funk & Roque, 2011).

As stated in the introduction, Dasyphyllum sensu stricto (D. subgenus Dasyphyllum,
sensu Cabrera, 1959) has been traditionally divided into two sections based on involucre
size and capitula arrangement. Our results indicated that neither section is monophyletic
(Fig. 2). Section Macrocephala comprises six species found in adjacent areas of Bolivia

Figure 5 Scanning electron microscopy images showing the differences in anther apical appendages.
(A) apical appendages obtuse of Dasyphyllum diacanthoides (Dasyphyllum subgenus Archidasyphyllum).
(B) apical appendages bifid of Dasyphyllum trichophyllum (Baker) Cabrera (Dasyphyllum sensu stricto).

Full-size DOI: 10.7717/peerj.6475/fig-5
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and Paraguay (Saavedra et al., 2018) that share the presence of few large capitula, solitary
or in small groups of heads (Figs. 1A and 1B), and it can be recognized as a monophyletic
group by inclusion of Dasyphyllum. sp. nov. (1). Although these morphological features
have evolved more than once over evolutionary history (Figs. 3C and 3D), they are useful
to define this clade. Moreover, our Bayesian stochastic mapping analyses showed that
the character states previously used to define section Dasyphyllum (involucre up to 18 mm
in length and capitula arranged in synflorescences; Figs. 3C and 3D) are plesiomorphic,
and therefore cannot be used to delimitate infrageneric groups as previously
proposed by Cabrera (1959) and Saavedra (2011).

Based on our taxonomic sampling, species of Dasyphyllum sensu stricto fall into four
heterogeneous and poorly supported lineages (Fig. 2; lineages A–D). Therefore, the results
of this work do not corroborate the subdivision of Dasyphyllum into sections and they
should be abandoned.

Taxonomic treatment
Archidasyphyllum (Cabrera) P.L.Ferreira, Saavedra & Groppo, stat. nov.h Dasyphyllum
subgenus Archidasyphyllum Cabrera, Revista Mus. de La Plata, Secc. Bot., 9(38):
44. 1959. Type: Archidasyphyllum diacanthoides (Less.) P.L.Ferreira, Saavedra & Groppo.

Etymology. Archi (Greek) = First, Primitive; Dasyphyllum = genus that belongs to
Barnadesioideae. Cabrera (1959) suggested that Dasyphyllum subgenus Archidasyphyllum
is the earliest diverging group of the subfamily Barnadesioideae.

Key to species of Archidasyphyllum

1. Capitula solitary on the branches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A. diacanthoides

1. Capitula arranged in spiciform synflorescences . . . . . . . . . . . . . . . . . . . . . . . . . . . . A. excelsum

New combinations:

Archidasyphyllum diacanthoides (Less.) P.L.Ferreira, Saavedra & Groppo comb. nov. h
Flotovia diacanthoides Less, Syn. Gen. Compos.: 95. 1832. h Piptocarpha diacanthoides
(Less.) Hook. & Arn., Comp. Bot. Mag. 1: 110. 1835. h Dasyphyllum diacanthoides
(Less.) Cabrera, Revista Mus. La Plata, Secc. Bot., 9(38): 44. 1959. - Type: Chile, Antuco,
E.F. Poeppig [Coll. pl. Chil. III, Syn. pl. Amer. austr. msc., Diar. 793], XII.1828 (Lectotypus
hic designatus: P! [P00703408]; Isolectotypi: B † [photo F! [F0BN015834]], BM!
[BM001010220], BR! [BR541864], M! [M-0030607], NY! [00169364, 00169365]).
Distribution and Habitat—Archidasyphyllum diacanthoides is distributed in southern
Chile and adjacent areas of Argentina between 38� and 43�S. This species is found in
forested areas ranging from 400 to 1,200 m in elevation.
Phenology—Flowering from November to April.
Note—Flotovia diacanthoides was described by Lessing (1832) based on the material
“Chuquiraga leucoxilon Pöpp. mss. n. 793” (nomen nudum) collected by Poeppig.
According to Stafleu (1969), the plants collected by Poeppig in Chile were distributed by
Kunze under the designation “Coll. pl. Chi.”. Although all the type materials assigned to
Flotovia diacanthoides are indicated with the phrase “Coll. pl. Chl.”, we designated the
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sheet deposited at P herbarium as the lectotype because it is the only material which also
bears a handwritten label “N. 793 Chuquiraga leucoxilon”.

Archidasyphyllum excelsum (D. Don) P.L.Ferreira, Saavedra & Groppo comb. nov. h
Chuquiraga excelsa D. Don, Phil. Mag. 11: 392. 1832. h Piptocarpha excelsa (D. Don)
Hook. & Arn., Comp. Bot. Mag. 1:110. 1835. h Dasyphyllum excelsum (D. Don)
Cabrera, Revista Mus. La Plata, Secc. Bot., 9(38): 46. 1959. Typus: Chile, Valparaiso,
H. Cuming 328, 1832 (Lectotypus hic designatus: K! [K000527920]; Isolectotypi:
BM! [000522369], FI [107436 [image!]], GH [00006351 [image!]], P! [P00703407]).
Distribution and Habitat—Archidasyphyllum excelsum is endemic to central Chile between
32� and 34�S. This species is found in forested areas ranging from 350 to 900 m in elevation.
Phenology—Flowering from November to April.
Note—According to Stafleu & Cowan (1976–1998), the herbarium of David Don was
donated to the Linnean Society of London and should be conserved at the LINN
herbarium. However, we have been unable to trace this material and we designated the
lectotype in the K herbarium due to the specimen being well-represented in its
reproductive and vegetative forms, besides the high preservation of the material.

CONCLUSIONS
This study comprises the most extensive molecular sampling for Dasyphyllum to date
and provides a sound foundation for the re-circumscription of the genus. In so
doing, it also sheds new light on the evolution of morphological features. Our phylogenetic
analysis demonstrated that as currently circumscribed, Dasyphyllum is not
monophyletic, because of D. diacanthoides and D. excelsum (Dasyphyllum subgenus
Archidasyphyllum) being placed outside the genus, as sister to a clade comprising
Arnaldoa and Fulcaldea. A well-supported phylogeny coupled with morphological and
biogeographical data corroborate our taxonomic decision to elevate Dasyphyllum
subgenus Archidasyphyllum to generic status as Archidasyphyllum. In addition,
both sections of D. sensu stricto were also rejected. However, we prefer not to propose a
new infrageneric classification until new data with unequivocal synapomorphies for the
internal clades are available. Moreover, phylogenetic relationships between Dasyphyllum
and other genera of Barnadesioideae remain to some extent unresolved. We suggest
that future studies including additional characters from phylogenomics might better clarify
the relationships of the internal clades in Dasyphyllum, as well as the relationships within
the whole subfamily Barnadesioideae.

ACKNOWLEDGEMENTS
The authors gratefully acknowledge all herbarium curators for their assistance during visits
and for the loan of materials. Our gratitude to André Simões and Benoit Loeuille for
suggestions on earlier versions of the manuscript. Special thanks to Cíntia Silva-Luz and
Marcelo Monge Egea for the collecting work in the Andean region, Carla Poleselli
Bruniera and Fernando Farache for their support with phylogenetic analyses, Jefferson
Prado for his suggestions regarding botanical nomenclature.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 14/19

http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was funded by the Fundação de Amparo à Pesquisa no Estado de São Paulo
(FAPESP, grants 2011/10446-0, 2015/09458-6 and 2016/06260-2). Paola Ferreira
was funded by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES, Finance Code 001). Milton Groppo was funded by the Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq, grants 309994/2012-8 and
309088/2016-0). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Fundação de Amparo à Pesquisa no Estado de São Paulo: 2011/10446-0, 2015/09458-6 and
2016/06260-2.
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Capes, Finance Code 001).
Conselho Nacional de Desenvolvimento Científico e Tecnológico: 309994/2012-8 and
309088/2016-0.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Paola de Lima Ferreira conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

� Mariana Machado Saavedra conceived and designed the experiments, analyzed the
data, contributed reagents/materials/analysis tools, authored or reviewed drafts of the
paper, approved the final draft.

� Milton Groppo conceived and designed the experiments, analyzed the data, contributed
reagents/materials/analysis tools, authored or reviewed drafts of the paper, approved
the final draft.

Data Availability
The following information was supplied regarding data availability:

The GenBank accession numbers are provided in Table S1 and Table S2. Molecular
matrices are provided in the Supplemental Data S1.

New Species Registration
The following information was supplied regarding the registration of a newly
described species:
Archidasyphyllum (Cabrera) P.L. Ferreira, Saavedra & Groppo LSID: 77194153-1.
Archidasyphyllum diacanthoides (Less.) P.L. Ferreira, Saavedra & Groppo LSID: 77194155-1.
Archidasyphyllum excelsum (D. Don) P.L. Ferreira, Saavedra & Groppo LSID: 77194156-1.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 15/19

http://dx.doi.org/10.7717/peerj.6475/supp-5
http://dx.doi.org/10.7717/peerj.6475/supp-6
http://dx.doi.org/10.7717/peerj.6475/supp-7
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.6475#supplemental-information.

REFERENCES
Akaike H. 1973. Information theory and an extension of the maximum likelihood principle.

In: Petrov PN, Csaki F, eds. Second International Symposium on Information Theory.
Budapest: Academiai Kiado, 267–281.

Barfuss MHJ, Samuel R, Till W, Stuessy TF. 2005. Phylogenetic relationship in subfamily
tillandsioideae (Bromeliaceae) based on DNA sequence data from seven plastid regions.
American Journal of Botany 92(2):337–351 DOI 10.3732/ajb.92.2.337.

Barker MS, Li Z, Kidder TI, Reardon CR, Lai Z, Oliveira LO, Scascitelli M, Rieseberg LH. 2016.
Most compositae (Asteraceae) are descendants of a paleohexaploid and all share a
paleotetraploid ancestor with the Calyceraceae. American Journal of Botany 103(7):1203–1211
DOI 10.3732/ajb.1600113.

Bollback JP. 2006. SIMMAP: stochastic character mapping of discrete traits on phylogenies.
BMC Bioinformatics 7(1):88 DOI 10.1186/1471-2105-7-88.

Bremer K. 1987. Tribal interrelationships of the asteraceae. Cladistics 3(3):210–253
DOI 10.1111/j.1096-0031.1987.tb00509.x.

Bremer K. 1994. Asteraceae: Cladistics and classification. Portland: Timber Press.

Bremer K, Jansen RK. 1992. A new subfamily of the Asteraceae. Annals of the Missouri
Botanical Garden 79(2):414–415 DOI 10.2307/2399777.

Bruniera CP, Kallunki JA, Groppo M. 2015. Almeidea A. St.-Hil. Belongs to Conchocarpus J.C.
Mikan (Galipeinae, Rutaceae): evidence from morphological and molecular data, with a
first analysis of subtribe galipeinae. PLOS ONE 10:e0125650 DOI 10.1371/journal.pone.0125650.

Cabrera AL. 1959. Revisión del género Dasyphyllum (Compositae). Revista Museo de La Plata
38:21–108.

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more models, new
heuristics and parallel computing. Nature Methods 9(8):772 DOI 10.1038/nmeth.2109.

Erbar C, Leins P. 2000. Some interesting features in the capitulum and flower of Arnaldoa
macbrideana Ferreyra (Asteraceae, Barnadesioideae). Botanische Jahrbücher für Systematik,
Pflanzengeschichte und Pflanzengeographie 122:517–537.

Ezcurra C. 1985. Revisión del género Chuquiraga (Compositae—Mutisieae). Darwiniana
26:219–284.

Farris JS, Kallersjö M, Kluge AG, Bult C. 1995. Testing significance of incongruence. Cladistics
10(3):315–319 DOI 10.1006/clad.1994.1021.

Funk VA, Bayer RJ, Keeley S, Chan R, Watson L, Gemeinholzer B, Schilling EE, Panero JL,
Baldwin BG, Garcia-Jacas N, Susanna A, Jansen RK. 2005. Everywhere but Antarctica:
using a supertree to understand the diversity and distribution of the Compositae.
Biologiske Skrifter 55:343–374.

Funk VA, Roque N. 2011. The monotypic andean genus Fulcaldea (Compositae, Barnadesioideae)
gains a new species from Northeastern Brazil. Taxon 60(4):1095–1103.

Funk VA, Sancho G, Roque N, Kelloff CL, Ventosa-Rodríguez I, Diazgranados M,
Bonifacino JM, Chan R. 2014. A phylogeny of the Gochnatieae: understanding a critically
placed tribe in the compositae. Taxon 63(4):859–882 DOI 10.12705/634.27.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 16/19

http://dx.doi.org/10.7717/peerj.6475#supplemental-information
http://dx.doi.org/10.7717/peerj.6475#supplemental-information
http://dx.doi.org/10.3732/ajb.92.2.337
http://dx.doi.org/10.3732/ajb.1600113
http://dx.doi.org/10.1186/1471-2105-7-88
http://dx.doi.org/10.1111/j.1096-0031.1987.tb00509.x
http://dx.doi.org/10.2307/2399777
http://dx.doi.org/10.1371/journal.pone.0125650
http://dx.doi.org/10.1038/nmeth.2109
http://dx.doi.org/10.1006/clad.1994.1021
http://dx.doi.org/10.12705/634.27
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


Funk VA, Sussana A, Stuessy TF, Robinson H. 2009. Classification of compositae. In: Funk VA,
Susanna A, Stuessy TF, Bayer RJ, eds. Systematics, Evolution and Biogeography of Compositae.
Washington: IAPT, 171–189.

Gruenstaeudl M, Urtubey E, Jansen RK, Samuel R, Barfuss MHJ, Stuessy TF. 2009.
Phylogeny of Barnadesioideae (Asteraceae) inferred from DNA sequence data and
morphology. Molecular Phylogenetics and Evolution 51(3):572–587
DOI 10.1016/j.ympev.2009.01.023.

Gustafsson MHG, Pepper ASR, Albert VA, Källersjö M. 2001. Molecular phylogeny of the
Barnadesioideae (Asteraceae). Nordic Journal of Botany 21(2):149–160
DOI 10.1111/j.1756-1051.2001.tb01352.x.

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic Acids Symposium Series 41:95–98.

Jansen RK, Michaels HJ, Wallace RS, Kim KJ, Keeley SC, Watson LE, Palmer JD. 1992.
Chloroplast DNA variation in the asteraceae: phylogenetic and evolutionary implications.
In: Soltis PS, Soltis DE, Doyle JJ, eds. Molecular Systematics of Plants. Boston: Springer US,
252–279.

Jansen RK, Palmer JD. 1987. A chloroplast DNA inversion marks an ancient evolutionary split
in the sunflower family (Asteraceae). Proceedings of the National Academy of Sciences of the
United States of America 84(16):5818–5822 DOI 10.1073/pnas.84.16.5818.

Katinas L, Crisci JV, Jabaily RS, Williams C, Walker J, Drew B, Bonifacino JM, Sytsma KJ.
2008. Evolution of secondary heads in Nassauviinae (Asteraceae, Mutisieae). American Journal
of Botany 95(2):229–240 DOI 10.3732/ajb.95.2.229.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment software version 7:
improvements in performance and usability. Molecular Biology and Evolution 30(4):772–780
DOI 10.1093/molbev/mst010.

Lessing CF. 1832. Synopsis generum compositarum earumque dispositionis novae tentamen,
monographis multarum Capensium interjectis. Berolini: sumtibus Dunckeri et Humblotii.

Maddison WP, Maddison DR. 2018. Mesquite: a modular system for evolutionary analysis.
Version 3.51. Available at http://www.mesquiteproject.org/.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES science gateway for inference of large
phylogenetic trees. In: Proceedings of the Gateway Computing Environments Workshop (GCE),
New Orleans, LA, 1–8 DOI 10.1109/GCE.2010.5676129.

Padin AL, Calviño CI, Ezcurra C. 2015. Molecular phylogeny of Chuquiraga
(Asteraceae-Barnadesioideae): infrageneric classification and generic affinities. Systematic
Botany 40(1):316–326 DOI 10.1600/036364415X686602.

Panero JL, Crozier BS. 2016. Macroevolutionary dynamics in the early diversification of
Asteraceae. Molecular Phylogenetics and Evolution 99:116–132
DOI 10.1016/j.ympev.2016.03.007.

Panero JL, Freire SE, Ariza Espinar L, Crozier BS, Barboza GE, Cantero JJ. 2014. Resolution of
deep nodes yields an improved backbone phylogeny and a new basal lineage to study early
evolution of Asteraceae. Molecular Phylogenetics and Evolution 80:43–53
DOI 10.1016/j.ympev.2014.07.012.

Panero J, Funk VA. 2002. Toward a Phylogenetic subfamilial classification for the compositae
(Asteraceae). Proceedings of the Biological Society of Washington 115:760–773.

Paradis E, Claude J, Strimmer K. 2004. APE: analyses of phylogenetics and evolution in
R language. Bioinformatics 20(2):289–290 DOI 10.1093/bioinformatics/btg412.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 17/19

http://dx.doi.org/10.1016/j.ympev.2009.01.023
http://dx.doi.org/10.1111/j.1756-1051.2001.tb01352.x
http://dx.doi.org/10.1073/pnas.84.16.5818
http://dx.doi.org/10.3732/ajb.95.2.229
http://dx.doi.org/10.1093/molbev/mst010
http://www.mesquiteproject.org/
http://dx.doi.org/10.1109/GCE.2010.5676129
http://dx.doi.org/10.1600/036364415X686602
http://dx.doi.org/10.1016/j.ympev.2016.03.007
http://dx.doi.org/10.1016/j.ympev.2014.07.012
http://dx.doi.org/10.1093/bioinformatics/btg412
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


Posada D. 2008. jModelTest: phylogenetic model averaging. Molecular Biology and Evolution
25(7):1253–1256 DOI 10.1093/molbev/msn083.

Rambaut A, Suchard MA, Xie D, Drummond AJ. 2013. Tracer. v. 1.6. Available at
http://beast.bio.ed.ac.uk/.

Revell LJ. 2012. Phytools: an R package for phylogenetic comparative biology (and
other things). Methods in Ecology and Evolution 3(2):217–223
DOI 10.1111/j.2041-210X.2011.00169.x.

Ronquist F, Teslenko M, Van deMark P, Ayres DL, Darling A, Höhna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP. 2012. MrBayes 3.2: efficient Bayesian phylogenetic inference
and model choice across a large model space. Systematic Biology 61(3):539–542
DOI 10.1093/sysbio/sys029.

Roque N, Pirani JR. 1997. Flora da Serra do Cipó, Minas Gerais: Compositae—Barnadesieae
e Mutiseae. Boletim de Botânica 16:151–185 DOI 10.11606/issn.2316-9052.v16i0p151-185.

Saavedra MM. 2011. Sistemática de Dasyphyllum (Asteraceae). D. Phil. thesis. Instituto de
Pesquisas Jardim Botânico do Rio de Janeiro.

Saavedra MM, Guimarães EF, Loeuille B, Forzza RC. 2018. Taxonomic Revision of Dasyphyllum
sect. Macrocephala (Asteraceae: Barnadesioideae). Systematic Botany 43(1):297–315
DOI 10.1600/036364418X696888.

Saavedra MM, Monge M, Guimarães EF. 2014. Dasyphyllum diamantinense (Asteraceae,
Barnadesioideae): a new species from the Chapada Diamantina, Bahia State, Brazil. Phytotaxa
174(4):231–236 DOI 10.11646/phytotaxa.174.4.4.

Sang T, Crawford DJ, Stuessy TF. 1997. Chloroplast DNA phylogeny, reticulate evolution, and
biogeography of Paeonia (Paeoniaceae). American Journal of Botany 84(8):1120–1136
DOI 10.2307/2446155.

Stafleu FA. 1969. Poeppig and Endlicher’s Nova Genera. Taxon 18:321–323.

Stafleu FA, Cowan RS. 1976–1998. Taxonomic literature—a selective guide to botanical
publications and collections with dates, commentaries and types. Vol. 2. Utrecht:
Bohn, Scheltema, and Holkema.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis and post-analysis of
large phylogenies. Bioinformatics 30(9):1312–1313 DOI 10.1093/bioinformatics/btu033.

Stuessy TF, Sagástegui AA. 1993. Revisión de Arnaldoa (Compositae, Barnadesioideae) género
endémico del norte del Peru. Arnaldoa 1:9–21.

Stuessy TF, Sang T, DeVore ML. 1996. Phylogeny and biogeography of the subfamily
Barnadesioideae with implications for early evolution of the Compositae. In: Hind DJH,
Beentje HJ, eds. Compositae: Systematics. Proceedings of the International Compositae
Conference. Kew: Royal Botanical Garden, 463–490.

Stuessy TF, Urtubey E. 2006. Phylogenetic implications of corolla morphology in subfamily
Barnadesioideae (Asteraceae). Flora: Morphology, Distribution, Functional Ecology of Plants
201(5):340–352 DOI 10.1016/j.flora.2005.07.009.

Stuessy TF, Urtubey E, Gruenstaeudl M. 2009. Barnadesieae (Barnadesioideae). In: Funk VA,
Susanna A, Stuessy TF, Bayer RJ, eds. Systematics, Evolution and Biogeography of Compositae.
Washington: IAPT, 215–228.

Swofford DL. 2002. PAUP�. Phylogenetic analysis using parsimony (�and other methods).
Version 4.0b10. Sunderland: Sinauer Associates.

Taberlet P, Gielly L, PautouG, Bouvet J. 1991.Universal primer for amplification of three non-coding
regions of chloroplast DNA. Plant Molecular Biology 17(5):1105–1109 DOI 10.1007/BF00037152.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 18/19

http://dx.doi.org/10.1093/molbev/msn083
http://beast.bio.ed.ac.uk/
http://dx.doi.org/10.1111/j.2041-210X.2011.00169.x
http://dx.doi.org/10.1093/sysbio/sys029
http://dx.doi.org/10.11606/issn.2316-9052.v16i0p151-185
http://dx.doi.org/10.1600/036364418X696888
http://dx.doi.org/10.11646/phytotaxa.174.4.4
http://dx.doi.org/10.2307/2446155
http://dx.doi.org/10.1093/bioinformatics/btu033
http://dx.doi.org/10.1016/j.flora.2005.07.009
http://dx.doi.org/10.1007/BF00037152
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/


Thiers B. 2018. Index herbariorum: a global directory of public herbaria and associated
staff. New York Botanical Garden’s Virtual Herbarium. Available at
http://sweetgum.nybg.org/science/ih/.

Ulloa CU, Jørgensen PM, Dillon MO. 2002. Arnaldoa argentea (Barnadesioideae: Asteraceae),
a new species and a new generic record for ecuador. Novon 12(3):415–419
DOI 10.2307/3393091.

Urtubey E. 1999. Revisión del género Barnadesia (Asteraceae: Barnadesioideae, Barnadesieae).
Annals of the Missouri Botanical Garden 86(1):57–117 DOI 10.2307/2666218.

Urtubey E, Stuessy TF. 2001. New hypotheses of phylogenetic relationships in Barnadesioideae
(Asteraceae) based on morphology. Taxon 50(4):1043–1066 DOI 10.2307/1224720.

Ferreira et al. (2019), PeerJ, DOI 10.7717/peerj.6475 19/19

http://sweetgum.nybg.org/science/ih/
http://dx.doi.org/10.2307/3393091
http://dx.doi.org/10.2307/2666218
http://dx.doi.org/10.2307/1224720
http://dx.doi.org/10.7717/peerj.6475
https://peerj.com/

	Phylogeny and circumscription of Dasyphyllum (Asteraceae: Barnadesioideae) based on molecular data with the recognition of a new genus, Archidasyphyllum ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


