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Summary

Summary

Of the 9 tribes in Apocynaceae-Apocynoideae, the Echiteae is a group of lianas (rarely
erect herbs) and comprises 19 genera and about 200 species, of which 16 genera are
restricted to the Neotropics. The tribe Echiteae was proposed more than 120 years ago, but
its composition has varied through time. The results of some phylogenetic studies have
suggested that the tribe is non-monophyletic, a condition also applying to of its genera in
the present circumscription. In this work, we provide the first phylogenetic study of the
Echiteae, using nuclear (ITS) and chloroplast markers, in order to test the monophyly of the

tribe and its subtribes, analyzing the largest dataset ever compiled.

The results show that Echiteae and four of its subtribes (Echitinae, Parsonsiinae,
Peltastinae and Prestoniinae) as previously circumscribed are non-monophyletic. The fifth
subtribe, Pentalinoninae, though monophyletic, does not belong to Echiteae; Prestonia and
Temnadenia are resolved as polyphyletic, whereas Fernaldia is nested within Echites and
Peltastes is nested in Macropharynx, and therefore, these two genera are reduced to
synonymy. Fourteen genera are maintained and a new subtribe Laubertinae is proposed. In
the ancestors of Echiteae, we hypothesize that an evolutionary shift took place in which
steroidal alkaloids and/or cardenolides, characteristic for apocynoids, were replaced by
parsonsine type pyrrolizidine alkaloids as the henceforth predominant chemical defense

compounds.

Prestonia is the second largest genus of Echiteae, with ca. 56 species distributed in
Tropical America and the West Indies. The last monograph was published in 1936, but it is
out of date due the number of species described since then. Only synopsis for some areas
and flora treatments are available. Preliminary phylogenetic studies have suggested that the
genus is not monophyletic. At the same time, four infrageneric classifications proposals have
been published, but never have been tested with molecular data. Therefore, the circumscription

of Prestonia and the relationships between the species remained unresolved.

Two phylogenetic analyses using chloroplast (trnL intron and trnL-trnF intergenic

spacer, rpl16 intron, rps16 intron, matK and 3’/ 5’ trnK intron) and nuclear data (ITS) were
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Summary

conducted for Prestonia with three aims: 1) to determine if the genus is monophyletic and
to establish its relationships with the others genera in the tribe Echiteae, 2) to evaluate the
current infrageneric classification proposals, as well as to determine the interspecific
relationship in Prestonia, 3) to provide the necessary nomenclatural and / or taxonomic
changes. The results of the present thesis show that Prestonia in the previous
circumscription was polyphyletic, because P. riedelii is sister to Rhodocalyx and
Temnadenia ornata is nested inside Prestonia. In consequence, the first species was
transferred to Rhodocalyx and the second species to Prestonia. In the second part of the
study and with a larger sampling, Prestonia could be shown to be monophyletic, but the
sections proposed by Schumann, Woodson or Pichon are non-monophyletic. A new
infrageneric classification is proposed, recognizing six sections: Coalitae, Denticulata,

Exsertae, Haemadictyon, Mollis, and Prestonia.

As result of this study, the first synopsis of Prestonia for Colombia (the second most
diverse country in South America) recognizing 25 species was published. And finally, this
thesis is proposing a new monograph for Prestonia, with 56 species currently accepted.
Descriptions, illustrations, distribution maps and IUCN conservation criteria are provided
for every species. A key to the species is presented and the 6500 herbarium specimens

examined were assigned to species and annotated.
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Zusammenfassung

Unter den 9 Triben in den Apocynaceae-Apocynoideae repréasentieren die Echiteae eine
Gruppe von ca. 19 Gattungen und 200 Arten. Es sind Lianen, selten aufrechte Kréuter, die
mit allein 16 Gattungen auf die Neotropis beschrénkt sind. Die Tribus Echiteae wurde vor
120 Jahren eingerichtet, aber ihre Zusammensetzung variierte immer wieder. Die Resultate
einiger Untersuchungen legten aber nahe, dass die Tribus nicht monophyletisch sei, ebenso
wie einige ihrer Gattungen in der gegenwartigen Umschreibung. In dieser Arbeit wird nun
die erste phylogenetische Analyse der Echiteae vorgelegt. Es wurden Kern- (ITS) und
Chloroplasten-Marker verwendet, um die Monophylie der Echiteae und ihrer Subtriben zu
testen. Insgesamt ist dies umfassendste Bearbeitung dieser Taxa die jemals vorgelegt

wurde.

Echiteae mit ihren vier Subtriben (Echitinae, Parsonsiinae, Peltastinae and Prestoniinae), so
konnte hier gezeigt werden, sind in ihrer gegenwartigen Umschreibung nicht
monophyletisch. Die funfte Subtribus, Pentalinoninae, obwohl monophyletisch, gehort
dagegen nicht in die Tribus Echiteae. Prestonia und Temnadenia erwiesen sich als
polyphyletisch, wohingegen Fernaldia in Echites eingenistet ist und Peltastes in
Macropharynx, und somit in die Synonmie verschoben wurden. Vierzehn Gattungen
werden aufrechterhalten, und eine neue Subtribus, Laubertinae, wird vorgeschlagen. Unter
den Vorfahren der Echiteae gab es, so kann vermutet werden, einen evolutionaren Wechsel
von steroidalen Alkaloiden und/oder Cardenoliden — Substanzen die sehr charakteristisch
sind flr Apocynoideae — hin zu Pyrrolizidinalkaloiden vom Parsonsia-Typ, die nunmehr

vorherrschende Komponente der chemischen Verteidigung.

Prestonia ist mit ca. 56 Arten die zweitgrofite Gattung innerhalb der Echiteae, die im
tropischen America und auf den Westindischen Inseln verbreitet ist. Die letzte
Monographie, 1936 veroffentlicht, ist jedoch veraltet, da seitdem viele neue Arten
beschrieben wurden. Fir einige Gebiete sind aber Synopsen und Flora-Bearbeitungen
vorhanden. Einige Untersuchungen ergaben, dass die Gattung nicht monophyletisch sei.
Drei zeitgleich publizierten infragenerischen Klassifikationsvorschlage blieben aber ohne

molekular-phylogenetische Uberpriifung, so daB die Umschreibung der Gattung und ihre
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infragenerische Gliederung bislang unverstanden blieben. Die zwei nun durchgefiihrten
phylogenetischen Analysen, basierend auf insgesamt sieben verschiedenen molekularen
Markern, hatten vor allem drei Ziele: 1) Uberpriifung der Monophylie von Prestonia und
Aufklarung der Verwandtschaftverhéltnisse innerhalb der Echiteae, 2) Evaluation der
bestehenden infragenerischen Klassifikation von Prestonia sowie der interspezifischen
Verwandtschaftsbeziehungen, 3) Taxonomische und nomenklatorische Umsetzung der

Ergebnisse.

Es konnte gezeigt werden, dass Prestonia in ihrer bisherigen Umschreibung
polyphyletisch ist, da P. riedelii in Rhodocalyx gruppiert und Temnadenia ornata in
Prestonia eingenistet ist. Folglich wurde die erste Art zu Rhodocalyx und die zweite zu
Prestonia transferiert. In der zweiten Teiluntersuchung und auf Basis eines erweiterten
Probenumfangs ist Prestonia nunmehr monophyletisch, aber die Sektionen wie sie von
Schumann, Woodson oder Pichon vorgeschlagen wurden, sind nicht monophyletisch. Die
neue, hier vorgeschlagene infragenerische Klassifikation anerkennt nunmehr die sechs

Sektionen: Coalitae, Denticulata, Exsertae, Haemadictyon, Mollis und Prestonia.

Fur Kolombien, das Land mit der zweithgchsten Biodiversitat in Sud Amerika, wurde
als Ergebnis dieser Arbeit die erste Synopsis flr Prestonia publiziert. Es werden 25 Arten
anerkannt. Dariiber hinaus wird eine Monographie von Prestonia vorgelegt, in der aktuell
56 Arten akzeptiert werden. Beschreibungen, Abbildungen, Verbreitungskarten und die
IUCN-Schutzkriterien fur jede Art werden bereitgestellt. Ein Bestimmungschlissel wurde

erstellt und die 6500 untersuchten Herbarbelege wurden zugeordnet und annotiert..



General Introduction

1. General Introduction

Apocynaceae comprises about 366 genera and 3700 species distributed throughout the
tropics, subtropics, and temperate regions (Endress & al., 2014; Morales & Liede-
Schumann, 2016). Some are widespread ornamentals, especially in tropical regions, where
they have sometimes become naturalized (e.g., Allamanda cathartica L., Asclepias
curassavica L., Catharanthus roseus (L.) G. Don, Kopsia fruticosa (Roxb.) A. DC., Nerium
oleander L., Plumeria rubra L., Tabernaemontana divaricata R.Br. ex Roem. & Schult.,

Thevetia peruviana (Pers.) K. Schum.).

As many groups of plants, in Apocynaceae the classification of genera has been based
on morphological characters. Although sometimes the generic limits traditionally used in
some groups are more or less well defined and supported by synapomorphic characters, in
other groups the limits are confusing and the generic concepts have been in dispute for
several decades. Even more, the acceptance of some genera has been based more on the
tradition than upon strong evidence. The use of molecular data (huclear and chloroplast)
has provided a new tool and new evidence to understand and to study the relationships of

plants families and their members.

The family Apocynaceae was traditionally recognized as two separate families —
Apocynaceae s. str. and Asclepiadaceae — until Endress & Bruyns (2000) united the two
and proposed five subfamilies: Rauvolfioideae, Apocynoideae, Periplocoideae,
Secamonoideae, and Asclepiadaceae, which were further divided into several tribes. The
first two subfamilies included the genera traditionally treated as Apocynaceae s. str.,
whereas the last three included those usually treated in Asclepiadaceae. Since then,
numerous phylogenetic studies (e.g., Endress & al., 2007a, Livshultz & al., 2007, 2010,
Liede & al., 2002, Liede-Schumann & al., 2005, Meve & Liede 2004a, 2004b, Rapini & al.,
2004, 2006, Simbes & al., 2004, 2007, 2010, 2016) have proposed new realignments or
improvements to this classification. In addition, results based on non-molecular data have
added significantly towards improving relationships at higher taxonomic levels within the
family (e.g., Van der Weide & Van der Ham, 2012, Lens & al., 2008, 2009, Wanntorp &
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Kunze, 2009). Monographs and floristic treatments published over the past 20 years have
provided additional information contributing to a more accurate circumscription of genera
and a more realistic idea of the morphological variation present in some genera (e.g.,
Middleton, 2011, 2014; Morales, 1997 a, 1999a, 2003, 2005 a,b, 2006a, 2010, 2013).

Since the reamalgamation of Apocynaceae and Asclepiadaceae by Endress & Bruyns
(2000), two subsequent updates with several changes and improvements to the original
classification have been made (Endress & al., 2007b, 2014). Studies based on molecular
and morphological data in some tribes of Apocynaceae have led to clarification of groups
with a long history of taxonomic conflicts, such as Mandevilla Lindl. and
Tabernaemontana L. (e.g., Simdes & al., 2004, 2006, 2007). In several parts of the
classification, however, intertribal relationships and composition of tribes and subtribes are
still uncertain. This is because the molecular data available for some groups are scarce,
fragmented or absent. Thus, in various parts of the phylogeny resolution is still too low to
propose formal classification changes. In a number of tribes and subtribes, some genera are
recognized on weak morphological differences, and have been maintained based more on
tradition than anything else. As a consequence, delimitation of several taxa at the genus
level and above is still in dispute. (e.g., Simdes & al., 2007, Liede-Schumann & al., 2014,
Rapini, 2002, Silva & al., 2012).

1.1. The tribe Echiteae

The tribe Echiteae was proposed by Bentham (1876) (as “Echitideae”). Since then,
several classification proposals have been made (e.g., Schumann, 1895; Pichon, 1950;
Leeuwenberg, 1994; Endress et al. 2007b) and the number of genera included in the tribe
has varied. The first phylogenetic study to include a more extensive sampling of Echiteae,
was the molecular phylogenetic study of the apocynoids and the APSA clade (comprising
apocynoids, Periplocoideae, Secamonoideae and Asclepiadoideae) by Livshultz & al.
(2007), based only on plastid data. It showed that Echiteae is paraphyletic, with the
members distributed in several clades. However, it included only a partial sampling of the
species and genera of the tribe. Based on this study, Endress & al. (2007b) excluded five

genera from the Echiteae, reducing the number of genera to 20.
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The great majority of molecular studies in the subfamilies Apocynoideae and
Rauvolfioideae have been based on plastid sequences alone and only two analyses have
been conducted using nuclear data (phytochrome A): Livshultz & al. (2010) and Middleton
& Livshultz (2012). Endress & al. (2014) published the most recent classification proposal

for Apocynaceae, in which Echiteae was divided into five subtribes.

We present the first molecular phylogeny focusing on Echiteae based on sequence data
from the internal transcribed spacer (ITS) from the nuclear ribosomal DNA and three
plastid DNA regions (trnL intron and trnL-trnF intergenic spacer, rpl16 intron, matK and 3’

/ 5"trnK intron), including almost all genera currently accepted in the tribe.

1.2. The genus Prestonia

Prestonia is distributed from Mexico and the West Indies to northern Argentina, from
sea level up to 2800 m. It is characterized by a scandent habit, opposite leaves, dichasial or
monochasial cymose inflorescences, an annular corona around the corolla mouth, free
corona lobes within the corolla tube, and truncate seeds (Morales, 1997). The genus has
been involved in disputes regarding its generic circumscription for many decades. Woodson
(1931, 1936, 1960) included two species in Prestonia (Echites agglutinatus and P. caudata
Woodson), despite their lack of the annular corona around the mouth or the free coronal
lobes within the tube. Echites woodsonianus Monac., a species similar to the precedent was
transferred by Gentry (1983) to Prestonia. Morales (1997b) transferred these species back
to Echites. Morales & Williams (2004) proposed Allotoonia J.F. Morales & J.K. Williams
based on the results of a cladistic analysis based on morphology (Williams, 2004). The
results of Livshultz et al., 2007, showed that at least two species of Allotoonia were nested
in a clade with the included species of Echites and Fernaldia, which was corroborated by
Morales et al.(2017, submitted). Rhodocalyx Mill. Arg., which also has an annular corona
around the mouth, was reduced to the synonymy of Prestonia by Morales (1999b), but it
was retrieved together with Prestonia riedelii (Mull. Arg.) Markgr. in Livshultz et al.
(2007), suggesting the paraphyly of Prestonia. Morales et al. (2017) obtained the same

relationship and transferred P. riedelii to Rhodocalyx.
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Four infrageneric classifications have been proposed for Prestonia. The first was that
of Baillon (1891), who recognized three sections (Euprestonia, Prestonianthe, and
Haemadictyon), but he did not cite the species included in each section. Schumann (1895),
recognized two sections: Euprestonia (seven species) and Haemadictyon (three species),
based on pubescence of stems, inflorescence type, and sepal shape. Woodson (1936),
recognized four sections: Acutifoliae, Annulares, Coalitae, and Tomentosae, which were
differentiated based on degree of corolla tube pubescence, shape and texture of the sepals,
and characteristics of the annular corona, free corona lobes, and anthers. Annulares,
included 33 species, Tomentosae 14, Acutifoliae nine, and Coalitae only four species.
Pichon (1950) recognized five sections based on length of the corolla lobes, type of
suprastaminal indumentum within the corolla tube, and features of the gynoecium and

androecium.

He recognized Haemadictyon (50 species), Euprestonia (11 species), Rhaptocarpus
(three species) and Trichopharynx (one species), whereas the type of Pichon's fifth section,
Trichopharynx, was transferred to Echites by Morales (1997b). These classifications have
never been tested using molecular data. Few species of Prestonia have been included in
molecular-based studies. Livshultz et al. (2007) included only eight species, whereas
Morales et al. (2017), included 16 taxa. However, a larger sample is needed to test the
monophyly of the genus and to evaluate the infrageneric classification proposals
(Schumann, 1895; Woodson, 1936; Pichon, 1950).

We present the first molecular phylogeny of Prestonia, comprising ca. 86% of the total
of currently accepted species, based on nuclear (ITS) and plastid data (matK and 3’/ 5" trnK
intron, rpl16 intron, rpsl6 intron, trnL intron and trnL-trnF intergenic spacer). The last
monograph of Prestonia was published more than 80 years ago (Woodson, 1936) and
considering the new circumscription of the genus, novelties and synonyms published since
then, the necessity of a new monograph is evident. A synopsis of the genus in Colombia
was published recently (Morales & Liede-Schumann, 2016), as a precursor study of the

new monograph provided here.



Aims of Research

2. Aims of Research

This study is the first to investigate in detail the molecular phylogeny and relationships

of the tribe Echiteae and the genus Prestonia, based on sequence data from the internal

transcribed spacer (ITS) from the nuclear ribosomal DNA and three/four plastid DNA

regions (trnL intron and trnL-trnF intergenic spacer, rpl16 intron, matK and 3’/ 5’ trnK

intron for Echiteae and the precedent three plus rps16 intron for Prestonia). The three

available, different intrageneric classifications proposals of Prestonia (Apocynaceae,

Echiteae) needs to be tested for monophyly with molecular methods. A treatment of the

Colombian species of Prestonia has never been done and the last monograph of the genus

was published more than 70 years ago, suggesting the necessity of a new monograph.

The aims of the study are:

1.

10.

To test the monophyly of the tribe Echiteae and its subtribes sensu Endress & al.
(2014)

To assess the monophyly of the Echiteae genera as currently delimited

To provide a more accurate hypothesis of the relationships among the Echiteae
genera

To compare reports of pyrrholizinid alkaloids (PAs) to our phylogeny to determine
if there is a meaningful pattern in their distribution.

To test the monophyly of Prestonia with a larger sample than in previous studies
To determine the relationship between the different species of Prestonia

To evaluate the infrageneric classifications of Schumann (1895), Woodson (1936)
and Pichon (1950)

To provide a new infrageneric classification

To provide a treatment of the Colombian species of Prestonia.

To provide taxonomic and nomenclatural changes as needed derived from the three

studies.
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3. Synopsis
3.1 Materials and Methods

3.1.1. Taxon sampling (publication 2 and 3)

A total of 70 species, including representatives of 17 of the 19 genera (except Ecua and
Bahiella) and from the five subtribes currently recognized in Echiteae by Endress & al.
(2014) were defined as the ingroup. Ten species of seven genera from two different tribes
were selected as the outgroup, based on the results of previous analyses (Livshultz & al.,
2007, 2010) and two species of Rhabdadenia (Rhabdadenieae) were used to root the tree.
For the third paper, 50 species of Prestonia were sampled, including at least two members
each from the all the sections of Schumann (1895), Woodson (1936) and Pichon (1950).
The outgroup taxa included thirteen species from six genera of Echiteae and two species of
Odontadenia (Odontadeniae) were used as rooting taxa.

3.1.2. DNA extraction, amplification and sequencing (publication 2 and 3)

Total genomic DNA was extracted from silica gel-dried leaf material using the DNeasy
Plant Mini Kit (Qiagen, Hilden, Germany). The three cpDNA regions were sequenced
using published primers: trnL intron and trnL-trnF intergenic spacer (Taberlet & al., 1991),
rpl16 intron (Baum & al., 1998) and matK and 57/ 3’ trnK intron (Endress & al., 1996);
Bafeel & al., 2011). The primers 1TS4 (White & al., 1990) and ITS5m (Sang & al., 1995)
were used to amplify ITS. For rpsl6 intron (used in Prestonia) the protocol given in
Simdes et al. (2004) was used. The PCR amplifications were performed in a Biometra T-
Personal Thermocycler and PCR products were visualized with electrophoresis on 2%

agarose gels.

3.1.3. Phylogenetic analysis (publication 2 and 3)

Sequence contigs were built with Codon Aligner v. 3.7.1 and v. 6.0.2 (CodonCode
Corp., Centerville, Massachusetts, U.S.A.). Sequences were prealigned in MAFFT v.7
(Katoh, 2013), followed by manual adjustments in Mesquite v. 2.71 (Maddison &
Maddison, 2011).
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Several data matrices were analyzed: the individual chloroplast data sets, combined
plastid data set, nuclear data set and combined molecular data set (plastid + nuclear). No
strongly supported incongruent clades were found between three individual partitions of the
plastid data, and thus they were combined (combined plastid matrix), nor between
combined plastid matrix and ITS matrix, and therefore they were combined in a single
matrix (combined molecular matrix). In all analyses, ITS was divided in 5 partitions.
Matrices were analyzed using maximum likelihood (ML); for the combined plastid, ITS

and combined molecular matrices Bayesian inference (BI) was also analyzed.

Maximum-likelihood (ML) analyses were calculated using RAXML version 8.2.8
(Stamatakis, 2006, Stamatakis et al., 2008), as implemented in CIPRES version 3.3 (Miller
et al., 2010), setting the non-bootstrap values and tree search to 1000 replicates. The output
tree files were generated with Figtree (Rambaut, 2014). Bootstrap support value was
interpreted as follows: 50%—74% as weak, 76%—89% as moderate, and > 90% as strongly
supported. Bayesian inference was calculated using MrBayes version 3.1.2 (Huelsenbeck
& Ronquist, 2001; Ronquist & Huelsenbeck, 2003), applying separate models to each data
partition, with unlinked partitions, and parameters estimated independently. Models of
sequence evolution were selected using the Bayesian information criterion (BIC) in
JModelTest v.2.1.1 (Darriba et al., 2012). MrBayes was run using two parallel runs for 10
million generations, each using one cold and three heated MCMC chains, sampling every
10,000 generations, until an average standard deviation of split frequencies < 0.01 was
reached. The first 25% of the trees was discarded (sump function) and the remaining 75%
used to calculate a majority-rule consensus and posterior probabilities (PP, sumt function).
Burn-in values, mixing of the MCMC chains, and independent tree sampling were
determined through inspection of the MCMC samples employing Tracer v.1.5 (Rambaut &
Drummond, 2007). The 50% majority-rule consensus tree was edited in Figtree v.1.4.2.
(Rambaut, 2014). Posterior probability values > 0.95 were considered as strongly

supported.
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3.1.2. Taxonomic treatment (publication 1, 4)

The taxonomic descriptions were based in more than 6500 specimens from the
following 158 herbaria: A, AAU, ALCB, AS, ASE, ASU, B, BAB, BEREA, BHCB,
BIGU, BM, BOLV, BR, C, CAS, CAUP, CAY, CEN, CEPEC, CGE, CH, CHAPA, CICY,
CIIDIR, CIMI, CM, COAH, COL, CR, CVRD, CUVC, CUZ, DPU, DS, DUKE, E, EAP,
ECON, ENCB, ESA, ESAL, F, FCME, FCQ, FDG, FI (including FI-W), FUEL, G
(including G-BOIS, G-DC), GB, GFJP, GH, HAL, HB, HBG, HERZU, HOXA, HRB,
HRCB, HSB, HST, HUA, HUEFS, HUFU, HUQ, IAN, IBGE, INB (**), INPA, IPA,
JAUM, JE, JEPS, JPB, K, L, LAGU, LD, LE, LIL, LP, LPB, LZ, M, MA, MBM, MBML,
MEDEL, MEXU, MHES, MICH, MIRR, MG, MO, MOL, MVFA, MVJB, NA, NY, O,
OXEF, P (including P-BA, P-HB, P-JU, P-L), PEL, PH, PMA, PORT, PR, PSO, Q, QAME,
QAP, QCA, QCNE, QPLS, R, RB, S, SCZ SI, SP, SPF, SPFR,TEFH, TEX, TRIN, TULV,
U, UB, UBT, UC, UCAM, UCOB, UDCB, UEC, UFMT, UFP, UPS, US, USF, USJ, USM,
USZ, UVAL, VALLE,VEN, VIC, W, WU, WAG, WIS, XAL,Z, and ZT (herbarium
acronyms according to Thiers (2012)). The herbarium INB (**) was incorporated in CR.
All type collections available were examined. Field work was carried out in El Salvador,
Nicaragua, Costa Rica, Panama, Colombia, Venezuela, Peru, Bolivia, and Brazil. Common
names and uses cited for some species, as well as phenology, and habitat data, were taken
from labels from herbarium specimens. The descriptions of the morphological structures
follow Font Quer (1953), Radford et al. (1974), and Harris & Harris (1994). In species with
infundibuliform corollas, the terminology for regions of the tube follows Morales &
Fuentes (2004b). Distribution maps were generated with ArcGIS 10.3 (ESRI, Redlands,

California), using geographical coordinated from the specimens database.
3.1.3. Conservation assessment (publication 4)

The conservation status of the species of Prestonia was assessed by calculating the
extent of occurrence (EOO) and the area of occupancy (AOO) using GeoCAT (Geospatial
Conservation Assessment tool; Bachman et al. 2011) and applying the IJUCN Red List
Categories and Criteria, version 3.1 (IUCN 2012; IUCN 2013). The AOO was calculated

based on a user defined grid cell of 2 km.

12



Synopsis — Results and Discussion

3.2 Results and Discussion

3.2.1. The genus Prestonia (Apocynaceae) in Colombia. Phytotaxa 265: 204-224
(Publication 1)

A synopsis of the species of Prestonia in Colombia was performed, recognizing 25
species. This is the first treatment of that genus ever compiled for the country, with an
estimated diversity of ca. 24,500 species of vascular plants (Bernal et al. 2015). Previous
studies (Morales et al. 2010, Bernal et al. 2015) are just annotated checklists, which don’t
include keys, maps or comprehensive descriptions. Prestonia megagros (Vell.) Woodson, a
poorly collected Amazonian species, is reported for the first time based on a collection
from Leticia, Department of Amazonas. Although P. surinamensis has been reported for
Colombia (Morales et al. 2011), the study of the collections cited has revealed that was a
misidentification of the widespread P. tomentosa. At the same time, Prestonia antioquiana,
an endemic new species, was described and illustrated. This species has been identified as
P. trifida, but differs by its verrucose petioles and winged fruits. A key to the taxa is
included, as well as descriptions, distribution maps, a checklist of representative specimens
examined and taxonomic notes for every taxon, including the discussion of its possible

taxonomic affinities.

3.2.2. Sex, drugs and pupusas: Disentangling relationships in Echiteae
(Apocynaceae) (Publication 2)

This study represents the first one to evaluate the monophyly of the tribe Echiteae
with a comprehensive sampling, using the nuclear internal transcribed spacer (ITS) and
three plastid markers (matK and 3’/ 5’ trnK intron, rpl16 intron, trnL intron and trnL-trnF
intergenic spacer). In the analysis, almost all the currently accepted genera of the tribe were
included, except Artia and Bahiella, from which it was impossible to obtain positive PCR
reactions. A total of 408 sequences were used, of which 344 were newly generated.

Our results showed that as currently circumscribed Echiteae and four of its subtribes
(Echitinae, Parsonsiinae, Peltastinae and Prestoniinae) are non-monophyletic and the last
subtribe proposed by Endress et al. (2014), the Pentalinoninae, should be excluded from

Echiteae, because it is nested within the outgroup.
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Seven genera were found to be monophyletic (Angadenia, Artia, Asketanthera,
Laubertia, Parsonsia, Thenardia and Thoreauea). With regard to the other genera,
Temnadenia is polyphyletic, with two species as sister to Macropharynx/Peltastes/
Prestonia riedelii (Mall. Arg.) Markgr./Rhodocalyx, and one species as sister to two species
of Prestonia. Peltastes is nested within Macropharynx, rendering both genera non-
monophyletic. Fernaldia is nested within Echites and Prestonia is polyphyletic because
one species, Prestonia riedelii, is resolved as sister to the monospecific Rhodocalyx. Within
Echiteae, three major clades are recognized: the Peltastinae clade, the Echitinae clade and
the Parsonsiinae-Prestoniinae clade.

The Peltastinae clade is divided into two subclades: the Laubertia subclade and the
Peltastes subclade. The first includes three species of Laubertia resolved as sister of
Hylaea, whereas the second clade includes Macropharynx, Peltastes, Rhodocalyx and
Temnadenia. We propose the recognize the first clade as a new subtribe, Laubertinae and
the second subclade as the subtribe Peltastinae, already recognized (Endress et al. 2014) but
here proposed with a new circumscription and excluding Asketanthera, included by Endress
et al.(2014) in this tribe. Peltastes should be reduced to the synonymy of Macropharynx,
Rhodocalyx should include Prestonia riedelii and Temnadenia is reduced to only two
species.

The Echitinae clade includes three subclades: (1) the Thenardia clade (Thenardia
and Thoreauea), (2) Asketanthera subclade (Asketanthera) and (3) Echites subclade
(Echites and Fernaldia). All genera in the Echitinae clade are resolved as monophyletic,
with the exception of Echites, which includes Fernaldia, a result which was also obtained
by Livshultz et al. (2007). Therefore, it should be included in Echites. This clade is
proposed as the subtribe Echitinae, but with a different circumscription compared to
Endress et al. (2014).

The last clade comprises two subclades: the Parsonsiinae subclade (Parsonsia and
Artia) and the Prestoniinae subclade (Prestonia). These subclades are also proposed as
subtribes, but comprising only the genera cited before. The combinations resulting from the
merging of Fernaldia and Peltastes and the transfer of P. riedelii and T. ornata to

Rhodocalyx and Prestonia, respectively, are proposed.
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In the ancestors of Echiteae, we hypothesize that an evolutionary shift took place in
which steroidal alkaloids and/or cardenolides, characteristic for apocynoids, were replaced
by parsonsine type pyrrolizidine alkaloids as the predominant defense compounds.

3.2.3. A phylogenetic study of the genus Prestonia (Apocynaceae) (Publication 3)

The aim of this study was to test the monophyly of Prestonia with a larger sample
compared to Morales et al. (2017), as well as to test the monophyly of the three infrageneric
classifications proposed for the genus. A total of 62 nuclear (ITS) and 258 chloroplast
sequences (matK and 3'/ 5’ trnK intron, rpl16 intron, rpsl16 intron, trnL intron and trnL-
trnF intergenic spacer) from 65 species (including 50 species of Prestonia) were analyzed,
including representatives of all sections ever proposed, with a larger sample compared to
previous studies.

Prestonia as circumscribed by Morales et al. (2017) is resolved as monophyletic.
Almost all sections of the infrageneric sections proposed by Schumann (1895), Woodson
(1936) and Pichon (1950) are para- or polyphyletic. Schumann's sect. Euprestonia is
resolved as monophyletic. In Woodson's and Pichon's systems, only sect. Coalitae and sect.
Rhaptocarpus are monophyletic, respectively. The most extreme example of polyphyly is
found in Schumann's sect. Haemadictyon, Woodson 's sect. Annulares and Pichon's sect.
Haemadictyon, the constituent species of which are scattered among three, five and six
clades, respectively. In Woodson's classification, sect. Acutifoliae is also polyphyletic, with
species in two different clades, and sect. Tomentosae is paraphyletic, because here P.
cordifolia grouped in the Mollis clade. In Pichon's classification, the sole species of sect.
Tetraceras, P. parviflora, is nested among species of his sect. Euprestonia, and sect.
Rhaptocarpus is polyphyletic, with its members grouped with two species of sect.
Haemadyction.

Five clades were retrieved: the Haemadictyon clade, Mollis clade, Coalita clade,
Denticulata clade and Prestonia clade. The Haemadictyon clade is retrieved as sister to all
other clades in Prestonia and is divided into two clades. The first clade includes two
species, P. marginata and P. quinquangularis and the second nine taxa. They have in

common sepals without longitudinal veins, a glabrous corolla with conspicuous annular
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corona, free corona lobes with the apices exserted or included, and follicles that are free or
that remain longitudinally fused together up to maturity

The Mollis clade comprises only two species (P. cordifolia and P. mollis). They are
characterized by membranaceous, glabrous to minutely puberulent leaf blades,
membranaceous sepals with conspicuous longitudinal veins, glabrous or minutely
puberulent corollas, well-developed annular corona, free corona lobes with the apices
conspicuously exserted and follicles that remain longitudinally fused together up to
maturity.

The Coalita clade comprises two clades: one comprising P. coalita and related
species and the second with five species. Prestonia pickelii described by Markgraf in 1938,
was retrieved in this clade, far away from P. quinquangularis, showing that they are not
even closely related as was suggested by Morales (2008). The second clade is characterized
by a conspicuous annular corona and free corona lobes versus an inconspicuous annular
corona and absent free corona lobes in the first clade.

The last two clades are the Denticulata clade and the Prestonia clade (1/98), with 11
and 17 species, respectively. The plants of the Denticulata clade tend to be robust, woody
lianas. They have coriaceous, glabrous leaf blades, glabrous or minutely puberulent
corollas, conspicuous annular corona, free corona lobes with the apices exserted or
included, and follicles that are free or that remain longitudinally fused together up to
maturity. Finally, the species of the Prestonia clade are characterized by membranaceous
leaves, with pubescent blades, membranaceous sepals, conspicuously pubescent corollas,
conspicuous annular corona, sometimes deeply lobed or reduced to five conical projections,
free corona lobes with the apices exserted or included or absent, and free follicles.

We propose a new infrageneric classification for Prestonia, recognizing six
sections: Coalitae, Denticulata, Exsertae, Haemadictyon, Mollis, and Prestonia. Prestonia
pickelii is removed from the synonymy of P. quinquangularis and resurrected as an

accepted species.
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3.2.4. A monograph of the genus Prestonia (Apocynaceae, Echiteae)

(publication 4)

The last monograph of Prestonia was published by Woodson (1936), who
recognized 61 species and four sections. A taxonomic revision was carried out based on
more than 6000 herbarium specimens and field work in seven countries, recognizing 58
species classified in six sections following the infrageneric classification proposed by
Morales et al. (2017). Prestonia is widely distributed from northern Mexico and the West
Indies to northern Argentina, ranging from sea level up to 2200 m, although most species
occur below 1100 m. The genus has been reported almost in all the neotropical countries,
with the exception of Chile. In Uruguay it is represented only by P. lagoensis, based on
single specimen collected by Fruchard with a vague locality (“Montevideo, Asuncion”).
Since this species has not been reported in adjacent areas and the nearest locality from
which it is known with certainty is located much farther north, the locality of this specimen
may be erroneous, something that is known to occur in some other genera and species for
Uruguay (Morales, 2010).

Only six species are relatively widely distributed, whereas about 39% of the taxa are
endemic to a single country. Only one species (P. quinquangularis) is known from the
Caribbean and another one is also reported from Trinidad (P. exserta). Brazil has the
highest number of endemic species with eight taxa, followed by Colombia with four taxa,
Ecuador with three species, and Bolivia, Costa Rica, and Panama with two taxa each.
However, the center of diversity of the genus is located between Colombia, Ecuador and
Peru, where 34 species are known.

Several species are very variable with regards to the color of the corolla lobes and
many taxa whose distinction is based only on this character have been reduced to the
synonymy in the last decade, which is confirmed by our results. Although some species are
widespread and well collected (e.g, P. portobellensis, P. tomentosa, P. trifida), several
others (e.g., P. amazonica, P. macroneura, P. cogolloi) are only known from a few
specimens. In general, little is known about the pollination of these plants and besides
personal records of the authors based on field work, no studies about the pollinaton biology
in Prestonia have been carried out. Nomenclature, descriptions, detailed illustrations,

photographs and distribution maps are provided for each species.

17



Synopsis — Conclusion and rchallenges

3.3 Conclusion and emerging research challenges

This thesis comprises a group of studies in order to understand the systematics of
the Apocynaceae, subfamily Apocynoideae, subtribe Echiteae, providing a new

circumscription, as well as a new infrageneric classification and monograph for Prestonia.

Phylogenetic analyses showed that a new circumscription was necessary in order to
resolve Echiteae as monophyletic, as well as its four subtribes. Some genera were
retrieved as non-monophyletic and several taxonomic implications were proposed,
including the reduction to the synonymy of two genera (Fernaldia and Peltastes) and the
recircumscription of others (Prestonia, Rhodocalyx, Temnadenia). Although the
phylogeny of Echiteae is now well resolved with highly supported clades, more studies
are necessary including material from Bahiella and Ecua, in order to define its
relationships. The subtribe Pentalinoninae was removed from the Echiteae, but its
taxonomic affinities are still uncertain. In our study, Pentalinoninae was retrieved as sister
of Odontadeniae, but further studies (including the remaining genera of that tribe and a
larger sampling) are necessary to determinate if this subtribe should be included in
Odontadeniae or another tribe. In Prestonia we could show that all the infrageneric
classifications were non-monophyletic and thus, a new classification was proposed.
Additional studies including more nuclear markers and the remaining missing taxa could

help to improve our understanding of the relationships between some species.

So far, few studies have been made to test the monophyly of tribes, subtribes or the
currently generic circumscription of many groups in the Apocynoideae and the few
available are based mostly on plastid markers. The incongruence between the
classifications based on morphology and the evidence provide by molecular analysis has
been reported in apocynoids and rauvolfioids (e.g., Simdes et al. 2004, 2006, 2010;
Livshultz et al. 2007, Morales et al. 2017), showing the necessity to evaluate other

classifications still not tested.

The inclusion of nrDNA (ITS) in our studies provided a significantly increased
phylogenetic signal, compared to the results based only on cpDNA markers. Similar
results have been found in others studies in neotropical apocynoids (e.g., Livshultz, 2010).
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The ITS dataset proved to be the most informative, on which ca. 17 % of the aligned
characters are parsimony informative. The enhanced variability of nuclear loci compared
to other markers provides great potential in phylogenetic studies, however, the design and
identification of universal primers are somewhat difficult due to the polyploidy present in

plants. Future studies in the apocynoids should mandatorily include nuclear markers.

In Prestonia the number of names available before this monograph surpassed the
numbers of currently accepted taxa. The genus now has a clarified taxonomy and this
study can be used for future studies in biogeography, delimitation of priority areas for
conservation, character evolution and others. Monographic studies should be carried out
in several groups because many genera only have old and outdated monographs available
and a clear taxonomy is the base for many studies. In Prestonia and other genera of the
Echiteae, the information about pollination is poor and basically inexistent, therefore,

future studies in this area should be proposed.

Finally, Apocynaceae is well known to be rich in toxic bioactive secondary
metabolites, which are restricted mostly to genera of the Rauvolfioideae, whereas the
pyrrolizidine alkaloids (PAs) are restricted to Apocynoideae and reported to four tribes,
one of them the Echiteae. Although several studies have been made in Apocynaceae, there
are many gaps of information to confirm the presence of PAs in several genera in the
Echiteae, as well other groups in Apocynoideae. Future studies could help to confirm the
presence of PAs in untested genera, therefore providing an additional tool to elucidate

relationships in the family.
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Abstract

A treatment of Prestonia in Colombia is presented, including a key to the 25 species,
descriptions, distribution data, and selected specimens examined. Prestonia megagros is
reported for the country for first time, and conversely, P. surinamensis is excluded.
Prestonia antioquiana is newly described and ilustrated. A lectotype is designated for

Echites megagros.
Key words: Apocynoideae, Echiteae, South America
Resumen

Un tratamiento de Prestonia en Colombia es presentado, incluyendo una clave a las 25
especies, descripciones, datos de distribution, and especimenes seleccionados examinados.
Prestonia megagros se reporta por primera vez y P. surinamensis es excluida para ese pais.
Prestonia antioquiana es descrita como una novedad e ilustrada. Un lectotipo es designado

para Echites megagros.
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Introduction

Colombia is one of the countries with the highest biodiversity in South America. Some
regions have been widely highlighted in terms of floristic diversity (e.g., Galindo et al.
2003; Garcia et al. 2004; Cardenas, 2007, Cardenas et al. 2008; Cardona et al. 2011;
Idarraga-Piedrahita et al. 2011), which is likely correlated with the high diversity of
climatic and geographic conditions, and major geological events (e.g., Gentry, 1982, 1988;
Mosquera et al. 2007). Thus far, more than 24500 species of vascular plants have been
reported for Colombia (Bernal et al. 2015), a number surpassed only by that of Brazil (ca.
32500 taxa) (Forzza et al. 2010). However, several areas are poorly collected and more

information for several biogeographic regions is still needed.

Apocynaceae with more than 3700 species and ca. 355 genera, is especially diverse in the
New world, although it is also well represented in the Old world (Endress et al. 2014). The
classification of the family has undergone major changes over the last 15 years, beginning
with inclusion of the traditional Asclepiadaceae (Endress & Bruyns, 2000). As the result of
several phylogenetic studies, tribal and subtribal circumscriptions have changed, some
genera have been placed into synonymy and new genera have been described (e.g., Meve &
Liede-Schumann, 2004, Simdes et al. 2006, 2007, Endress & Hansen, 2007; Livshultz et al.
2007). However, the infra- or intergeneric delimitation for some groups is still in dispute.

In Colombia, Apocynaceae is represented by 73 genera and 294 species, of which ca. 45
genera and 256 species belong to the Apocynaceae s.s. (Bernal et al. 2015). One of the
most speciose genera is Prestonia R. Brown (1810: 58) (Apocynoideae, Echiteae), which
comprises ca. 56 species, with a center of diversity in South America, although it ranges
from Mexico and the Caribbean to northern Argentina and Paraguay (Morales, 2010).
Prestonia plants can be found in primary and secondary forest, but are most common
around the margins of forest or along streams. They are more commonly found in
secondary bushland or open areas. The genus has been reported from the coastal lowlands
(sea level) up to ca. 3000 m (Morales, 1997, 2010; Morales & Morillo, 2015). Woodson
(1936) recognized four sections in Prestonia defined by leaves pubescence, inflorescence

structure, corolla pubescence, corona features, and fruits characters (e.g., pubescence).
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Although an alternative classification was proposed by Pichon (1951), it has not taken up

by subsequent researchers.

Even though some synopses or revisions have been published for Venezuela and Ecuador
(Morillo, 1978; Morales, 2010), the only publication dealing in part with the genus in
Colombia is the Woodson monograph (1936), which is severely outdated. Although some
species have been described in recent years (Morales, 2004, 2010), a comprehensive
treatment of the genus is still lacking. The aim of this study, therefore, is to evaluate and
define the species diversity of Prestonia in Colombia. A total of 25 species are recognized,
four of them endemic: (P. antioquiana (described here), P. cogolloi, P. haughtii, P.
papillosa). This revision is part of a Ph.D. thesis submitted by the first author to the

University of Bayreuth, Germany.
Materials and methods

The type collections of all taxa described or reported in Colombia have been examined, as
well as specimens from the following herbaria: A, B, BM, BR, C, CAUP, CGE, COAH,
COL, CR, CUVC, F, FCME, G, GH, HUA, HUQ, IBGE, INB (incorporated in CR),
JAUM, K, M, MA, MEDEL, MO, NY, O, P, PSO, S, TULV, UCAM, UCOB, UDCB, US,
USF, VALLE, W, WAG, Z, and ZT. Field work has been conducted by the first author
between 2003 and 2014 to several Departments (Antioquia, Atlantico, Cundinamarca, El

Valle, Guainia, Guaviare, Quindio).

A key to the identification of all known species in Colombia is provided. Each species entry
is followed by a diagnostic morphological description (based mostly on Colombian
material), distribution data, diagnostic notes, and representative specimens examined.
Information obtained from herbarium labels was used to define the habitat and elevation
range of each species. Biogeographic areas follow Bernal et al. (2015) and only one
representative specimen is cited for each Department. For a full synonymy, see Morales et
al. (2011) and Morales & Morillo (2015). Herbarium acronyms follow Thiers (2015).
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Taxonomic treatment

Prestonia R. Brown (1811: 58), nom. cons. Type:—Prestonia tomentosa R. Brown (1811:
70).

Lianas or vines. Branchlets terete or somewhat flattened, with milky or clear latex,
glabrous to variously pubescent, with intrapetiolar colleters. Leaves opposite, leaf blades
glabrous or variously pubescent, membranaceous to coriaceous. Inflorescence a
monochasial or dichasial cyme, axillary to terminal, few- to many-flowered, glabrous,
glabrescent to variously pubescent, bracts scarious to foliaceous. Sepals 5, free, rarely
connate at the base and forming a campanulate cup, each sepal with a single entire to
variously lacerated colleter centered at the base within. Corolla salverform, rarely
infundibuliform, glabrous to pubescent, lobes 5, aestivaton dextrorse, annular corona
present around the mouth, usually with 5 free corona lobes within the staminal sectors of
the tube, sometimes free corona lobes absent. Stamens 5, anthers connivent and
agglutinated to the style-head. Carpels two, apocarpous but united at the apex, style-head
spool-shaped; ovules many, several-seriate; nectary annular, variously lobed, or divided
into 5 free lobes. Follicles 2, apocarpous, usually free, sometimes united longitudinally
until mature, glabrous or variously pubescent, rarely winged. Seeds numerous, dry,

truncate, comose at the micropylar end.

Key to the species of Prestonia in Colombia

1. Corolla tube, abaxial surfaces of the corolla lobes and follicles pubescent to varying
degrees, the indument ferrugineous, brown, or yellow... 2.

- Corolla tube, abaxial surfaces of the corolla lobes and follicles glabrous, glabrescent, or
puberulent (P. megagros), the indument green or colorless ... 8.

2. Corolla tube without free corona lobes within ... P. mexicana

- Corolla tube with free corona lobes within ... 3.

3. Apices of the free corona lobes deeply included within the corolla tube, and
conspicuously below the apices of the anthers; inflorescence terminal, subterminal or
axillary ... 4.

- Apices of the free corona lobes exserted or slightly included, equaling or above the apices

of the anthers; inflorescence axillary ... 5.
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4. Sepals 8-11 x 2-3 mm; anthers 7-9(-11) mm long; pedicels 11-14 mm long;
inflorescence axillary to subterminal ... P. mucronata

- Sepals 2.5-4 x 1-1.5 mm; anthers 3.5-4 mm long; pedicels 5-7 mm long; inflorescence
terminal or subterminal ... P. parviflora

5. Rachis and peduncle of the inflorescence tomentose, tomentulose, or velutinous, the
indument more or less adpressed ... 6.

- Rachis and peduncle of the inflorescence hirsute to hispid, the indument more or less erect

L.

6. Leaf blades sparsely and irregularly hirsute to hirsutulous abaxially, the indument
irregularly distributed; sepals 3—4.5 mm wide; nectary as tall as the ovary ... P. cogolloi

- Leaf blades densely velutinous-tomentose abaxially, the indument uniformly distributed;
nectary taller than the ovary ... P. tomentosa

7. Leaf blades densely velutinous to velutinous-tomentose abaxially; follicles 8-14 mm
diam. ... P. seemannii

- Leaf blades moderately to sparsely hirsute abaxially; follicles 20-22 mm diam. ... P.
ipomaeifolia

8. Corolla tube without free corona lobes within ... P. coalita

- Corolla tube with free corona lobes within ... 9.

9. Sepal apices reflexed; inflorescence a monochasial cyme ... P. quinquangularis

- Sepal apices not reflexed; inflorescence a monochasial or dichasial cyme ... 10.

10. Free corona lobes less than 1.5 mm long, their apices conspicuously below the anther
apices, deeply included... 11.

- Free corona lobes 2-5.5 mm long, their apices equalling to conspicuously above the
anther apices, exserted or barely included ... 15

11. Sepals basally connate for 1/3-1/2 of their length, forming a campanulate cup ... P.
haughtii

- Sepals free, not forming a campanulate cup ... 12.

12. Inflorescence a monochasial cyme, unbranched ... 13.

- Inflorescence a dichasial cyme, branched ... 14.

13. Sepals 2.5-5 mm long; free corona lobes 1-1.5 mm long; anthers 4-4.6 mm long;

follicles 13-24 cm long; seeds 10—15 mm long ... P. cayennensis
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- Sepals 6.5-8 mm long; free corona lobes 1.5-2 mm long; anthers 5.3-5.5 mm long;
follicles 29-32 cm long; seeds 17—19 mm long ... P. vaupesana

14. Corolla tube 6-9 x 2—2.1 mm, the lobes 5-6 mm long ... P. papillosa

- Corolla tube 13-18 x 3-5 mm, the lobes 9-15 mm long ... P. annularis

15. Leaf blades membranaceous, the tertiary veins scarcely impressed abaxially,
inconspicuous (or nearly so) adaxially ... 16.

- Leaf blades coriaceous to subcoriaceous, the tertiary veins conspicuously impressed on
both surfaces ... 18.

16 Inflorescence conspicuously longer than the adjacent leaves; sepals falcate ... P.
falcatosepala

- Inflorescence shorter than or equaling adjacent leaves; sepals not falcate ... 17.

17. Free corona lobes almost totally exserted; inflorescence a dichasial cyme, usually 1-2-
branched. ... P. exserta

- Free corona lobes with the apices slightly exserted or barely included; inflorescence a
monochasial cyme, unbranched ... P. folsomii

18. Sepals 3-8 x 2-3(—4) mm ... P. longifolia

- Sepals (9-)10-20 x 3-8 mm ... 19.

19. Leaf blades densely to moderately puberulent abaxially; follicles puberulent ... P.
megagros

- Leaf blades glabrous or glabrescent with indument restricted to the midrib abaxially;
follicles glabrous, glabrescent or papillate... 20.

20. Inflorescence a monochasial cyme; sepals with the base drying darker than the rest of
the surface ... P. lindleyana

- Inflorescence a dichasial cyme; sepals drying with a more or less uniform color ... 21.

21. Floral bracts 8-18 x 2.8-4 mm, narrowly elliptic, narrowly ovate-elliptic or narrowly
ovate, conspicuously foliaceous ... P. rotundifolia

- Floral bracts 1-6 x 0.5-1.5 mm, linear, linear-elliptic or linear-ovate, not foliaceous ...
22.

22. Corolla tube sparsely puberulent; follicles divaricate... P. vana

- Corolla tube glabrous; follicles not divaricate... 23.
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23. Stems papillate-puberulent; nectary completely covering the ovary; follicles 6-8 mm
diam., firmly membranaceous when old ... P. portobellensis

- Stems glabrous; nectary not covering the ovary; follicles 8-11 mm diam., somewhat
woody when old ... 24.

24. Petioles not verrucose; corolla lobes 8.5-15 mm long; seeds 1821 mm long ... P.
trifida

- Petioles conspicuously and irregularly verrucose; corolla lobes 17-21 mm long; seeds 15—

17 mm long ... P. antioquiana

Prestonia annularis (L.f.) G. Don (1837: 84). Echites annularis Linnaeus f. (1781: 166).
Haemadictyon (?) annulare (Linnaeus f.) Candolle (1844: 428). Temnadenia annularis
(Linnaeus f.) Miers (1878: 216). Type:—SURINAME. Without data. Herb. Alstroemerii
s.n. (lectotype, designated by Morales (2007b) S-LINN 09-34535!) Fig. 1.

Stem glabrous to glabrescent at maturity. Petioles 0.9-2.7 cm; leaf blade 9-35 x 5-21 cm,
elliptic, ovate-elliptic to broadly ovate, apex acuminate or acute, base obtuse to rounded,
coriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves, minutely
puberulent to glabrescent, peduncle 2—7 cm, pedicels 1.1-2.1 cm long, floral bracts 1-5 x
0.5-1 mm, linear. Sepals 10-17 x 2.5-4.5 mm, free, narrowly ovate to narrowly elliptic,
not reflexed, glabrous, foliaceous, drying with a more or less uniform color. Corolla yellow
(with purple stripes) or greenish white, glabrous outside, tube 13-18 x 3-5 mm, lobes 9-15
x 6-12 mm, obliquely obovate, free corona lobes 1-1.5 mm long, deeply included, their
apices conspicuously surpassed by the anther apices, annular corona entire to subentire.
Anthers 5-6 mm, the apices slightly exserted or barely included. Ovary 1-2 mm tall,
nectary 1.2-2.3 mm, surpassing the ovary, irregularly 5-lobed. Follicles 32—44 x 0.6-0.8
cm, free, but usually united at the tips (at least when young), glabrous; seeds 14-20 mm,

coma 2-3.5 cm, tan.

Distribution:—Colombia to Peru, Bolivia, northeastern Brazil, Guyanas, and
Trinidad and Tobago. Pacific, Magdalena Valley, Andes, Guyana and Sierra de la

Macarena, from 0 to 1550 m.
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Taxonomic notes:—Prestonia annularis shows an overall resemblance to P.
portobellensis (Beurling) Woodson (1931: 553), from which it differs by its shorter free
corona lobes (1-1.5 mm vs. 4-5 mm), that are deeply included within the corolla tube (vs.

exserted).
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FIGURE 1. Distribution of Prestonia annularis.
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Representative specimens examined:—COLOMBIA. Antioguia: Rio Segovia, Segovia,
21 July 1979, Renteria et al. 1728 (COL, HUA). Boyacé: Puerto Boyac4, Dos Quebradas,
25 November 1997, Méndez 69 (COL). Caquetd: Florencia, corregimiento de Santo
Domingo, vereda Santander, finca Monaco, 16 March 2012, Restrepo & Aguilar 776
(CAUP). Cauca: Timbiqui, Quebrada Yucal, tributario del Rio Bubuey, comunidad
Indigena Almorzadero, 24 September 2000, Reina et al. 937 (CAUP). Chocé: Bahia
Solano, Puerto Mutis, 4 January 1973, Gentry & Forero 7162 (COL, MO, Z). Meta: Parque
Nacional Natural Tinigua, Rio Duda, Serrania Chamusa, Centro de Investigaciones
Ecoldgicas La Macarena, April 1997, Stevenson 2040 (COAH, COL, HUA, NY).

Prestonia antioquiana J. F. Morales & S. Liede-Schumann, sp. nov. Figs. 2-5.

Prestonia antioquiana resembles P. trifida, but differs by its petioles conspicuously and

irregularly verrucose, and follicles with 3-4 longitudinal wings.

Type:—COLOMBIA. Antioquia: San Luis, Rio Claro, 26 December 1983, A. Cogollo
1133 (holotype JAUM!, isotypes COL!, HUA!, MO!).

Stem glabrous. Petioles 1.5-3 cm, conspicuously and irregularly verrucose; leaf
blade 19-35 x 7-14 cm, broadly elliptic, elliptic to obovate-elliptic, apex obtuse and
shortly acute, base obtuse, coriaceous, glabrous; tertiary veins impressed on both surfaces.
Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves, densely and
minutely puberulent, peduncle 7-14 cm, pedicels 0.8-2 cm long, floral bracts 1.5-2 x 0.5-
1.5 mm, linear. Sepals 11-16 x 4-6.5 mm, free, narrowly ovate to narrowly ovate-elliptic,
not reflexed, inconspicuously puberulent, foliaceous, drying with a more or less uniform
color. Corolla cream to greenish cream, usually glabrous outside, tube 17-18 x 4-5 mm,
lobes 17-21 x 7-9 mm, obliquely obovate; free corona lobes 3-3.5 mm long, the apices
exserted, their height equaling or slightly surpassing that of the anther apices, annular
corona entire. Anthers 5.1-5.8 mm, the apices slightly exserted. Ovary 1-1.5 mm tall,
nectary divided into 5 lobes 1-1.7 mm, equaling or barely surpassing the ovary. Follicles
14-28 x 0.9-1.1 cm, free, but usually united at the tips (at least when young), with 3-4

longitudinal wings, glabrous; seeds 15-17 mm, coma 2.8-3.4 cm, tan.
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FIGURE 3. Prestonia antioquiana A. Flowers. B. Dissected calyx, with one sepal

removed, showing the colleter (arrow).

Distribution:—Endemic to the Department of Antioquia, Colombia, in tropical wet
forest at 150-800 m of elevation.

Etimology:—The species is named after the Antioquia Department, one of the most

diverse departments in the country.

Taxonomic notes:—Prestonia antioquiana resembles P. trifida (Poeppig)
Woodson (in Gleason & Smith 1933: 392), but can be differentiated by its verrucose
petioles (vs. not verrucose), longer corolla lobes (17-21 mm vs. 8.5-15 mm), follicles with

3-4 longitudinal wings, and shorter seeds (15-17 mm vs.18-21 mm).

Representative specimens examined:—COLOMBIA. Antioquia: NE de Céceres,
Troncal de La Paz, 6 November 1987, Callejas et al. 5406 (CR, HUA, MO, NY, US,
WAGQG); San Luis, vereda Las Confusas, 20 May 1990, Cogollo et al. 4503 (COL, JAUM,
MO); San Luis, Quebrada La Cristalina, 4 December 1986, Ramirez & Cardenas 233 (CR,
HUA, JAUM, MO).

Prestonia cayennensis (Candolle) Pichon (1951: 25). Haemadictyon cayennense Candolle
(1844: 427). Type:—FRENCH GUIANA. Cayenne: Cayenne, s.d., J. Vargas s.n. (holotype
G-DC!) Fig. 5.

Stem glabrous or minutely papillate-puberulent. Petioles 0.3-1 cm; leaf blade 4.5—
16 x 1.8-5 cm, elliptic to narrowly elliptic, apex acute to caudate, base cuneate to obtuse,
subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a monochasial cyme, axillary, shorter or longer than the adjacent leaves,
glabrous to sparsely puberulent, peduncle 2.5-5.7 c¢cm, pedicels 0.8-1.5 cm long, floral
bracts 0.5-2 x 0.5-1 mm, linear. Sepals 2.5-5 x 1-1.5 mm, free, narrowly ovate to
narrowly elliptic, not reflexed, glabrous, very small, drying with a more or less uniform
color. Corolla yellowish green to pinkish green, glabrous outside, tube 12—-17 x 2.5-4 mm,

lobes 7-11 x 4-6 mm, obliquely obovate, free corona lobes 1-1.5 mm long, deeply
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included, their apices conspicuously surpassed by the anther apices, annular corona entire.
anthers 4-4.6 mm, the apices slightly exserted. Ovary 1.5-2 mm tall, nectary 1.1-1.7 mm,
usually shorter than the ovary, divided into 5 lobes, free or connate basally. Follicles 13-24
x 0.3-0.4 cm, free, but sometimes united at the tips (at least when young), glabrous; seeds

10-15 mm, coma 1.5-3.8 cm, cream.

Distribution:—Colombia to Bolivia, Guyanas, and Brazil. In Colombia in the

Pacific, Amazon, and Guyana, 0—450 m.

Taxonomic notes:—This species is vegetatively similar to P. vaupesana Woodson
(in Schultes 1957: 178), but can be recognized by its smaller sepals (2.5-5 mm vs. 6.5-8
mm), free corona lobes deeply included within the tube, and shorter follicles.

Representative specimens examined:—COLOMBIA. Caqueta: cima del Cerro
Chiribiquete, January 1944, Gutiérrez et al. 565 (MO). Guainia: Rio Negro, Piedras del
Cocuy, 24 February 1965, Fernandez et al. 6991 (COL). Guaviare: San José del Guaviare,
serrania de la Lindosa, camino entre ciudad de Piedra y filo de Piedra, 22 March 2008,
Cérdenas et al. 21467 (COAH). Vaupés: Rio Papuri, entre Santa Teresita y Piracuara, 4
July 2002, Castafio & Betancur 1553 (COL).

Prestonia coalita (Vellozo) Woodson (1931: 552). Echites coalitus Vellozo (1825: 112).
Rhaptocarpus coalitus (Vellozo) Miers (1878: 152). Type:—BRAZIL. FI. Flumin., Icon 3:
pl. 40. 1827 (1831) [lectotype, designated by Morales (2006)] Fig. 5.

Stem glabrous to inconspicuously puberulent. Petioles 0.51 cm; leaf blade 4.5-
12.4(-17) x 3-6 cm, elliptic to ovate-elliptic, apex acute and shortly apiculate, base obtuse,
membranaceous, glabrous or glabrescent, tertiary veins impressed abaxially, and barely
visible adaxially. Inflorescence a usually a dichasial cyme, axillary, shorter than the
adjacent leaves, puberulent to glabrous, peduncle 0.4-1.1 cm, pedicels 0.4-1 cm long,

floral bracts 1.7-3 x 1-1.5 mm, linear. Sepals 3—7 x 2-3.3 mm, free, linear, usually

reflexed, glabrous, drying with a more or less uniform color. Corolla cream to creamish

green, glabrous outside, tube 10-16 x 1.5-1.9 mm, without free corona lobes within, lobes
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585 x 4-45 mm, obliquely obovate, annular corona entire. Anthers 4.5-5.5 mm,
included. Ovary 0.9-1.1 mm tall, nectary 0.9-1.1 mm, equaling the ovary, 5-lobed.
Follicles 18-36 x 0.4-0.7 cm, connate longitudinally or free and united only at the tips,
glabrous; seeds 8-10 mm, coma 2.7-3.8 cm, cream.
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FIGURE 5. Distribution of P. antioquiana, P. cayennensis, P. coalita, and P. cogolloi.

Distribution:—Colombia to Bolivia and Argentina. Magdalena Valley, 200-800 m.
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Taxonomic notes:.—Prestonia coalita is characterized by the following
combination of characters: leaf blades glabrous or glabrescent, inflorescence a dichasial
cyme, with flowers densely congested, and corollas without free corona lobes within.

Representative specimen examined:—COLOMBIA. Cundinamarca: San Juan de
Rio Seco, entre Cambao y San Juan de Rio Seco, 23 September 1981, Rangel & Salamanca
3292 (COL, CR).

Prestonia cogolloi J.F. Morales (2007a: 148). Type:—COLOMBIA. Antioquia: Turbo,
road to Tapon del Darién, Rio Ledn, 16 January 1985, J. Brand, E. Renteria & A. Cogollo
1329 (holotype JAUM!, isotype CR!) Fig. 5.

Stem sparsely to moderately hirsutulous, glabrescent at maturity. Petioles 1.1-2 cm;
leaf blade 24-33.5 x 15.4-20 cm, broadly elliptic to broadly obovate, apex cuspidate, base
slightly subcordate, membranaceous, sparsely puberulent adaxially (but the indument more
dense along the midrib), sparsely and irregularly hirsute to hirsutulous abaxially, the
pubescence irregularly distributed, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a dichasial cyme (but resembling an umbel), axillary, shorter than the
subtending leaves, tomentose, peduncle 4.8-5.5 cm, pedicels 0.8-1 cm long, floral bracts
5-14 x 2-4 mm, elliptic to ovate-elliptic. Sepals 11-13 x 3-4.5 mm, free, narrowly elliptic,
not reflexed, tomentulose, foliaceous, drying with a more or less uniform color. Corolla
yellow, densely hispid outside, tube 11-14 x 3.5-4.5 mm, lobes 8-9 x 6-8 mm, obliquely
obovate, free corona lobes 3-4 mm long, the apices exserted, their height equaling that of
the anther apices, annular corona entire. Anthers ca. 6 mm, the apices exserted. Ovary 2—

2.5 mm tall, nectary 2-2.5 mm, equalling the ovary, irregularly lobed. Follicles unknown.
Distribution:—Endemic, grows in the Pacific area, 50-100 m.

Taxonomic notes:—~Prestonia cogolloi resembles P. ipomaeifolia Candolle (1844:
429), but differs by its inflorescences with the rachis and peduncle tomentulose (vs. hirsute)
and corona lobes 3-4 mm long (vs. 2-2.3 mm).
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Representative specimen examined:—COLOMBIA. Antioquia: cerca de Rio
Ledn, 15 km al O de Chigorodd, 19 March 1962, Feddema 1953 (US)

Prestonia exserta (Candolle) Standley (1925: 460). Haemadictyon exsertum Candolle
(1844: 426). Type:—VENEZUELA. Distrito Federal: Caracas, 1830, J. Vargas 54
(holotype G-DC?!) Fig. 6.

Stem puberulent to glabrescent. Petioles 0.6-1.2 cm; leaf blade 4.9-11.2 x 2.4-5.1
cm, elliptic to broadly ovate, apex acute to short-acuminate, base obtuse or rounded,
membranaceous, glabrous or puberulent adaxially, tomentulose to glabrescent abaxially,
tertiary veins scarcely impressed abaxially, inconspicuous adaxially. Inflorescence a
dichasial cyme, axillary, shorter than the adjacent leaves, puberulent, peduncle 0.6-2.2 cm,
pedicels 0.9-1.3 cm long, floral bracts 2-6 x 1-1.6 mm, linear or linear-elliptic. Sepals 7-8
x 2-4 mm, free, linear to narrowly ovate or narrowly obovate, the apices not reflexed,
puberulent, subfoliaceous, drying with a more or less uniform color. Corolla yellowish
green, glabrous outside, tube 13-17 x 3-3.8 mm, lobes 9-12 x 4-5 mm, obliquely obovate,
free corona lobes 4-5 mm long, almost completely exserted, their apices conspicuously
surpassing the anther apices, annular corona entire. Anthers 4-5 mm, the apices exserted.
Ovary 2-2.5 mm tall, nectary 1-1.5 mm, shorter than the ovary, divided into 5 lobes.
Follicles 23-28.5 x 0.3-0.4 cm, free and united at the tips or connate longitudinally,

glabrous; seeds 11-15 mm, coma 2.1-2.6 cm, creamish.

Distribution:—Central Panama to Venezuela, and Trinidad y Tobago. Caribbean

plains and Magdalena Valley, 0-750 m.

Taxonomic notes:—Prestonia exserta resembles P. folsomii J. F. Morales (1996:

285), but it is easily separated by its conspicuously exserted free corona lobes.
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FIGURE 6. Distribution of P. exserta, P. falcatosepala, P. folsomii, and P. haughtii

Representative specimens examined:—COLOMBIA. Bolivar: entre Cartagena y

Turbaco, 16 January 1941, Dugand & Jaramillo 2839 (COL, US). Cesar: Poponte, valle del
Magdalena, 19 Octuber 1924, Allen 777 (MO). Chocé: Loma de los Colorados, cerca a San
Juan de Nepomuceno, 31 December 1992, Gentry et al. 78449 (MQ). Cundinamarca:

camino a Puerto Bogota, entre Rio Magdalena a Puerto Salgar, 5 March 1977, Gentry et al.
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18083 (COL, MO). Huila: Villavieja, resguardo Indigena Tatacoa, 31 Octuber 2003,
Figueroa & Galeano 450 (COL, CR). Magdalena: Cienaga Rio Frio, January 1949,
Romero-Castafieda 1362 (COL). Santander: 40 km al S de Bucaramanga, 16 December
1948 Araque & Barkley 328 (COL, FMB, MEDEL, MO, US, VALLE). Tolima: Chicoral,
13 May 1949, Haught 6437 (COL, MO, US).

Prestonia falcatosepala J.F. Morales (2004: 162). Type:—ECUADOR. Carchi: border
between Carchi and Esmeraldas, road from Lita to Alto Tambo, 27 June 1991, H. van den
Werff, B. Gray & G.A. Tipaz 12076 (holotype MO!, isotype CR!) Fig. 6.

Stem puberulent to glabrescent. Petioles 1-1.6 cm; leaf blade 3.5-6.7 x 2.4-3.2 cm,
elliptic to ovate, apex acuminate, base obtuse to rounded, membranaceous, glabrescent or
minutely puberulent abaxially, tertiary veins scarcely impressed abaxially, and
inconspicuous adaxially. Inflorescence a monochasial cyme, axillary, longer than the
adjacent leaves, puberulent to glabrescent, peduncle 5-9.5 cm, pedicels 2.2-2.8 cm long,
floral bracts 4-5 x 0.5-1 mm, linear. Sepals 7.5-9 x 2.3-3.3 mm, free, narrowly elliptic,
falcate, not reflexed, puberulent to glabrous, very small. Corolla lobes yellow, with purple
lines basally, glabrous, tube 15-17 x 3-3.8 mm, lobes 10-11 x 8-9 mm, obliquely obovate,
free corona lobes 3—4 mm long, exserted, their apices conspicuously surpassing the anther
apices, annular corona entire. Anthers 5-6 mm, the apices slightly exserted. Ovary 1.6-2
mm tall, nectary 1-1.4 mm, shorter than the ovary, variously 5-lobed. Follicles 25.5-29 x

0.2-0.3 cm, connate longitudinally, glabrous; seeds 7-8 mm, coma 1.7-2.8 cm, cream.
Distribution:—Colombia to Peru. Pacific, Andes, and Cauca Valley, at
550-1300 m.

Taxonomic notes.—Prestonia falcatosepala is morphologically similar to P.
exserta, but it is distinguished by its elongated inflorescences, scarious floral bracts, and

falcate sepals.

Representative specimens examined:—COLOMBIA. Antioquia: Urrao, Vereda

Cruces, Vereda Cruces, camino al Rio Penderisco desde la escuela La Esperanza,
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alrededores del puente sobre el Rio Penderisco, Parque Nacional Natural Las Orquideas, 6
May 2013, Hoyos-Gomez et al. 2313 (COL). Choc6: 31 km E de Quibdo, ca. 14 km E de
Tutunendo, cerca a la villa Chocoana El Veintiuno, 14 June 1982, Gentry & Brand 36932
(COL, JAUM, MO, USF). Risaralda: Mistratd, San Antonio de Chami, carretera a La
Mesenia, 27 April 1992, Betancur et al. 3485 (COL).

Prestonia folsomii J. F. Morales (1996: 285). Type:—COLOMBIA. Valle del Cauca:
Buenaventura, Bajo Calima region, between Buenaventura and Malaga, km 51.3, 8
February 1990, T. Croat & J. Watt 70348 (holotype CR!, isotypes MO!, USF!) Fig. 6.

Stem puberulent to glabrescent. Petioles 0.4-1 cm; leaf blades 4.2-10.8 x 2.6-5.1
cm, elliptic to narrowly obovate, apex acuminate, base obtuse, membranaceous, sparsely
puberulent to glabrescent, tertiary veins scarcely impressed abaxially, inconspicuous
adaxially. Inflorescence a monochasial cyme, axillary, shorter than the adjacent leaves,
puberulent, peduncle 2.4-3.8 cm, pedicels 0.9-2.2 cm long, floral bracts 2.8-3.8 x 1-1.2
mm, linear. Sepals 10-13 x 3—4 mm, free, narrowly ovate to elliptic, not reflexed, sparsely
puberulent, foliaceous to subfoliaceous, drying with a more or less uniform color. Corolla
yellow, glabrous outside, tube 11-13 x 3-4 mm, lobes 12-13 x 8-9 mm, obliquely obovate,
free corona lobes 2-2.8 mm long, the apices slightly exserted, their height equaling or
slightly surpassing that of the anther apices, annular corona entire. Anthers 4-4.5 mm, the
apices exserted. Ovary 1-1.5 mm tall, nectary ca. 1.5 mm, conspicuously longer than the

ovary, moderately 5-lobed. Follicles unknown.
Distribution:—Panama and Colombia. Pacific, 100-600 m..

Taxonomic notes:—Prestonia folsomii shows some resemblance to P. exserta, but
the latter species can be differentiated by the free corona lobes 4-5 mm long, with their
apices almost completely exserted and conspicuously surpassing the anthers apices, and
shorter corolla tube (vs. free corona lobes 2-2.8 mm long, with their apices equaling or

slightly surpassing the anther apices).
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Representative specimens examined:—COLOMBIA. Antioquia: Frontino,
Encarnacion, Parque Nacional natural Las Orquideas, sector Venados, 11 April 2011,
Betancur et al. 15159 (COL).

Prestonia haughtii Woodson (1948: 235). Type:—COLOMBIA. Antioquia: Necocli, 25
June 1946, O. Haught 4911 (holotype MOQ!, isotypes COL!, US!). Fig. 6.

Stem glabrous. Petioles 0.8-1.8 cm; leaf blade 19-23 x 7.9-12 cm, obovate or
elliptic, apex rounded and mucronulate, base obtuse, coriaceous, glabrous, tertiary veins
conspicuously impressed on both surfaces. Inflorescence usually a dichasial cyme,
axillary, shorter than the adjacent leaves, glabrous, peduncle 3.5-7 cm, pedicels 1.2-2 cm
long, floral bracts 1-1.5 x 1 mm, linear. Sepals 7-9 x 5-6 mm, connate at the base for 1/3—
1/2 of their length, forming a campanulate cup, ovate, not reflexed, glabrous foliaceous,
drying with a more or less uniform color. Corolla yellow, glabrous outside, tube 15-20 x
5-6.5 mm, lobes 13-16 x 6-7 mm, obliquely obovate, free corona lobes 1-1.5 mm long,
included, their apices conspicuously surpassed by the anther apices, annular corona entire
to inconspicuously lobed. Anthers 4.5-5 mm, included. Ovary ca. 1 mm tall, nectary ca. 2
mm, conspicuously surpassing the ovary, variously 5-lobed. Follicles 33-38 cm x 1.1-1.4

cm, free or connate longitudinally, glabrous; seeds unknown.
Distribution:—Endemic. Pacific and Magdalena Valley, 50-450 m.

Taxonomic notes:—Prestonia haughtii is distinguished by its glabrous leaves,
sepals connate for 1/3—1/2 of their length, forming a conspicuous campanulate cup, and free
corona lobes less than 2 mm long.

Representative specimens examined:—COLOMBIA. Antioquia: Turbo, carretera
Currulao-Nueva Antioquia, 11 km de Currulao, 3 August 1987, Callejas et al. 5008 (COL,
HUA, NY, WAG). Choco: Turbo, carretera al Tapon del Darién, 28 January 1984, Brand &
Lozano 816 (COL, CR, JAUM, MO). Tolima: Mariquita, 1851-1852, Triana 1958 (P).
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Prestonia ipomaeifolia Candolle (1844: 429). Type:—FRENCH GUIANA. Cayenne:
Cayenne, s.d., J. Le Blond s.n. (holotype G-DC!) Fig. 7

Stem sparsely hirsute. Petioles 1.2-2.2 cm; leaf blade 16-29 x 9.5-19 cm, elliptic,
apex acuminate, base obtuse to rounded, membranaceous, sparsely hirsute on both surfaces,
tertiary veins conspicuously impressed on both surfaces. Inflorescence a dichasial cyme
(but resembling an umbel), axillary, shorter than the subtending leaves, hirsute, peduncle
1.9-2.8 cm, pedicels 0.3-0.7 cm long, floral bracts 7-15 x 3-4 mm, narrowly elliptic,
subfoliaceous. Sepals 7-11 x 3.5-6 mm, free, ovate to narrowly elliptic, not reflexed,
sparsely hirsute, foliaceous to subfoliaceous, drying with a more or less uniform color.
Corolla yellow, hirsute outside, tube 12-14 x 4-5 mm, lobes 8-11 x 6-8 mm, obliquely
obovate, free corona lobes 2-2.2 mm long, the apices exserted, their height surpassing that
of the anther apices, annular corona entire. Anthers 5.8-6 mm, included. Ovary ca. 1 mm,
glabrous, nectary 2-2.8 mm tall, conspicuously surpassing the ovary, entire to slightly 5-
lobed. Follicles 9-11 x 2-2.2 cm, divaricate, free, the tips divergent, hirsute or pilose;

seeds not seen.
Distribution:—Panama to Peru, Guyana, and French Guiana. Pacific, below 200 m.

Taxonomic notes:—Prestonia ipomaeifolia can be confused with P. cogolloi, but
differs by its sparsely to moderately hirsute dichasial inflorescences and corona lobes 2-2.3

mm.

Representative specimens examined:—COLOMBIA. Antioquia: Turbo, Caracoli,
via Turbo-San Pedro de Uraba, 23 km ENE de Turbo, 1 August 1987, Callejas et al. 4893
(HUA). Chocd: Bojaya, Rio Atrato, 14 April 1982, Forero et al. 9248 (COL, CR, MO).
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FIGURE 7. Distribution of P. ipomaeifolia, P. lindleyana, P. longifolia, and P. megagros
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Prestonia lindleyana Woodson in Gleason & Smith (1933: 392). Haemadictyon calycinum
Lindley ex Miers (1878: 259), nom. illeg. Type:—BRAZIL. Amazonas: near Manaus, Rio
Negro, October 1851, R. Spruce 1882 (holotype CGE!, isotypes K!, NY!) Fig. 7.

Stem inconspicuously puberulent to glabrescent. Petioles 0.6-1 cm; leaf blade 8.9—
17 x 3-8.5 cm, elliptic to obovate-elliptic, apex acute or acuminate, base obtuse,
subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a monochasial cyme, axillary, shorter or longer than the adjacent leaves,
puberulent to glabrescent, peduncle 5-8.5 cm, pedicels 0.6-1.1 cm long, floral bracts 1-2 x
0.5-1 mm, linear. Sepals 10-12 x 3-4.5 mm, free, narrowly ovate, not reflexed, glabrous,
foliaceous, the base drying clearly darker than the rest of the sepal. Corolla yellow,
glabrous outside, tube 10-15 x 3-4 mm, lobes 6-9 x 5-6 mm, obliquely obovate, free
corona lobes ca. 2 mm long, the apices barely exserted, their height equaling or slightly
surpassing that of the anther apices, annular corona subentire Anthers 4.2-5.3 mm, the
apices exserted. Ovary 1.5-1.9 mm tall, nectary 1.5-2 mm, equaling the ovary, divided
into 5 separate lobes. Follicles 13-24 x 0.5-0.6 cm, free, but sometimes united at the tips,
glabrous; seeds 18-20 mm, coma 2—3.1 cm, tannish cream.

Distribution:—Colombia, Venezuela, and northern Brasil. Amazon, 200-550 m.

Taxonomic notes:—Prestonia lindleyana can be recognized by its unbranched
inflorescence, scarious bracts, and sepals with the base drying darker than the rest of the

sepal.

Representative specimens examined:—COLOMBIA. Amazonas: Rio Caqueta,
alrededores de Araracuara, 10 November 1982, Idrobo et al. 11427 (COL). Guaviare:
Miraflores, entre ElI Cafio y Maloca de EIl Capitan, 7 January 1993, Gamboa & Pedreros
206 (CUVC). Meta: San Juan del Lozada, via Villa Rica-El Cocli, 12 August 2008, Castro
& Navarrete 5877 (COAH). Vaupes: riberas del Rio Inirida, sitio Raudal Alto o Mariapiri,
3 February 1953, Fernandez 2054 (COL, US).
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Prestonia longifolia (Sessé & Mogifio) J. F. Morales (1996: 286). Echites longifolius Sessé
& Mogifio (1887 [1893]: 45). Type:—MEXICO. Veracruz: San Andrés Tuxtla, s.d., M.
Sessé & J. Mogifio 5007 (lectotype MA! designated by Morales (1996); isolectotype, F!)
Fig. 7.

Stem glabrous to glabrescent. Petioles 0.7-1.8 cm; leaf blade 8.5-17.5 x 3.5-8.5
cm, elliptic, apex short-acuminate, base obtuse, subcoriaceous, glabrous, tertiary veins
conspicuously impressed on both surfaces. Inflorescence a dichasial cyme, axillary, shorter
than or equaling the adjacent leaves, glabrous or glabrescent, peduncle 2.6-5.5 cm, pedicels
0.1-1.6 cm long, floral bracts ca. 1 x 0.5 mm, linear. Sepals 3-8 x 2-3 (—4) mm, free,
narrowly ovate, not reflexed, glabrous, very small, drying with a more or less uniform
color, the veins inconspicuous. Corolla cream to yellowish green, glabrous outside, tube
14-18 x 3.5-4 mm, lobes 7-11 x 6-8 mm, obliquely obovate, free corona lobes 2-2.8 mm
long, slightly exserted, their apices equaling the anther apices, annular corona entire.
Anthers 5-5.4 mm, the apices slightly exserted. Ovary 1.5-2 mm tall, nectary 2-2. mm,
surpassing the ovary, 5-lobed. Follicles 29-45 x 0.3-0.4 cm, free, but sometimes united at
the tips (at least when young), glabrous; seeds 9-11 mm, coma 1.7-2.7 cm, cream.

Distribution:—Southern Mexico to Colombia, Pacific, below 300 m.

Taxonomic notes:—Prestonia longifolia can be confused with P. portobellensis,
but differs by its smaller sepals 3-8 mm and free corona lobes apices 2-2.8 mm long (vs.

sepals 11-18 mm and free corona lobes 4-5 mm).

Representative specimens examined:—COLOMBIA. Choc6: Acandi, Unguia, 3
July 1976, Forero 552 (COL, MO). Cauca: Guapi, Parque Nacional Gorgona, entre playa
Blanca y Gorgonilla, 5 September 1987, Lozano et al. 5634 (COL).
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Prestonia megagros (Vellozo) Woodson (1934: 623). Echites megagros Vellozo (1825:
110) Haemadictyon megalagrion Miller Argoviensis (1860a: 170), nom. illeg. Prestonia
megalagrion Miers (1878: 149). Type:—BRAZIL. Without data, FI. Flumin., Icon. 3: pl.
33. 1827 (lectotype designated here) Fig. 7.

Stem papillate-puberulent, glabrescent at maturity. Petioles 2-1.4 c¢cm; leaf blade
10.5-19 x 6.5-10.5 cm, elliptic to obovate, apex abruptly short-acuminate, base obtuse to
rounded, coriaceous to subcoriaceous, densely to moderately papillate-puberulent on both
surfaces, tertiary veins conspicuously impressed on both surfaces. Inflorescence a dichasial
cyme, axillary, shorter than or equaling adjacent leaves, minutely papillate-tomentulose,
peduncle 5.5-7.5 cm, pedicels 1.1-1.4 cm long, floral bracts 4-8 x 1.5-2 mm, linear-ovate.
Sepals 10-15 x 3-4 mm, free, narrowly elliptic, not reflexed, densely papillate-
tomentulose, foliaceous, drying with a more or less uniform color, the veins not impressed.
Corolla yellow, glabrous outside, tube 11-14 x 4-4.5 mm, lobes 9-12 x 7-8 mm,
obliquely obovate, free corona lobes 3-3.5 mm long, the apices barely exserted, their height
equaling or slightly surpassing that of the anther apices, annular corona entire. Anthers 5-6
mm, the apices barely exserted. Ovary 1.5-1.9 mm tall, nectary 1.9-2 mm, surpassing the
ovary, variously 5-lobed. Follicles 12-15 x 1-1.2 cm, divaricate, free, the tips divergent,

puberulent; seeds 15-18 mm, coma 2.9-4 cm, tannish.
Distribution:—Colombia, Peru, Venezuela, and Brazil. Amazon, below 200 m.

Taxonomic notes:—Prestonia megagros is a distinctive species characterized by its
densely to moderately papillate-puberulent leaf blades, dichasial inflorescence, free corona

lobes with apices barely exserted, and divaricate follicles.

The original plate published by Vellozo (1827) is selected as the lectotype of

Echites megagros.

Representative specimens examined:—COLOMBIA. Amazonas: Leticia, estacion
bioldgica El Zafire, October 2006, Alvarez et al. 3829 (JAUM).
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FIGURE 8. Distribution of P. mexicana, P. mucronata, P. papillosa, and P. parviflora
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Prestonia mexicana Candolle (1844: 429). Mitozus mexicanus (Candolle) Miers (1878:
225). Type:—MEXICO. Oaxaca: San Bartolo, August 1834, G. Andrieux 251 (holotype G-
DC!, isotypes, K!) Fig. 8.

Stem variously pubescent. Petioles 0.8-2 cm; leaf blade 10-22 x 7-13.5 cm,
elliptic to obovate-elliptic, apex acute or acuminate, base obtuse or rounded,
membranaceous, puberulent adaxially, tomentose or tomentulose abaxially, tertiary veins
impressed on both surfaces. Inflorescence a dichasial cyme (but resembling an umbel),
axillary, usually shorter than the adjacent leaves, moderately tomentose or tomentulose,
peduncle 1.3-3.4 cm, pedicels 0.9-2.8 cm long, floral bracts 5-10 x 3.5-4.5 mm, elliptic to
narrowly ovate. Sepals 16-28 x 5-10 mm, free, ovate, not reflexed, tomentose or
tomentulose, foliaceous to subfoliaceous, drying with a more or less uniform color. Corolla
cream to yellowish green, tomentose or tomentulose outside, tube 25-34 x 4-5 mm, lobes
12-15 x 9-10 mm, obliquely obovate, free corona lobes absent, annular corona entire to -
lobed. Anthers 6-6.9 mm, included or the apices exserted. Ovary 1-1.5 mm tall, nectary
1.5-2.7 mm, surpassing the ovary, entire, 5-lobed or divided into 5 nectaries. Follicles 6.5
10 x 1-2 cm, divaricate, free, the tips divergent, densely hirsute or hirsutulous; seeds 11-14
mm, coma 2.5-3.9 cm, cream.

Distribution:—Mexico to northern Colombia. Pacific, 0-350 m.

Taxonomic notes:—Prestonia mexicana resembles P. tomentosa R. Brown (1811:
70) and P. seemannii Miers (1878: 146), but differs by its corolla tube without free corona
lobes.

Representative specimens examined:—COLOMBIA. Chocd: EI Carmen,
alrededores de Bahia Solano Norte, 7 May 1992, Barbosa 7001 (HUA).
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Prestonia mucronata Rusby (1920: 90). Type:—COLOMBIA. Magdalena: Las Nubes, 18
December 1898, H.H. Smith 1656 (holotype NY!, isotypes G!, K!, MO!, P!, US!, Z!) Fig.
8.

Stem densely ferrugineous-tomentose. Petioles 0.9-1.4 cm; leaf blade 4.3-7.3 x 3—
5 cm, elliptic to broadly ovate, apex acute to short-acuminate, base obtuse,
membranaceous,  ferrugineous-hirsutulous  adaxially, ferrugineous-hirsutulous to
ferrugineous-sericeous abaxially, tertiary veins rather inconspicuous. Inflorescence a
dichasial cyme (but resembling an umbel), axillary to subterminal, shorter than or equaling
adjacent leaves, ferrugineous-tomentulose, peduncle 2-3.2 cm, pedicels 1.1-1.4 cm long,
floral bracts 2-4 x 0.5-1.5 mm, linear-ovate. Sepals 8-11 x 2-3 mm, free, elliptic, not
reflexed, ferrugineous-tomentulose, subfoliaceous, drying with a more or less uniform
color. Corolla yellowish green, ferrugineous-tomentulose outside, tube 9-12 x 3-4 mm,
lobes 9-11 x 5-7 mm, obliquely obovate, free corona lobes ca. 1 mm long, deeply
included, their apices conspicuously below the anther apices, annular corona subentire to
irregularly lobed. Anthers 7-9 mm, included. Ovary 1.5-2 mm tall, nectary ca. 1.5 mm,
shorther than the ovary, divided into 5 nectaries. Follicles 16-20 x 0.4-0.7 cm, free,

usually united at the tips, ferrugineous-tomentose; seeds unknown.

Distribution:—Colombia and Venezuela. Sierra Nevada de Santa Marta, 1900—
2200 m.

Taxonomic notes:—Prestonia mucronata morphological resembles P. parviflora
(Bentham) Bentham (1876: 709), but it is distinguished by its longer anthers and larger

sepals.

Representative specimens examined:—COLOMBIA. Magdalena: San Sebastian
de Rabago, 8 March 1948, Romero-Castarieda 897 (COL).
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Prestonia papillosa (Mduller Argoviensis) J.F. Morales (2004: 161). Haemadictyon
papillosum Miuller Argoviensis (1860b: 432). Type:—COLOMBIA. Antioquia: s.d., J.
Triana 157 (holotype P!) Fig. 8.

Stem papillate-puberulent, glabrescent at maturity. Petioles 0.5-0.7 cm; leaf blade
9.5-16 x 3.9-8.5 cm, elliptic to obovate-elliptic, apex obtuse and abruptly acute, base
obtuse, coriaceous to subcoriaceous, glabrous, tertiary veins conspicuously impressed on
both surfaces. Inflorescence a dichasial cyme, axillary, longer than the adjacent leaves,
minutely puberulent, peduncle 5.5-8.8 cm, pedicels 0.7-2 cm long, floral bracts 1-2 x 0.5
1 mm, linear. Sepals 3.5-4.5 x 1-1.5 mm, free, very narrowly ovate, slightly reflexed or
not reflexed, glabrescent, very small, drying with a more or less uniform color. Corolla
yellowish green to yellowish pink, glabrous to glabrescent outside, tube 6-9 x 2-2.1 mm;
lobes 5-6 x 3-4 mm, ovate, free corona lobes less than 1 mm long, included, their apices
conspicuously below the anther apices, annular corona entire, inconspicuous. Anthers 4.5—
5 mm, the apices conspicuously exserted. Ovary ca. 1.5 mm tall, nectary ca. 2 mm,
surpassing the ovary, composed of 5 lobes. Follicles 15-20 x 0.4-0.5 cm, free, but usually
united at the tips, glabrous; seeds 16-18 mm, coma 2-2.3 cm, cream.

Distribution:—Endemic. Andes, 1000—-2000 m.

Taxonomic notes:—Prestonia papillosa shows an overall resemblance to P.
cayennensis, but it can be differentiated by the papillate-puberulent stems, inflorescence

structure, and smaller corollas.

Representative specimens examined:—COLOMBIA. Antioquia: Jardin, carretera
Jardin-Rio Sucio, 7 km de Jardin, 7 June 1987, Callejas et al. 3750 (HUA, MO, NY, USF).
Chocd: San José del Palmar, vereda San Antonio, finca San Vicente, 20 April 1998, Lépez
et al. 1802 (HUA). Risaralda: Mistrato, 17 March 1991, Galeano et al. 2481 (COL).
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Prestonia parviflora (Bentham) Bentham (1876: 709). Haemadictyon parviflorum
Bentham (1857: 355). Temnadenia parviflora (Bentham) Miers (1878: 215). Type:—
COLOMBIA. Cundinamarca: Pandi, s.d., K. Hartweg 1053 (holotype K!, isotype CGE!)
Fig. 8.

Stem minutely ferrugineous-tomentulose to sparsely puberulent. Petioles 1.5-2.8
cm; leaf blade 9-21 x 3.8-10.5 cm, elliptic to broadly elliptic, apex short-acuminate, base
obtuse, membranaceous, sparsely puberulent adaxially, tomentulose abaxially, tertiary
veins rather obscure. Inflorescence a dichasial cyme, terminal or subterminal, rarely
axillary, shorter than the adjacent leaves, ferrugineous-tomentulose, peduncle 1.4-2.4 cm,
pedicels 0.5-0.7 cm long, floral bracts 1-3 x 0.5-1 mm, linear. Sepals 2.5-4 x 1-1.5 mm,
free, very narrowly elliptic, not reflexed, tomentulose, small and inconspicuous. Corolla
yellow, ferrugineous-tomentulose outside, tube 46 x 1.5-2.5 mm, lobes 4-7 x 3-4 mm,
obliquely obovate, free corona lobes ca. 1 mm long, deeply included, their apices
conspicuously below the anther apices, annular corona inconspicuous. Anthers 3.5-4 mm,
the apices barely exserted. Ovary 1.4-1.5 mm tall, nectary ca. 1 mm, slightly shorter than
the ovary, irregularly 5-lobed. Follicles 31-35 x 0.4-0.7 cm, united at the tips,

ferrugineous-tomentose; seeds 14-14.5 mm, coma 2-3 cm, tannish cream.
Distribution:—Colombia, Venezuela, Ecuador, and Peru. Andes, 1400-2100 m.

Taxonomic notes:—Prestonia parviflora is distinguished by its tomentulose leaves,
terminal or subterminal inflorescences, sepals 2.5-4 mm, free corona lobes ca. 1 mm long,

and anthers 3.5-4 mm long.

Representative specimens examined:—COLOMBIA. Cundinamarca: Tena, cerca
del Salto de Tequendama, 5 January 1999, Diaz & Gémez 3 (CR). Quindio: Pijas, El
Sinabrio, finca Las Pavas, 14 October 1999, Macias et al. 1334 (HUQ). Santander: Suaita,
Finca Marbella, sector Flandes, 30 March 2004, Fernandez-Alonso et al. 21310 (COL).
Tolima: El Fresno, 7 May 1940, Cuatrecasas 9396 (COL, VALLE, US).
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Prestonia portobellensis (Beurling) Woodson (1931: 553). Echites portobellensis Beurling
(1854: 137). Type:—PANAMA. Colo6n: Portobello, April 1826, J. Billberg s.n. (holotype
S!) Fig. 9.

Stem papillate-puberulent. Petioles 1-2.9 cm; leaf blade 11-31.5 x 7.5-16 cm,
elliptic to obovate, apex obtuse to short-acuminate, base obtuse, coriaceous to
subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves, densely to
sparsely puberulent, peduncle 3.5-5.8 cm, pedicels 0.9-2.2 cm long, floral bracts 1-3 x
0.9-1.3 mm, linear. Sepals 11-18 x 4-7 mm, free, rarely connate at the base for 1/6 of their
length and forming an inconspicuous campanulate base, narrowly elliptic to narrowly
ovate, not reflexed, glabrous, foliaceous to subfoliaceous, drying with a more or less
uniform color. Corolla yellowish green, with the lobes with red and purple stripes,
glabrous outside, tube 14-18 x 6-7 mm, lobes 10-16 x 10-13 mm, obliquely obovate, free
corona lobes 4-5 mm long, the apices exserted, their height surpassing that of the anther
apices, annular corona entire to scarcely 5-lobed. Anthers 5-6 mm, the apices barely
exserted. Ovary ca. 2 mm tall, nectary ca. 2 mm, surpassing and completely covering the
ovary, entire to slightly 5-lobed. Follicles 33-61 x 0.6-0.8 cm, free, but usually united at
the tips (at least when young), papillate to glabrescent; seeds 11-18 mm, coma 2.6-3 c¢cm,

tan.

Distribution:—Mexico to Venezuela and Ecuador. Pacific, Magdalena Valley, 0—
650 m.

Taxonomic notes:—This species resembles P. annularis and P. longifolia; this trio
Is characterized by glabrous leaves, similar inflorescence structure, scarious floral bracts,
conspicuous annular corona, and slender follicles. Prestonia portobellensis differs by its
corona lobes apices conspicuously surpassing the anther apices (vs. corona lobes apices

equaling or conspicuously surpassed by the anthers apices).

Representative specimens examined:—COLOMBIA. Antioquia: Turbo, cerca a
Tapon del Darién, sector Rio Ledn-Lomas Aisladas, km 37, 27 February 1984, Brand 940
(COL, HUA, JAUM, MO). Chocé: Parque Nacional Los Katios, 16 July 1979, Barbosa
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1043 (MO, USF); Bahia Solano, corregimiento El Valle, carretera El Valle-Almejal, 15
April 1989, Espina et al. 2462 (CHOCO, CR, HUA). Magdalena: camino a San Pedro de la
Sierra, Quebrada Botella, 29 September 1972, Kirkbride 2269 (COL, NY). Narifio: Monte
Alto, S de Tumaco, 16 October 1955, Romero-Castafieda 5390 (COL). Putumayo: Rio
Putumayo, puerto Porvenir, 22 November 1940, Cuatrecasas 10762 (COL, US). Quindié:
Circasia, vereda Barcelona Alta, 23 March 1991, Agudelo et al. 1056 (HUQ). Valle del
Cauca: Rio Nayo, debajo de Puerto Merizalde, 1 March 1943, Cuatrecasas 14323
(VALLE).
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FIGURE 9. Distribution of P. portobellensis
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Prestonia quinquangularis (Jacquin) Sprengel (1825: 637). Echites quinquangularis
Jacquin (1760: 13). Temnadenia quinquangularis (Jacquin) Miers (1878: 212). Type:—
COLOMBIA. Atlantico: Cartagena, Cerro La Popa, without data, Jacq., Select. Stirp.
Amer. Hist. t. 25. 1763. (lectotype designated by Morales (2004)) Fig. 10.

Stem glabrous to glabrescent. Petioles 0.5-1.9 cm; leaf blade 6-10.5 x 2-5 cm,
elliptic to broadly ovate, apex acute, short-acuminate or obtuse, base obtuse to rounded,
membranaceous to firmly membranaceous, glabrous, rarely minutely puberulent abaxially,
tertiary veins slightly impressed on both surfaces, sometimes inconspicuous. Inflorescence
a monochasial cyme, axillary, longer than the adjacent leaves, glabrous to glabrescent,
peduncle 3-11 cm, pedicels 0.6-1.1 cm long, floral bracts 1-2 x 0.5-1 mm, scarious,
linear. Sepals 1-3 x 1-1.5 mm, free, very narrowly ovate, normally reflexed, glabrous,
very small, drying with a more or less uniform color. Corolla yellowish green to cream,
glabrous outside, tube 15-20 x 3—4.5 mm, lobes 10-13 x 6-9 mm, obliquely obovate, free
corona lobes 1-1.5 mm long, included, their apices conspicuously below the anther apices,
annular corona entire. Anthers 4-5 mm, the apices slightly exserted. Ovary ca. 1.5 mm
tall, nectary ca. 1.5 mm, equalling the ovary, deeply and irregularly 5-lobed. Follicles 25.5—
38 x 0.3-0.5 cm, usually connate longitudinally (rarely free and united only at the tips),

glabrous; seeds 8-12 mm, coma 2-3.4 cm, cream to white.

Distribution:—Widespread. Nicaragua and the Antilles to northern Argentina.
Pacific, Magdalena Valley, Cauca Valley, Caribbean plains, Andes, Orinoquia, Guyana and

Sierra de la Macarena, and Amazon, 0-1000 m

Taxonomic notes:—Prestonia quinquangularis is distinguished by its unbranched

inflorescence, reflexed sepal apices, and free corona lobes deeply included within the tube.

Representative specimens examined:—COLOMBIA. Amazonas: Puerto
Santander, Monochoa-Ciudad Perdida-Araracuara, 26 March 1994, Cardenas et al. 4511
(COAH, MO). Antioquia: San Luis, Quebrada La Cristalina, 1 September 1994, Acevedo-
Rodriguez & Callejas 6765 (MO, NY, US). Arauca: Arauca, Cafio Limon, 16 Octuber
1997, Betancur & Uribe 7534 (COL). Atlantico: Santa Rosa, finca La Peluza, 3 February
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2000, Lopez 4973 (HUA). Chocd: Riosucio, Parque Nacional Natural Los Katios, camino a
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FIGURE 10. Distribution of P. quinquangularis

los saltos El Tendal y La Tigra, 28 March 1999, Fonnegra et al. 6883 (COL, HUA, MO).
Cordoba: Ayapel, Monte Libano, 21 May 1949, Romero-Castafieda 1715 (COL, CR,
MEDEL, MO). Guajira: Maicao, Tabaco, 17 May 1981, Arboleda et al. 597 (HUA); entre
Cuestecita y Carraipia, margenes de Rio Cesar, 30 November 1959, Cuatrecasas et al.
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25516 (COL, US). Guaviare: EI Retorno, camino de Cerritos a Cerro Piedra Gorda, 19
Octuber 1995, Cardenas et al. 6700 (COAH). Magdalena: Rio Cesar y Rio Azucarbuena,
El Callao, 29 Octuber 1959, Cuatrecasas et al. 24923 (COL, US); Puerto Ocafia,
September 1852, Holton s.n. (NY). Meta: O de Puerto Gaitan, camino a Puerto Lopez, Rio
Yucao, 31 December 1973, Davidse & Llanos 5442 (COL, MO). Norte de Santander: entre
Chinacota y La Esmeralda, 19 May 1927, Killip & Smith 20923 (NY, US). Quindio:
Montenegro, vereda El Gigante, Hacienda Santa Cecilia, Rio Banvieja, 24 September 1985,
Arbelaez et al. 1075 (HUA, HUQ). Risaralda: La Virginia, 20 March 1989, Ramos &
Silverstone-Sopkin 1909 (CUVC, MBM, MO). Santander: valle del Rio Surata, entre
Bucaramanga y El Jaboncillo, 2 January 1927, Killip & Smith 16305 (F, NY, US). Tolima:
Ibagué, Melgar, 6 December 2000, Diana & Henry 430 (TOLI). Valle del Cauca: Valle,
Zarzal, Cartago, 16 November 1986, Silverstone-Sopkin et al. 2563 (CR, CUCV, MO).
Vaupés: Rio Vaupés, Raudal Macucu, 14 November 1952, Romero-Castafieda 3488
(COL).

Prestonia rotundifolia K. Schumann ex Woodson (1936: 318). Type:—ECUADOR.
Manabi: El Recreo, August 1893, B. Eggers 15078 (holotype M!, isotypes, NY!, PI, US!)
Fig. 11.

Stem glabrous to glabrescent. Petioles 0.8-2 cm; leaf blade 11-17 x 6.5-10 cm,
obovate, elliptic to broadly ovate, apex acute to obtuse, base obtuse to rounded, coriaceous
to subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves, minutely
puberulent, peduncle 2.1-7.8 cm, pedicels 0.9-1.3 cm long, floral bracts 8-18 x 2.8-4 mm,
elliptic to narrowly ovate, conspicuously foliaceous. Sepals 10-15 x 3-4.5 mm, usually
connate at the base for 1/3 of their length, forming a campanulate cup, rarely completely
free, narrowly ovate to narrowly elliptic, not reflexed, sparsely puberulent to glabrescent,
foliaceous, drying with a more or less uniform color. Corolla cream, glabrescent outside,
tube 13-16 x 3.5-5 mm, lobes 10-13 x 6-8 mm, obliquely obovate, free corona lobes 2—-3
mm long, the apices slightly exserted, their height equaling or slightly surpassing that of the

anther apices, annular corona entire. Anthers 4.5-5 mm, the apices barely exserted. Ovary
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FIGURE 11. Distribution of P. rotundifolia, P seemannii, and P. tomentosa

1.5-2 mm tall, nectary 1.5-2.1 mm, equaling or scarcely surpassing the ovary, divided into
5 nectaries. Follicles 21-35 x 0.4-0.8 cm, free, but united at the tips, glabrescent; seeds 14—
16 mm, coma 2.5-3.5 cm, tannish cream.
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Distribution:—Colombia, Ecuador, and Peru. Pacific, Magdalena Valley, Amazon,
0-700 m.
Taxonomic notes:—Prestonia rotundifolia resembles P. trifida and P. antioquiana,

but is differentiated by its foliaceous floral bracts.

Representative specimens examined:—COLOMBIA. Amazonas: Leticia,
corregimiento de la Pedrera, Rio Cahuinari, bocas del Rio Pam4, rebalse Medio de Dique
Natural, 26 November 1990, Fundacion Botanica Pedro Rastrojo 3399 (HUA). Antioquia:
Puerto Berrio, vereda Alicante, 1 km S de finca Penjame, carretera San Juan de Bedout-La
Cabafia, 2 March 1990, Callejas et al. 9285 (HUA, MO, NY, USF). Choc6: Bahia Solano,
Puerto Mutis, 4 January 1973, Gentry & Forero 7161 (COL, MO) Narifio: Barbacoas, entre
Barbacoas y Payan, 4 November 1989, Ramirez 1789 (PSO).

Prestonia seemannii Miers (1878: 146). Type:—PANAMA. Panama: near Panama City,
s.d., B. Seemann 159 (holotipo BM! Fig. 11.

Stem moderately hispid or glabrescent. Petioles 0.5-1 cm; leaf blade 7.6-17.2 x
5.3-10 cm, elliptic to obovate, apex acute or acuminate, base obtuse, membranaceous,
hispid-velutinous adaxially, densely velutinous to velutinous-tomentose abaxially, tertiary
veins impressed on both surfaces. Inflorescence a dichasial cyme (but resembling an
umbel), axillary, shorter than the adjacent leaves, ferrugineous-hispid, peduncle 1.7-2.6
cm, pedicels 0.5-1 cm long, floral bracts 5-8 x 2.5-4 mm, narrowly elliptic to narrowly
ovate-elliptic, subfoliaceous. Sepals 9-11 x 3—4 mm, free, ovate to narrowly elliptic, not
reflexed, hispid-velutinous, foliaceous, drying with a more or less uniform color. Corolla
yellow to cream, hirsute outside, tube 12.5-15 x 3-4 mm, lobes 10-15 x 4-6 mm,
obliquely obovate, free corona lobes 1.5-2.2 mm long, the apices barely exserted or
included, their height equaling or slightly surpassing that of the anther apices, annular
corona entire to subentire. Anthers 5-6 mm, the apices exserted. Ovary ca. 1 mm tall,
nectary 1.5-2 mm, surpassing the ovary, entire to irregularly 3- or 5-lobed. Follicles 10-13
x 8-1.4 cm, divaricate, free, the tips divergent, hispid; seeds 11-14 mm, coma 2.6-3.2 cm,

cream.
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Distribution:—Panama and Colombia. Caribbean plains, below 500 m.
Taxonomic notes:—Prestonia seemannii can be recognized by its sparsely
velutinous to velutinous-tomentose leaf blade, free corona lobe apices exserted, and hispid

follicles.

Representative specimen examined:—COLOMBIA. Magdalena: Santa Marta,
s.d., Purdie s.n. (K).

Prestonia tomentosa R. Brown (1811: 70). Type:—BRAZIL. Rio de Janeiro: Rio de
Janeiro, s.d., J. Banks 684 (holotype BM!) Fig. 11.

Stem densely ferrugineous-tomentose. Petioles 0.5-1.3 cm; leaf blade 8.5-21 x 6—
13.5 cm, elliptic to broadly ovate, apex short-acuminate, base obtuse or rounded,
membranaceous, sparsely puberulent adaxially, densely and uniformly velutinous-
tomentose abaxially, tertiary veins impressed on both surfaces. Inflorescence a dichasial
cyme (but resembling an umbel), axillary, shorter than the adjacent leaves, ferrugineous-
tomentose or ferrugineous-tomentulose, peduncle 0.8-2.5 cm, pedicels 0.5-1.2 cm long,
floral bracts 8-19 x 2-5 mm, elliptic to narrowly ovate-elliptic, foliaceous. Sepals 11-17 x
5.5-7 mm, free, ovate to narrowly obovate, not reflexed, tomentulose to hispid-
tomentulose, foliaceous to subfoliaceous, drying with a more or less uniform color. Corolla
yellow, densely sericeous outside, tube 11-18 x 3.5-5 mm, lobes 9.5-12 x 5-7 mm,
obliquely obovate, free corona lobes 2.5-3.4 mm long, the apices exserted and
conspicuously surpassing the anther apices, annular corona entire. Anthers 5-6 mm, the
apices barely exserted. Ovary ca. 1.5 mm tall, nectary 1.5-2 mm, surpassing the ovary, 5-
lobed. Follicles 5-10 x 1.6-2.2 cm, divaricate, free, the tips divergent, hispid or

hispidulous; seeds 8-10 mm, coma 3-4.2 cm, tannish cream.

Distribution:—Colombia to Bolivia, Paraguay and Brazil. Caribbean plains, Sierra
Nevada de Santa Marta, Sierra de la Macarena, 300—-1000 m.

Taxonomic notes:—Prestonia tomentosa shows an overall resemblance to P.

seemannii and P. mexicana; from the former it differs by its densely velutinous-tomentose
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leaf blades (vs. tomentose or tomentulose), and from P. mexicana by its corolla tube with
conspicuous corona lobes (vs. corona lobes absent). The specimens cited in Bernal et al.
(2015) as P. surinamensis Muller Argoviensis (1860b: 433), actually corresponds to P.

tomentosa. So far, P. surinamensis has not been collected in Colombia.

Representative specimens examined:—COLOMBIA. Antioquia: Caceres, El
Doce, Bajo Cauca, entre Quebradas Puri y Corrales, 26 March 1978, Callejas 509 (COL,
HUA, NY). Bolivar: San Pedro, 29 May 1949, Romero-Castafieda 1770 (COL, IAN,
MEDEL). Cesar: La Jagua de Ibirico, La Victoria de San Isidro, vereda el Zumbador, via
La Jagua-El Zumbador, 17 March 1996, Fernandez-Alonso et al. 13843 (COL). Guajira:
Sierra Nevada de Santa Marta, Rio Cafias, 19 August 1986, Cuadros & Gentry 2948 (K,
MEXU, MO, NY, USF). Meta: El Porvenir, 120 m, May 1978, Eberhard s.n. (USJ).

Prestonia trifida (Poeppig) Woodson (in Gleason & Smith 1933: 392). Haemadictyon
trifidum Poeppig (1845: 67). Type:—PERU. Loreto: Maynas, February 1831, E. Poeppig
2161 (holotype W!, isotypes FI, NY!) Figs. 2, 12.

Stem glabrous. Petioles 1-2 c¢m; leaf blade 11-25 x 6.5-13.5 c¢cm, obovate to
broadly elliptic, apex obtuse, retuse to acuminate, base obtuse to rounded, coriaceous to
subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves, puberulent to
glabrescent, peduncle 4-12 cm, pedicels 0.9-2.2 cm long, floral bracts 1-3 x 0.5-1.5 mm,
linear to linear-ovate. Sepals 11-15 x 3-5 mm, free, narrowly ovate to very narrowly
elliptic, not reflexed, puberulent to glabrescent, foliaceous, drying with a more or less
uniform color. Corolla cream to yellowish green, glabrous, tube 11-18 x 3-4 mm, lobes
8.5-15 x 6-9 mm, obliquely obovate, free corona lobes 2.5-4 mm long, the apices
exserted, their height slightly surpassing that of the anther apices, annular corona entire.
Anthers 5-6 mm, the apices slightly exserted. Ovary ca. 1.5 mm tall, nectary 1-1.5 mm,
equaling the ovary, sometimes divided into 5 lobes. Follicles 24-40 x 0.8-1 cm, connate
longitudinally or free but united at the tips, glabrescent; seeds 18-21 mm, coma 2.5-3.3

cm, tannish cream.
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Distribution:—Costa Rica to Peru and northwestern Brazil. Pacific, Caribbean
plains, and Magdalena Valley, 0-800 m.

Taxonomic notes:—Prestonia trifida resembles P. antioquiana, but is
distinguished by its non-verrucose petioles (vs. conspicuously verrucose) and smooth

follicles (vs. 3-4-winged).

Representative specimens examined:—COLOMBIA. Antioquia: entre Villa
Areteaga y Chigorodd, Lomitas, 1 October 1961, Cuatrecasas & Willard 26110 (COL,
US). Bolivar: San Juan Nepomuceno, Loma de Los Colorados, 2 September 1986, Cuadros
3158 (COL, MO, NY, USF). Chocé: Quibdd, carretera Quibdo-Guayabal, 25 June 1985,
Garcia 108 (CHOCO, COL, MO). Cordoba: Valencia, Alto Sinu, 3 January 1985, Cogollo
2016 (JAUM, MO). Cundinamarca: Puerto Bogota, vereda Acapal, Linea San Carlos-
Purnio, 13 December 1999, Jiménez et al. 416 (JAUM). Santander: Andes, carretera a
Puerto Nuevo y Barranca, después de La Estrella, 1 February 2000, Vélez & Suarez 3674
(JAUM).

Prestonia vana Woodson (1936: 323). Type.—PERU. Loreto: Alto Amazonas,
Balsapuerto, May 1933, G. Klug 3066 (holotype MO!, isotypes F!, G!, US!) Fig. 12.

Stem puberulent to glabrescent. Petioles 1.7-2.3 cm; leaf blade 14-21 x 9.5-15 cm,
elliptic to broadly elliptic, the apex obtuse and shortly acuminate, base obtuse to rounded,
coriaceous to subcoriaceous, glabrous, tertiary veins conspicuously impressed on both
surfaces. Inflorescence a dichasial cyme, axillary, shorter than the adjacent leaves,
minutely puberulent to glabrescent, peduncle 3.2-9.5 cm, pedicels 1.3-2.4 cm long, floral
bracts 3-5 x 1-1.5 mm, linear to linear-ovate. Sepals 10-12 x 3-4.5 mm, free, narrowly
ovate to narrowly elliptic, not reflexed, puberulent to glabrescent, foliaceous, drying with a
more or less uniform color. Corolla yellowish cream, sparsely puberulent outside, tube 15—
16 x 3—4 mm, lobes 9-10 x 67 mm, obliquely obovate, free corona lobes 3.5-4 mm long,
the apices exserted, their height surpassing that of the anther apices, annular corona entire
to variously 5-lobed. Anthers ca. 5 mm, the apices barely exserted. Ovary 1.5-2 mm tall,
nectary 1.7-2.1 mm, equaling or barely surpassing the ovary, 5-lobed. Follicles 8-10 x
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0.8-1.3 cm, divaricate, free, the tips divergent, conspicuously winged longitudinally,

glabrescent; seeds 11-12 mm, coma 1.2—2 cm, tannish cream.

Distribution:—Colombia, Ecuador, and Peru. Amazon, Guyana, and Sierra de la
Macarena, 150—-700 m.

Taxonomic notes:—Prestonia vana can be confused with P. trifida, but is easily

recognized by its puberulent corolla tube, and conspicuously winged follicles.

Representative specimens examined:—COLOMBIA. Amazonas: Rio Caqueta,
frente a Isla Yarumal, 17 May 1997, Sanchez et al. 3065 (COAH). Boyaca: Santa Maria,
vereda Culima, carretera Santa Maria-Mambita, antes del Rio Chivor, 1 April 2006,
Betancur et al. 12181 (COL). Caqueté: Arbolitos, Rio Caguén, 12 April 1953, Romero-
Castafieda 3972 (COL, MO). Casanare: entre Monterrey y Aguazul, 28 October 1997,
Pinto et al. 42 (COL). Meta: Cordillera La Macarena, entre Rio Guejar y Cafio Guayapita,
20 December 1950, Idrobo & Schultes 824 (COL, F, MO, U, US).

Prestonia vaupesana Woodson (in Schultes 1957: 178). Type:—COLOMBIA. Vaupés:
Apaporis river, around Cachivera de Jirijirimo, 16 September 1951, R. Schultes & I.
Cabrera 14039 (holotype MQ!, isotypes COL!, US!) Fig. 12.

Stem glabrous to glabrescent. Petioles 0.5-0.7 cm; leaf blade 7.5-12.5 x 3.2-6 cm,
elliptic to ovate-elliptic, acuminate to short-acuminate, base obtuse to rounded,
subcoriaceous, glabrous, tertiary veins conspicuously impressed on both surfaces.
Inflorescence a monochasial cyme, axillary, shorter than or equaling adjacent leaves,
glabrous, peduncle 7.5-15 cm, pedicels 1.4-1.6 cm long, floral bracts 1-2 x 0.5-1 mm,
linear. Sepals 6.5-8 x 1-1.8 mm, free, narrowly elliptic, not reflexed, glabrous, scarious,
drying with a more or less uniform color. Corolla yellowish green, glabrous outside, tube
14-16 x 2.5-3 mm, lobes 9-10 x 67 cm, obliquely obovate, free corona lobes 1-1.5 mm,
barely included, their height conspicuously surpassed by that of the anther apices, annular
corona entire. Anthers 5.3-5.5 mm, the apices barely exserted. Ovary ca. 1.5 mm tall,

nectary 1.2-1.4 mm, equaling or barely shorter than the ovary, deeply 5-lobe. Follicles 29—

67



Pub. 1: Prestonia in Colombia

32 x 0.2-0.3 cm, free, but usually united at the tips, glabrous; seeds 17-19 mm, minutely

and densely papillate, coma 3.5-5 cm, cream.
Distribution:—Colombia, Venezuela, and northern Brazil. Amazon, 150-400 m.

Taxonomic notes:—Prestonia vaupesana is vegetatively similar to P. cayennensis,
sharing several morphological features such as glabrous leaves, inflorescence structure, and
scarious bracts, but can be distinguished by its sepals 6.5-8 mm long and free corona lobes

included within the tube.

Representative specimens examined:—COLOMBIA. Amazonas: La Victoria, Rio
Apaporis, sector cueva de Guacamaya, 18 March 2009, Cardenas et al. 22007 (COAH).
Vaupés: Mitl, aguas arriba del Rio Vaupes, 12 November 2009, Céardenas & Aguirre
24552 (COAH).

Excluded species

Prestonia surinamensis Muller Argoviensis (1860b: 433) has been reported for Colombia
(Morales et al. 2011, Morales & Morillo, 2015), but that was a misidentification of P.

tomentosa.
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Abstract

Echiteae (Apocynaceae) comprises about 200 species divided among 19 genera, 16 of
which are restricted to the Neotropics, the other three to the Paleotropics. There are two
large genera, Prestonia and Parsonsia in the Neotropics and Paleotropics, respectively,
whereas three-fourths of the genera contain only 1-4 species. In this study DNA of 82
species was extracted and amplified for four molecular markers: three plastid (trnL intron
and trnL-trnF intergenic spacer, rpl16 intron, matK and 3’/ 5’ trnK intron) and the nuclear
ribosomal region ITS. The ingroup comprised 70 species from 17 genera in the tribe, and
included representatives of all subtribes; the outgroup included five species each from the
two putatively most closely related tribes, Odontadenieae and Mesechiteae, as well as two
rooting species. Phylogenetic analyses were conducted using Bayesian inference and
maximum likelihood approaches. Echiteae and four of its subtribes (Echitinae,
Parsonsiinae, Peltastinae and Prestoniinae) as currently circumscribed were shown to be
non-monophyletic. The fifth subtribe, Pentalinoninae, though monophyletic, does not
belong to Echiteae; it was resolved as sister to a clade of Odontadenieae, where it fits
better, since in both the characteristic secondary compounds are cardenolides. Prestonia
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and Temnadenia were resolved as polyphyletic, with P. riedelii grouped with Rhodocalyx
and T. ornata nested within Prestonia. Fernaldia is nested within Echites and Peltastes is
nested in Macropharynx. Fourteen genera are maintained. The new subtribe Laubertinae is
proposed, as are the combinations resulting from the merging of Fernaldia and Peltastes
and the transfer of P. riedelii and T. ornata to Rhodocalyx and Prestonia, respectively. In
the ancestors of Echiteae, we hypothesize that an evolutionary shift took place in which
steroidal alkaloids and/or cardenolides, characteristic for apocynoids, were replaced by

parsonsine type pyrrolizidine alkaloids as the predominant defense compounds.

Keywords apocynoids; molecular phylogeny; Parsonsia; Prestonia; pyrrolizidine
alkaloids; systematics

Supplementary material

INTRODUCTION

Apocynaceae is one of the ten largest plant families (Rapini, 2012), with about 366
genera and 3700 species distributed throughout the tropics, subtropics, and temperate
regions (Endress & al., 2014; Morales & Liede-Schumann, 2016). The family is well
known to be rich in toxic bioactive secondary metabolites. Probably the best known are the
complex indole alkaloids, found in several tribes of the rauvolfioids, which have diversified
into a vast array of types (Bisset, 1958, 1961; Hegnauer, 1989; Kisakiirek & al., 1983), and
are widely used in traditional medicine around the world (Schultes, 1979; van Beck & al.,
1984; Bisset, 1989; Hutchings, 1989; Wong & al., 2013). In the rest of the family, in
contrast, indole alkaloids are absent, having been replaced mainly by steroidal alkaloids and
cardenolides (Hegnauer, 1970; Endress & al., 1990, Endress & Bruyns, 2000). A much
rarer type of secondary compound are the pyrrolizidine alkaloids (PAs), which have
evolved independently in twelve angiosperm families (Burzynski & al., 2015). More than
95% of all PA-containing species are found in four families: Asteraceae, Boraginaceae,
Fabaceae and Orchidaceae (Ober & Hartmann, 2000). In Apocynaceae, PAs are known
only from apocynoids, where they have been indicated in eleven genera from four tribes:

Nerieae (one genus), Malouetieae (one genus), Apocyneae (two genera) and Echiteae
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(seven genera) (Brown, 1987; Hernandez-Baz & al., 2013; Burzynski & al., 2015). In all
but two genera, they are in the form of 1,2-dehydropyrrolizidine alkaloids (dehydroPAs in
the terminology of Colegate & al., 2016).

Toxic secondary metabolites in plants have arisen as a means of phytochemical
protection for the plant against herbivores (e.g., Reimann & al., 2004). However, certain
groups of insects have a close association with poisonous plants, and in an evolutionary
arms race have become adapted to the toxins, allowing insects to sequester and utilize them
to their own advantage against predators (e.g., Orr & al., 1996; Trigo, 2000; Nishida, 2002;
Despres & al., 2007). A well known example is that of the iconic monarch butterfly,
Danaus plexippus L. (Nyphalidae-Danainae), the larvae of which feed on various species of
Asclepias L. (Asclepiadoideae-Asclepiadeae) and sequester cardenolides, which causes the
adults to be unpalatable (Malcolm & Brower, 1989). Similarly, insects adapted to PAS
belong to such diverse groups as beetles, grasshoppers and butterflies and moths. In
Apocynaceae PA-containing plants have evolved complex associations with two groups of
Lepidoptera: danaid butterflies and arctiid moths (Brown, 1984; Edgar, 1984; Nishida,
2002; Bowers, 2009).

PA-containing plants also figure prominently as contaminants causing disease in
both grazing animals and humans (Edgar & al., 2015). In non-adapted vertebrates, PAs are
slow-acting toxins that over time can lead to debilitating chronic medical conditions. In
tropical countries, where Apocynaceae often figure prominently in traditional medicine,
human ingestion most likely occurs when a PA-containing plant is used in herbal
medicines, as reported by Colegate & al. (2016) for Alafia Thouars and Amphineurion (A.
DC.) Pichon, two PA-containing apocynoids that are used to treat a wide range of ailments.

Since the reamalgamation of Apocynaceae and Asclepiadaceae by Endress &
Bruyns (2000), two subsequent updates with several changes and improvements to the
original classification have been made (Endress & al., 2007b, 2014). However, intertribal
relationships and composition of several tribes and subtribes are still uncertain. Endress &
Bruyns (2000) proposed five subfamilies (Rauvolfioideae, Apocynoideae, Periplocoideae,
Secamonoideae, and Asclepiadaceae), of which Apocynoideae and Rauvolfioideae remain

paraphyletic. In order to avoid the stigmatism of non-monophyly, Simbes & al. (2016)
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proposed treating the two subfamilies informally as the apocynoid and rauvolfioid grade,
respectively. In this paper we refer to them simply as apocynoids and rauvolfioids.

Bentham (1876) was the first to propose the tribe “Echitideac”, which, however,
corresponded to the whole of the apocynoids. He recognized five subtribes: Parsonsieae,
Nerieae, Ecdysanthereae, Ichnocarpeae, and Euechitideae. Schumann (1895) followed
almost the same classification, but named the group “Echitoideae-Echitideae”. During that
time and in subsequent decades, the taxonomy of neotropical genera, in particular, was
confused, in large part due to the work of Miers (1878). Woodson (e.g., 1933, 1935, 1936)
clarified the prevailing confusion in the Echitoideae (= apocynoids), publishing
monographs for almost all neotropical genera and proposing many synonyms. However, his
work focused mainly on taxonomy at the species level, and only superficially addressed
intergeneric classification. Pichon (1950a) proposed an expanded Echitoideae, dividing it
into four tribes (Ecdysanthereae, Ichnocarpeae, Nerieae, Parsonsieae). His circumscription,
however, was paraphyletic (e.g., Livshultz & al., 2007; Endress & al., 2014), with genera
included in other tribes of the current apocynoids (e.g., Apocyneae, Malouetieae). The
classification of Leeuwenberg (1994) followed that of Pichon very closely in some parts,
except that genera that had since been put into synonymy were absent and newly described
genera were added. Furthermore, Leeuwenberg (1994) applied the priority rule to
suprageneric ranks, thereby changing a number of names. Thus Echitoideae became
Apocynoideae. In Apocynoideae Leeuwenberg accepted three tribes: Echiteae, Wrightieae,
and Apocyneae. Echiteae was further divided into three subtribes: Echitinae (which was
very similar in composition to Pichon's Parsonsieae (Pichon, 1950a), but excluding
subtribes Parsonsiinae and Pachypodiinae), Parsoniinae (which corresponded for the most
part with Pichon's Parsonsieae-Parsonsiinae and Nerieae-Amphineuriinae) and
Pachypodiinae (which in both Pichon's and Leewenberg's classifications included only
Pachypodium Lindl.). Thus in the 1990's, several classification proposals for the Echiteae
were available (Table 1), but genera were delimited only by morphological characters,
some of which are almost impossible to determine accurately (i.e., Pichon's "retinacle"
(Pichon, 1948)), but none were supported by molecular data. In the classification by

Endress & Bruyns (2000) Apocynoideae was divided into five tribes: Wrightieae,
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Malouetieae, Apocyneae, Mesechiteae, and Echiteae, without any further divisions into

subtribes; Echiteae included 22 genera (Table 1).

Table 1. Genera of Echiteae their tribal and subtribal position in five major classifications

Pichon Leeuwenberg Endress Endress Endress & al. (2014)
(1950a) (1994) Bryuns (2000) (2007)
Angadenia Miers Parsonsieae , Urechitinae Echiteae, Echiteae Echiteae Echiteae,
Echitinae Pentalinoninae
Artia Guillaumin Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Parsonsiinae Parsoniinae Parsonsiinae
Asketanthera Woodson Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae, Peltastinae
Prestoniinae Echitinae
Bahiella J. F. Morales - - - Echiteae Echiteae, Echitinae
Echites P. Browne Parsonsieae , Echiteae, Echiteae Echiteae Echiteae, Echitinae
Chonemorphinae Echitinae
Ecua Middleton - - Echiteae Echiteae Echiteae,
Parsonsiinae
Fernaldia Woodson Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae, Echitinae
Prestoniinae Echitinae
Hylaea J.F. Morales - - Echiteae Echiteae Echiteae,
Prestoninae
Laubertia A. DC. Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Prestoniinae Echitinae Prestoninae
Macropharynx Rusby Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae, Peltastinae
Prestoniinae Echitinae
Parsonsia R. Br. Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Parsonsiinae Parsoniinae Parsonsiinae
Peltastes Woodson Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae, Peltastinae
Peltastinae Echitinae
Pentalinon Voigt Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Urechitinae Echitinae Pentalinoninae
Prestonia R. Br. Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Prestoniinae Echitinae Prestoninae
Rhodocalyx Mull. Arg. Parsonsieae ,  Echiteae, Echiteae Echiteae,
Prestoniinae Echitinae Prestoninae
Salpinctes Woodson Echiteae, Echiteae Echiteae Echiteae,
Echitinae Pentalinoninae
Temnadenia Miers Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae, Peltastinae
Prestoniinae Echitinae
Thenardia Kunth Parsonsieae ,  Echiteae, Echiteae Echiteae Echiteae,
Parsonsiinae Parsoniinae Parsonsiinae
Thoreauea J.K. Williams - - - Echiteae Echiteae,

Parsonsiinae

Blank space = not recognized or studied by author; — = not described at the time of the study.

One of the earliest molecular-based studies to include genera of Echiteae sensu
Endress & Bruyns (2000) was the family-wide analysis of Potgieter & Albert (2001) based

on trnL intron and trnL-F spacer sequences. This phylogeny included five representatives
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of Echiteae, which formed a well-supported, but unresolved clade. A year later Sennblad &
Bremer (2002) published a broadscale study of the family based on rbcL, which included
three genera of Echiteae grouped in a weakly supported polytomy together with all
included species of Periplocoideae.

The first phylogenetic study to include a more extensive sampling of Echiteae,
which were evaluated in a broad context, was the molecular-based analysis of apocynoids
and the APSA clade (comprising apocynoids, Periplocoideae, Secamonoideae and
Asclepiadoideae) by Livshultz & al. (2007), which was based on four plastid regions (trnL
intron and trnL-trnF spacer, rps16 intron, rpl1l6 intron and matK and 3' trnK intron) and
included at least one species each of 17 of the 22 genera included in Echiteae by Endress &
Bruyns (2000). Missing were Asketanthera Woodson, Ecua Middleton, Hylaea J.F.
Morales, Macropharynx Rusby and Thenardia Kunth. Three additional genera were
included to determine whether they deserved generic recognition: Allotoonia J.F. Morales
& J.K. Williams, Rhodocalyx Mull. Arg. and Salpinctes Woodson. The first had been
described to accommodate a group of species previously treated in Echites P. Brown
(Morales & Williams, 2004), whereas Rhodocalyx had been reduced to the synonymy of
Prestonia R. Br. by Morales (1999a). Finally, the rare, monotypic Salpinctes had been
reduced to the synonymy of Mandevilla Lindl. by Morales (1998).

The phylogenetic study by Livshultz & al. (2007) showed that Echiteae sensu
Endress & Bruyns (2000) was paraphyletic, with the members distributed in several clades,
some of them quite disparate. Most of the species were grouped in the New World clade,
with the exception of the three included species of Rhabdadenia Mull. Arg., which formed
a strongly supported clade sister to the New World clade, but this without support. The
New World clade was split into two main clades. One was optimally supported and
represented the core Echiteae; the other was not supported and consisted of three clades, all
without support. Overall, this study suggested that some of the taxonomic proposals of
Endress & Bruyns (2000) should be studied further and additional molecular data would be
necessary to properly define the limits of some tribes (e.g., Echiteae), since larger
samplings have been shown to improve phylogenetic resolution (e.g., Graybeal, 1998;
Rannala & al., 1998). The most important results for Echiteae were the implied exclusion

of five genera (Amalocalyx Pierre, Cycladenia Benth., Neobracea Britton, Pottsia Hook. &
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Arn. and Stipecoma Mull. Arg.), recognition of Rhodocalyx and Salpinctes, and the
reduction of Allotoonia into the synonymy of Echites. Furthermore, there were implications
that Prestonia as currently delimited is most likely not monophyletic, and that Fernaldia
Woodson could be part of Echites. However, given the need for a more comprehensive
sampling, no further changes were proposed at the time.

Based primarily on the results of Livshultz & al. (2007), the classification by
Endress & al. (2007) recognized three new tribes in their Apocynoideae: Nerieae,
Odontadenieae and Baisseeae, bringing the total number of tribes in the subfamily to eight.
In addition, five genera were excluded from the Echiteae and transferred to other tribes.
Furthermore, Rhodocalyx was again recognized as a valid genus, and the recently described
genera Thoreauea J.K. Williams (Williams, 2002) and Bahiella J.F. Morales (Morales,
2006a) were added. Echiteae was thus reduced to a group of 20 genera, of which at least
one (Prestonia) was implied to be paraphyletic.

Although great strides have been made in clarifying relationships within the
apocynoids, the great majority of molecular studies to date have been based on plastid
sequences alone. Two molecular analyses have been published using phytochrome A:
Livshultz & al. (2010) and Middleton & Livshultz (2012), both of which combined
sequences of phytochrome A with those from the same four plastid regions as in Livshultz
& al., 2007. Only the first, which attempted to pinpoint the position of the milkweeds
(Secamonoideae + Asclepiadoideae) in the APSA clade, and which included ten genera of
Echiteae, mainly to orient the phylogeny, is pertinent to our study. The included species of
Echiteae formed an unsupported clade, comprised of two maximally supported clades: one
comprising Pentalinon Voigt and Angadenia Miers, and the other the remaining eight
genera of the core Echiteae. The results supported those of Livshultz & al. (2007); but, the
small number of Echiteae included precluded any further elucidation within the tribe. Since
then, no phylogenetic studies involving Echiteae have been published.

Endress & al. (2014) published the most recent classification proposal for
Apocynaceae. In it Apocynoideae were divided into nine tribes, four of which (Nerieae,
Malouetieae, Echiteae, Apocyneae) were further divided into subtribes. The composition of
Echiteae was the same as in Endress & al., 2007, except that Rhabdadenia was included in

a tribe of its own. The remaining 19 genera were divided into five subtribes (Table 1).
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In this paper we present the first molecular phylogeny focusing on Echiteae based
on sequence data from the internal transcribed spacer (ITS) from the nuclear ribosomal
DNA (nrDNA) and three plastid DNA (cpDNA) regions (trnL intron and trnL-trnF
intergenic spacer, rpl16 intron, matK and 3’/ 5’ trnK intron). The main objectives of the
study are: (1) to test the monophyly of the tribe Echiteae and its subtribes sensu Endress &
al. (2014), (2) to assess the monophyly of its genera as currently delimited, (3) to provide a
more accurate hypothesis of the relationships among its genera, (4) to provide taxonomic
and nomenclatural changes as needed, and (5) to compare reports of PAs to our phylogeny

to determine if there is a meaningful pattern in their distribution.

MATERIALS AND METHODS

Taxon sampling. — Seventy species, including representatives of 17 of the 19
genera and from the five subtribes currently recognized in Echiteae by Endress & al. (2014)
were defined as the ingroup. Five genera (Asketanthera, Hylaea, Macropharynx, Thenardia
and Thoreauea) were included in a molecular analysis here for the first time. The two
missing genera are Ecua and Babhiella. The first is monospecific and endemic to eastern
Indonesia. It is known from only two older collections (Middleton, 1996), and although we
tried several times to extract DNA from one of the herbarium specimens, we were never
able to get a positive PCR reaction. Bahiella comprises two species and is endemic to
northeastern Brazil (Morales, 2006a). As in Ecua, due to its rarity, we had to resort to
extracting DNA from herbarium material. Only partial sequences were obtained for the
cpDNA regions, and ITS sequences were incomplete and with many gaps, which led to
incongruence among the datasets. Therefore, we chose to exclude these two genera from
the study. The number of included species compared to the total number of species
currently recognized in each genus is as follows: Angadenia (2/3), Artia Guillaumin (2/4),
Asketanthera (2/4), Echites (9/10), Fernaldia (3/3), Hylaea (1/2), Laubertia A. DC.(3/4),
Macropharynx (4/5), Parsonsia R. Br. (8/ca. 82), Peltastes Woodson (8/10), Pentalinon
(2/2), Prestonia (16/ca. 58), Rhodocalyx (1/1), Salpinctes (1/1), Temnadenia Miers (3/4),
Thenardia Kunth (3/3) and Thoreauea (2/3) (Table 2). Ten species of seven genera from

two different tribes were selected as the outgroup, based on the results of previous analyses
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(Livshultz & al., 2007, 2010): Odontadenia Benth., Pinochia B.F. Hansen & M.E. Endress,
Secondatia A. DC., and Thyrsanthella (Baill.) Pichon (Odontadenieae), and Allomarkgrafia
Woodson, Elytropus Mull. Arg. and Mandevilla (Mesechiteae). Finally, two species of
Rhabdadenia (Rhabdadenieae) were used to root the tree. Specimens for this study were
collected mainly by the first author; others were provided by colleagues (see
Acknowledgments). Leaf tissue was preserved using silica gel and then refrigerated at -20
°C. In species for which fresh material was not available, DNA was extracted from leaf
fragments from dried herbarium specimens deposited at CR (formerly INB) or Z. For
Hylaea arborescens (Monach.) J.F. Morales, instead of leaf fragments from herbarium
specimens, flower buds were used. We found when using samples from herbarium
specimens that addition of a small amount of alcohol for preservation at the time of
collection or the high heat during drying tended to affect leaves more strongly than buds
and flowers. When it was not possible to get usable DNA out of leaves, it sometimes
worked with flowers and buds. We assume this is because the inflorescence is a more
compact (thicker) mass than the leaves, so that the alcohol/heat was less likely to penetrate
to all buds and flowers. In general, all new sequences for each species were obtained from
the same specimen. However, for several of the sequences available from GenBank a
different specimen was used (mostly to obtain ITS). We were unable to get positive PCR
reactions from Temnadenia stenantha Woodson and T. meyeri C. Ezcurra, although we
made extractions of all available specimens. Taxa sampled, voucher information and

GenBank accession numbers are given in Appendix 1.

DNA extraction, amplification, sequencing and alignment. — Total genomic
DNA was extracted from silica gel-dried leaf material, from herbarium specimens or from
flower buds using the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany), following the
manufacturer’s instructions. In order to improve the extraction of DNA, 5 uL of maturase K
was included in every sample during the lysis process. Additional modifications for
samples from herbarium specimens included incubation for 60 min during lyses (mixing
every 10 min) and incubation for 20 min on ice after adding the AP3 buffer to the lysate

mix.
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Table 2. Genera and species of Echiteae sampled in three phylogenetic studies

Genera Species Livshultz et al. Livshultz2010  This study
2007

2 2
1 1

Angadenia
Artia
Asketanthera
Bahiella

Ecua

Echites
Fernaldia
Hylaea
Laubertia
Macropharynx
Parsonsia
Peltastes
Pentalinon
Prestonia ca. 56
Rhodocalyx
Salpinctes
Temnadenia
Thenardia
Thoreauea
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The three cpDNA regions were sequenced using published primers: trnL intron and
trnL-trnF intergenic spacer (trnL c, trnF f [Taberlet & al., 1991]), rpl16 intron (rpll6 F71,
rpl16 R1516 [Baum & al., 1998]) and matK and 5"/ 3’ trnK intron (matK 503F, 503R, 681F,
trnk 3914F, trnk 2R [Endress & al., 1996]; matK 390F [Bafeel & al., 2011]). The primers
ITS4 (White & al., 1990) and ITS5m (Sang & al., 1995) were used to amplify ITS. The
amplification of the complete sequence of matK and trnK intron was made in two parts,
through the combination of one trnK primer (F or R) with one matK primer (R or F),
respectively.

Amplification of the cpDNA regions was conducted in a volume of 25 puL
containing 2.5 mM MgCl,, 0.2 mM dNTPs, 0.25 uM of each primer (forward and reverse),
10 mM Tris-HCL (pH 8.6 at 25°C), 50 mM KCI, 5 pg/mL BSA, 0.15 U Taqg polymerase,
and 1 pL of unquantified DNA, sometimes diluted up to 10-fold or 100-fold. In samples of
Peltastes and Macropharynx, the DNA was diluted up to 200-fold, because 10-fold or 100-
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fold dilutions yielded negative results. In DNA extracts from herbarium specimens or with
weak PCR products, the concentration of the components was modified as follows: 3 mM
MgCl,, 1 mM dNTPs, 0.5 uM of each primer, 8 ug/mL BSA, and 0.3 U Taq polymerase.
The thermocycler protocol used consisted of 3 min at 94°C (4 min for matK-trnK intron),
followed by 30 cycles of 1 min at 93°C (35 cycles for matK-trnK intron), 1 min at 58°C
(trnL intron and trnL-trnF, rpl 16) or 55°C (matK-trnK intron), 2 min at 72°C, and 7 min at
72°C (matK-trnK intron).

Amplification of ITS was carried out in a volume of 25 uL containing 0.2 mM
dNTPs, 0.18 uM of each primer (forward and reverse), 10mM Tris-HCL, 50 nM KCI, 5 ul
Q-solution, 0.15 U Taq polymerase, and 1 uL of unquantified DNA (undiluted). For weak
PCR products, the concentration was modified as follows: 0.25 mM dNTPs, 0.2 uM of each
primer (forward and reverse), 10 ul Q-solution, and 0.3 U Taq polymerase. The cycling
program included an initial denaturing cycle at 94°C for 3 min, followed by 30 cycles of
94°C for 1 min, 55°C for 1 min, 72°C for 3 min, and a final extension of 72°C for 5 min.

PCR amplifications were performed in a Biometra T-Personal Thermocycler and
PCR products were visualized with electrophoresis on 2% agarose gels. Sequence contigs
were built with Codon Aligner v. 3.7.1 and v. 6.0.2 (CodonCode Corp., Centerville,
Massachusetts, U.S.A.).

Sequences were prealigned in MAFFT v.7 (Katoh, 2013), followed by manual
adjustments in Mesquite v. 2.71 (Maddison & Maddison, 2011). Alignment of the matK
and 57 3" trnK intron, trnL intron and trnL-trnF intergenic spacer was relatively easy and
straightforward, whereas for the rpl16 intron it was more difficult, due the presence of
homopolymers and gaps in several sections. Alignment of ITS proved to be the most
difficult, due to the irregular sequences and gaps in the ITS1 and ITS2 regions. Terminal

regions in the alignment that appeared ambiguous were excluded from the analyses.

Phylogenetic analyses. — Six data matrices were analyzed: (1) trnL intron and
trnL-trnF intergenic spacer; (2) rpl16 intron; (3) matK and 5/ 3’ trnK intron; (4) combined
plastid (matrices 1—3 combined); (5) ITS; (6) combined molecular (matrices 4 and 5
combined). Because simultaneous analysis of combined data has been proposed as the best

approach to phylogenetic inference (Nixon & Carpenter, 1996), we tested the combinability
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of all partitions by searching for incongruence between individual data sets. For this, we
compared the results on a node-to-node basis of all individual data sets with respect to
levels of resolution and bootstrap support, as applied by other authors (e.g., Wiens, 1998;
Sheahan & Chase, 2000; Whitten & al., 2000; Reeves & al., 2001). Serious conflict was
assumed when deviant tree topologies were supported by >70% bootstrap (BS) values and
>95% posterior probabilities (PP). No strongly supported incongruent clades were found
between three individual partitions of the plastid data, and thus they were combined
(combined plastid matrix). Incongruence was also not found between the combined plastid
matrix and ITS matrix, and therefore they were combined in a single matrix (combined
molecular matrix). In all analyses, ITS was divided into 5 partitions. Individual as well as
combined matrices were analyzed using maximum likelihood (ML); for the combined
plastid, ITS and combined molecular matrices Bayesian inference (Bl) was also utilized.
All individual and combined data matrices and generated trees are deposited in TreeBASE
(accession number 19847).

Maximum-likelihood analyses were performed using RAXML version 8.2.8
(Stamatakis, 2006, Stamatakis & al., 2008), as implemented in CIPRES version 3.3 (Miller
& al., 2010). The non-bootstrap analysis and tree search was set to 1000 replicates. The
output tree files in graphic format with the bootstrap values were generated using Figtree
(Rambaut, 2014). Bootstrap support value was interpreted as follows: 50%—74% as weak,
76%-89% as moderate, and > 90% as strongly supported. Bl analyses were conducted
using MrBayes version 3.1.2 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck,
2003), applying separate models to each data partition, with unlinked partitions, and
parameters estimated independently. The optimal model of sequence evolution was selected
using Modeltest v.2.1.1 (Darriba & al., 2012) applying the Bayesian information criterion
(BIC). The analysis was allowed to run for 100 million generations, sampling every 10,000
generations, until an average standard deviation of split frequencies < 0.01 was reached.
Two independent runs starting from different random trees were performed in order to test
convergence of the same result. The first 25% of the trees were considered as burn-in and
discarded from subsequent analyses, before calculating a majority-rule consensus of the
remaining 7500 posterior distribution trees using the sumt function. Burn-in values,

adequate mixing of the MCMC chains, and independent tree sampling were determined
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through inspections of the MCMC samples employing Tracer v.1.5 (Rambaut &
Drummond, 2007a). The 50% majority-rule consensus tree was reconstructed from the post
burn-in trees with Tree Annotator v.1.5.4 (Rambaut & Drummond, 2007b) and edited in
Figtree v.1.4.2. (Rambaut, 2014). Posterior probability values > 0.95 were considered as
strongly supported.

RESULTS

Sequence characteristics and tree statistics are given in Table 3. For all species, the
complete set of partial or complete sequences studied was obtained, with the following
exceptions: ITS was not obtained for Parsonsia flexuosa Baill. and P. lata Markgr. This
was not expected to affect the results of the combined analysis (Wiens, 2003). A total of
408 sequences were used in this study, of which 344 were newly generated; another 64
were obtained from GenBank. Some sequences already available in Genbank were
sequenced again in order to confirm some discrepancies or complete missing sections near
the ends. Taxa sampled, voucher information and GenBank accession numbers are given in
Appendix 1.

The model TVM+g was selected for matK and model GTR + g was selected for
ITS, rpl16 intron, trnL intron and trnL-trnF intergenic spacer and 5/ 3’ trnK intronF. The
main clades resolved in the combined plastid dataset (Fig. 1) were recovered in the nuclear
data set (Fig. 2), but there were three minor incongruences in terminal clades. The first
concerns two species of Parsonsia (P. eucalyptophylla F. Muell. and P. lenticellata C.T.
White). In the cpDNA tree they are resolved as sisters in a weakly supported clade, whereas
the other species in the genus are grouped in an unsupported clade; in the nrDNA tree,
however, P. eucalyptophylla and P. lenticellata are in different clades. We were unable to
obtain the complete set of ITS sequences for Parsonsia, and assume that this is probably
affecting the resolution between the trees. The second concerns Macropharynx and
Peltastes. Although the clade is strongly supported in both the cpDNA and nrDNA trees,
the position of both genera vary within the clade, but with only weak or no support. In the
cpDNA tree three species of Macropharynx are nested in a clade within Peltastes, whereas

the fourth species, M. renteriae, is resolved as sister to the rest of the clade. In the nrDNA
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tree the same three species of Macropharynx are retrieved in a clade that is sister to a clade
in which M. renteriae is sister to all species of Peltastes. The sequences of all the species in
this clade show little variation in all the markers. The last minor incongruence refers to the
clade containing Prestonia coalita (Vell.) Woodson and the clade containing P. exserta (A.
DC.) Standl. In the cpDNA tree both clades are grouped in one highly supported clade, but
in the nrDNA tree, P. exserta is resolved as sister to the clade containing P. coalita, but this
position is only weakly supported. With the exception of these three minor incongruences,
no strongly supported incongruent clades were found between the nrDNA and cpDNA data
matrices; therefore, all partitions were combined in a single matrix (combined molecular).
The ML tree from the combined molecular dataset was congruent with the Bl topology. All
further discussion will be based on the majority rule consensus cladogram resulting from

the Bl analysis of the combined molecular dataset (Fig. 3).

Table 3. Summary statistics of data sets

Locus Number of Total length Variant Parsimony- Cl RI

taxa (bp) characters (n)  informative

characters (n)

trnL intron 82 1055 213 106 (10.04%) 0.670 0.882
and trnL-trnF
intergenic
spacer
rpl16 intron 82 1272 401 232 (18.23%) 0.658 0.879
matK /57 3' 82 2580 651 367 (14.22%) 0.654 0.883
trnK intron
chloroplast 82 4907 1265 705 (14.36%) 0.647 0.876
combined
ITS 80 853 521 454 (53.22%)  0.430 0.751
ITS and 82 5760 1786 1159 (20.12%) 0.511 0.804
chloroplast
combined
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91



Publ. 2: Relationships in Echiteae

Echiteae (sensu Endress & al. (2014)) was shown to be non-monophyletic, since the
clade of the three genera comprising their subtribe Pentalinoninae (Angadenia, Pentalinon
and Salpinctes), although strongly supported (1/100), is nested within the outgroup, in a
clade (1/90) comprising four genera (Odontadenia, Pinochia, Secondatia, Thyrsanthella) of
the tribe Odontadeniae (Endress & al., 2014). The other four subtribes of Echiteae defined
by Endress & al. (2014) — Echitinae, Parsonsiinae, Peltastinae, Prestoniinae — were all
found to be polyphyletic.

Of the seventeen genera included in this study that were recognized in the tribe by
Endress & al. (2014), monophyly could not be assessed for three either because they are
monospecific (Rhodocalyx, Salpinctes) or because we were only able to obtain PCR
products from one species (Hylaea). Of the remaining 14 genera, seven were found to be
monophyletic with high (1/97-100) support (Angadenia, Artia, Asketanthera, Laubertia,
Parsonsia, Thenardia and Thoreauea). Pentalinon was retrieved as monophyletic in the
combined tree but without support. In the cpDNA and nrDNA trees it was resolved as
paraphyletic, with one species in a sister relationship with the two species of Angadenia
and the other as sister to this. The other six genera were resolved as para- or polyphyletic.
Temnadenia IS polyphyletic, with two species as sister to
Macropharynx/Peltastes/Prestonia riedelii (Mull. Arg.) Markgr./Rhodocalyx, and one
strongly supported (1/100) as sister to two species of Prestonia. Peltastes is nested within
Macropharynx in a clade with strong support (1/100), rendering both genera non-
monophyletic. Fernaldia is nested within Echites and resolved as sister to E. turriger
Woodson with strong support (1/100), and, as a consequence, is not monophyletic. Finally,
Prestonia is polyphyletic because one species, Prestonia riedelii, is positioned far removed
from the other species, as sister to the monospecific Rhodocalyx, with strong support
(1/95).

After exclusion of the Pentalinoninae, three major clades are recognized within the
core Echiteae, all strongly supported: the Peltastinae clade (0.95/88), resolved as sister to
the remaining clades (1/100); the Echitinae clade (1/100) and the Parsonsiinae-Prestoniinae

clade (1/100, respectively).
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The Peltastinae clade is divided into two clades: the Laubertia clade (1/100) and the
Peltastes clade (1/100). The first includes three species of Laubertia, which are resolved as
sister of Hylaea (1/100). The second clade includes three of the genera in subtribe
Peltastinae sensu Endress & al. (2014): Macropharynx, Peltastes, and Temnadenia.
Temnadenia is polyphyletic, with two species resolved as sister (1/100) to all other species
in this clade, and one, T. ornata (Hoehne) Woodson, strongly supported (1/100) as sister to
two species of Prestonia, far removed in the Parsonsiinae-Prestoniinae clade. Rhodocalyx
and one species of Prestonia, P. riedelii are positioned in Peltastinae with strong support
(1/95). The Macropharynx-Peltastes group is resolved with high support (1/100).
Macropharynx renteriae A.H. Gentry is resolved as sister to the remaining species of
Macropharynx and Peltastes, whereas the other three included species of Macropharynx
form a strongly supported clade (1/100) that is sister to all included species of Peltastes
(1/80). Thus, neither genus is monophyletic.

Next is the Echitinae clade (1/100), where three clades can be differentiated: the
Thenardia clade (1/100), Asketanthera clade (1/100) and Echites clade (1/93). All genera in
the Echitinae clade are resolved as monophyletic, with the exception of Echites, which
includes Fernaldia. The Thenardia clade includes Thoreauea and Thenardia, both resolved
as monophyletic with strong support (1/100). Next is a strongly supported clade (1/100)
with two species of Asketanthera resolved as sister of Echites. Echites is strongly supported
(1/93). However, the three included species of Fernaldia are nested within it, in a strongly
supported clade (1/100) that is strongly supported (1/100) as sister to E. turriger, rendering
Echites paraphyletic.

The last clade is the Parsonsiinae-Prestoniinae core clade, which contains the bulk
of the species in the tribe, and can be broken down into two clades: the Parsonsiinae clade
(1/100), and Prestoniinae clade (1/100). The Parsonsiinae clade comprises all included
species of Artia and Parsonsia, both resolved as monophyletic with strong support (both
1/100). This clade is resolved as sister (1/100) to the Prestoniinae clade, which includes the
bulk of the included species of Prestonia, together with Temnadenia ornata, which is
maximally supported as sister to Prestonia coalita and P. solanifolia (Mull. Arg.)

Woodson, further underscoring the polyphyly of Prestoniinae.
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DISCUSSION

Nuclear markers, particularly ITS, have been used in phylogenetic studies in
Asclepiadoideae for the past 15 years or longer (Meve & Liede, 2001; Wanntorp & al.,
2006, 2014; Goyder & al., 2007; Surveswaran & al., 2009; Bruyns & al., 2010; Silva & al.,
2012; Liede-Schumann & al., 2016), and phytochrome A has been used in broadscale
studies of the APSA clade to improve resolution of relationships among tribal or subtribal
lineages (Livshultz, 2010). In phylogenetic analyses focused on the traditional
Apocynaceae (apocynoids and rauvolfoids), however, the use of nuclear markers has been
quite limited. The first use of nrDNA in an analysis of non-Asclepiadoid Apocynaceae that
we are aware of was the unpublished doctoral thesis of Kurt Potgieter (1999) on
Aspidosperma Mart. & Zucc. based on ITS. Hendrian & Kondo (20073, b, ¢) used ITS in an
attempt to resolve the controversy as to whether Neisosperma Raf. should be recognized as
a genus distinct from Ochrosia Juss, and Middleton & Livshultz (2012) included
phytochrome A in a study of Old World Apocyneae.

Several phylogenetic studies have shown that ITS is especially useful because it is
relatively easily amplified from herbarium material and is informative at the species level
(Baldwin & al., 1995) as well as in resolving intergeneric relationships (Trovo & al., 2013),
although in some groups it has been problematic because it was incongruent with the
plastid data, mainly due to divergent paralogs, multiple copies, and hybridization (e.g,
Alvarez & Wendel, 2003; Silva & al., 2012; Spalik & al., 2009; Weitmier & al., 2015). In
Apocynaceae, this sort of incongruence has been reported in Malouetieae, subtr.
Pachypodiinae (Burge & al., 2013), as has the presence of incomplete and non-alignable
sequences in Vinceae (Simbes & al., 2016). In Asclepiadeae subtr. Metastelmatinae the
presence of paralogs in ITS has been reported (Rapini & al., 2006), but studies in other
tribes and subtribes of the same subfamily (Asclepiadeae subtr. Cynanchinae and
Ceropegieae, subtr. Stapeliinae) have suggested the absence of paralogs (e.g., Liede &
Kunze, 2002; Meve & Liede, 2002). But, for this study several preliminary PCR tests
conducted with ITS on different samples from the same set of species (Echites

candelarianus J.F. Morales, Parsonsia lenticellata, Peltastes isthmicus Woodson,
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Prestonia portobellensis (Beurl.) Woodson, Thenardia floribunda Kunth), revealed
sequences without overlapping peaks and with no major incongruences between them.

This is the first densely sampled study of Echiteae as circumscribed by Endress &
al., 2014. An overview of the circumscription of Echiteae in five selected classifications
over the past 65 years (Pichon, 1950a; Leeuwenberg, 1994; Endress & Bruyns, 2000,
Endress & al., 2007b, 2014) (Table 1) reveals that in all of them the tribe is paraphyletic.
However, with the exception of the three genera of Pentalinoninae, all genera included by
Endress & al. (2014) are supported as part of Echiteae. Pentalinoninae (comprising
Angadenia, Pentalinon and Salpinctes), though monophyletic, is resolved outside of the
tribe, supporting the earlier results of Livshultz & al. (2007) and Livshultz (2010).

Pentalinoninae clade. — The name of the subtribe was proposed by Pichon
(1950a) (although without a Latin description), who included it within the Echiteae. The
first molecular study to include a genus of Pentalinoninae was that of Potgieter & Albert
(2001), in which one species of Pentalinon was part of a large polytomy comprising the
bulk of the apocynoids. Six years later, in a study based on plastid DNA by Livshultz & al.
(2007), all three genera of Pentalinoninae were included. The subtribe was maximally
supported as part of her "New World clade™ but was positioned outside of Echiteae sensu
Endress & al. (2014), grouping instead in a clade together with three genera included in the
tribe Odontadenieae (Odontadenia, Secondatia and Stipecoma) by Endress & al. (2014),
although as part of an unsupported complex polytomy also involving a clade with
Mesechiteae and a clade comprised of two other genera of Odontadenieae. In a subsequent
study using nuclear DNA but based on a reduced sampling (Livshultz, 2010), the two
included genera of this group (Pentalinon and Angadenia) were strongly supported (100%
BS) as sisters and came out as sister to the core Echiteae, but again without support.

The molecular evidence presented here agrees with the results of the cpDNA-based
phylogeny of Livshultz & al. (2007). In addition to the rooting taxon, Rhabdadenia, we
retrieved two other clades outside of the Echiteae clade: one comprising all included genera
of Mesechiteae (Allomarkgrafia, Elytropus and Mandevilla), but without support, and one
composed of Pentalinoninae together with the included genera of Odontadenieae
(Odontadenia, Secondatia, Thyrsanthella and Pinochia), which is highly supported (1/90).
Pentalinoninae is resolved as sister (1/98) to the clade formed by the two genera,
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Odontadenia and Secondatia (Fig. 3). Thus, in order to achieve a monophyletic Echiteae,
Pentalinoninae must be excluded. Further studies with a larger sampling and including the
remaining genera of Odontadenieae are necessary to determine if Pentalinoninae is nested
therein or if it deserves its own tribal rank.

Pentalinon has traditionally been separated from Angadenia based on the presence
of elongated and spirally intertwined linear apical anther appendages (Woodson, 1933).
Otherwise, floral structure of the two genera is very similar. In Livshultz & al. (2007) and
Livshultz (2010), the two included species of Angadenia formed a strongly supported (99%
BS) clade and were in turn strongly supported as sister (100% BS) to the one included
species of Pentalinon sampled. In the present study, both recognized species of Pentalinon
and two of the three currently accepted species of Angadenia were sampled. In the Bl
analysis of the combined molecular dataset Pentalinon was retrieved in a polytomy with
Angadenia. Although Angadenia is maximally supported as monophyletic and it is nested
within Pentalinon in both the combined cpDNA tree and nrDNA tree, it has a meaningful
feature (elongated and spirally intertwined linear apical anther appendages) to distinguish it
from Pentalinon. Therefore, we keep Angadenia as distinct from Pentalinon.

Salpinctes is a rarely collected and poorly known monospecific genus of small erect
shrubs with thick, coriaceous leaves and solitary flowers. It has a restricted distribution in
dry savanna scrub and swampy tepui meadows in British Guyana and Amazonian Brazil
and Venezuela. Its affinities have been in dispute from the beginning. When Woodson
(1931a) described the genus, he hypothesized that its closest relatives were Echites,
Macropharynx and Stipecoma, the last included in Odontadenieae in Endress & al. (2014).
Five years later, in his big treatment of the American genera of Echitoideae (=apocynoids),
Woodson (1936) remarked that the genus was no better understood than when he first
published it and placed it between Peltastes and Galactophora Woodson. He suggested that
its closest relative was most likely Galactophora, another small shrub with thick,
coriaceous leaves with similar distribution and found in similar habitats, which he had
described four years earlier, stating that it was "... a genus apparently without any direct
affinity among the genera of its subfamily."(Woodson, 1932a). Although his idea about a
close relationship between Salpinctes and Galactophora was shown to be incorrect, his

hypothesis about the isolated position of Galactophora was borne out, when it came out as
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sister to the other genera of the distant Malouetia clade in Livshultz & al. (2007), and was
later placed as the sole member of Malouetieae subtr. Galactophorinae by Endress & al.,
2014,

The other two genera of subtribe Pentalinoninae (Angadenia and Pentalinon) have a
center of distribution in the Caribbean Basin, and each includes two recognized species.
Angadenia is found mainly in the Greater Antilles and Bahamas, with one species reaching
Florida. Of the two species of Pentalinon, one is centered in the Antilles and Bahamas and
Florida; the other in Mexico and Central America as far south as Nicaragua. The two
genera have traditionally been included in the Echiteae (e.g., Schumann, 1895; Woodson,
1935; Leeuwenberg, 1994; Endress & Bruyns, 2000), whereas Salpinctes was added more
recently (Endress & al., 2007; Livshultz & al., 2007).

Peltastinae clade. — This clade is resolved as strongly supported. Within the
Peltastinae clade two clades are recognized: Laubertia and Peltastes.

Laubertia clade. — In the plastid-based study by Livshultz & al. (2007) Laubertia
came out as sister to the sampled members of Echiteae, but without support. Due to the
limited sampling no more detailed relationships of Laubertia could be discussed. Livshultz
(2010) obtained the same relationship in the ML tree of the nuclear dataset and the MP tree
of the combined dataset, but in the ML tree for the combined data set Laubertia was
resolved as sister to genera treated here in the Peltastinae clade (but only weakly
supported), which is congruent with its position in our results. In this study, Laubertia is
strongly supported as sister to Hylaea (1/100). In Endress & al. (2014) these two genera
were included, together with Prestonia and Rhodocalyx, in their subtribe Prestoniinae,
rendering it polyphyletic.

Laubertia is a genus of four species with a disjunct distribution in Mexico,
Guatemala and Belize in Mesoamerica, and in Colombia, Ecuador, Peru, Bolivia and Brazil
in South America (Morales, 2002a), which has to date been considered to be closely related
to Prestonia, based on the presence of an annular corona around the corolla mouth
(Woodson, 1936; Pichon, 1950a; Endress & al., 2014). The rarely collected and poorly
known Hylaea contains two species confined to the Venezuelan and Brazilian Amazon,
respectively (Morales, 1999b). An annular corona and/or free corona lobes are present in a

few genera in the Echiteae (e.g., Hylaea, Laubertia, Prestonia, Rhodocalyx, Thoreauea),
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although sometimes one or the other is absent. These structures have played an important
role in differentiating genera within Echiteae. For example, Laubertia flowers have an
annular corona, included anthers, but lack free corona lobes, whereas in Hylaea flowers
lack an annular corona, have completely exserted anthers and free corona lobes (Morales,
1999b). We sampled one of the two species of Hylaea (both known only from the type) and
three species of Laubertia (including an uncertain species) of four accepted species. In our
phylogeny, genera with corona structures in Echiteae (Hylaea, Laubertia, Prestonia,
Rhodocalyx and Thoreauea) are placed in four different clades. In Endress & al. (2014), the
first four of these genera were included in subtribe Prestoniinae. Thoreauea, in contrast,
was placed in subtribe Parsonsiinae because of its syncarpous ovary.

Peltastes clade. —The Peltastinae as currently circumscribed (Endress & al., 2014),
including Asketanthera, Macropharynx, Peltastes and Temnadenia (Table 1), is resolved
here as polyphyletic. Rhodocalyx and Prestonia riedelii (placed in Prestoniinae in the
classification of Endress & al., 2014) are nested within this clade, whereas Asketanthera is
nested in the subtribe Echitiinae. The Peltastinae clade can be divided into three clades:
Temnadenia, Rhodocalyx and Prestonia riedelii, and Macropharynx and Peltastes.

Temnadenia currently comprises four species, two of them endemic to Brazil and
the other two also extending to adjacent Colombia, Peru or Bolivia. The genus was
described by Miers (1878), who is infamous among specialists of Neotropical Apocynaceae
for his undiscerning eye and poor judgement, thus wreaking nomenclatural havoc in the
group for decades to come. Miers described 22 species of Temnadenia, four of which have
since been treated as synonyms of other species in the genus, and the remainder put into
synonymy of existing species of Echites, Prestonia or Mandevilla. Woodson (1936)
reduced the genus to four species: T. ornata, T. stellaris (Lindl.) Miers (T. odorifera (Vell).
J.F. Morales), T. stenantha, and T. violacea (Vell.) Miers. Ezcurra (1981) added an
additional species, T. meyeri which was later treated in Macropharynx (Xifreda, 1984) and
whose closer affinities remain unknown (Morales, 2005a). In our study, Temnadenia is
resolved as polyphyletic, with two species nested in the Peltastinae clade (T. odorifera and
T. violacea) and one (T. ornata) deeply nested within Prestonia. Temnadenia should be
considered a genus of two species endemic to Brazil. Temnadenia meyeri is

morphologically very similar to P. riedelii, but lacks the annular corona around the corolla
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mouth. The affinities of T. meyeri and T. stenantha are uncertain. The inclusion of these
species in future analyses is essential in order to determine the appropriate placement and to
test the monophyly of Temnadenia.

Rhodocalyx, described by Miller Argoviensis (1860), is a monospecific genus
restricted to cerrados in Brazil, Bolivia and Paraguay. The genus has a convoluted
taxonomic history, first being expanded by the inimitable Miers (1878) with an additional
11 species, almost all of which are currently placed in Mandevilla. Based on the overall
similarity of Rhodocalyx to Prestonia riedelii pointed out by Ezcurra & al. (1992),
Rhodocalyx was put into the synonymy of Prestonia by Morales (1999a). In our study
Rhodocalyx grouped with Prestonia riedelii, with strong support (1/95). The relationship
between R. rotundifolius-P.riedelii to genera here included in the Peltastinae clade was also
recovered with 100% BS in Livshultz & al. (2007). However, in that study the position of
the bulk of the included species of Prestonia was not supported and the sister relationship
of R. rotundifolius and P.riedelii only poorly supported. Most importantly, sampling was
inadequate to address these issues. For these reasons Endress & al. (2014) deemed it most
prudent to include Rhodocalyx in Prestoniinae until an adequate sampling of the pertinent
genera was available. The R. rotundifolius-P.riedelii clade is strongly supported as sister to
the clade comprising the included species of Peltastes and Macropharynx, and clearly
distinguished from the Temnadenia clade below. Based on the strong support combined
with the morphological similarity of the two genera, we transfer P.riedelii to Rhodocalyx.

Macropharynx currently includes five recognized species and has a wide
distribution from Honduras and Costa Rica in Central America all the way south to
northern Argentina. Peltastes has ten species and has nearly the same distribution as
Macropharynx. Both are large, robust lianas, with conspicuous ferrugineous-tomentose to
hispid indument, often climbing high into the canopy, and festooning large expanses at
forest edges or other disturbed areas. Macropharynx and Peltastes are grouped in a strongly
supported clade (1/100). Peltastes has previously been included in four phylogenetic
studies, all of them broadscale and focused on resolving higher level relationships:
Potgieter & Albert (2001) and Sennblad & Bremer (2002) (each of which contained just
one species — Peltastes peltatus (Vell.) Woodson)), and Livshultz & al. (2007) and
Livshultz (2010) (both of which included two species: P. peltatus and P. isthmicus
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Woodson). Macropharynx, in contrast, has previously never been studied molecularly.
Traditionally, Peltastes has been differentiated mainly by its peltate leaves. A further
difference is that there are conspicuous bracteoles on the pedicel in Macropharynx, whereas
these are absent in Peltastes. Otherwise, the overall appearance of the two genera is very
similar. Considering the position of M. renteriae and the possibility of cross lab
contamination, we made three extractions from different populations in Costa Rica and
Panama and the results were always the same. Based on the strongly supported position
(1/100) of M. renteriae as sister to the remaining members of the Macropharynx-Peltastes
clade and their close resemblance, we propose inclusion of Peltastes in Macropharynx.
Echitinae clade. — This clade is strongly supported (1/100) and can conveniently
be broken into three clades: Thernardia/Thoreauea, Asketanthera, and Echites/Fernaldia.
The Thernardia/Thoreauea clade includes all currently recognized species of
Thenardia and all but one of the described Thoreauea species. The monophyly of both is
strongly supported: Thenardia (1/100) and Thoreauea (1/100). Both genera have a center of
distribution in Mexico, with one species of Thenardia also reaching northern Central
America (Morales, 2009a). Hypotheses of the possible closest relatives of Thenardia have
varied, though usually these were members of Echiteae as delimited here. Although
Woodson (1936) did not make a clear statement as to relationships, in his natural key to
Neotropical apocynoids, Thenardia, Echites and Prestonia came out together, based on
features such as clear latex and sepals with a solitary episepalous colleter inside. Pichon
(1950b) suggested a close relationship with Parsonsia and Artia, based primarily on the
exserted stamens and ovary with fused carpels. Leeuwenberg (1994) followed Pichon
(1950b) for the most part, but also included Delphyodon K. Schum. and Grisseeae Bakh.f.
(both now included in the synonymy of Parsonsia (Middleton, 1997)), and — presumably
based on their conspicuously exserted anthers, also Pottsia and Isonema R. Br., two
unrelated genera currently included in tribes Apocyneae and Nerieae, respectively (Endress
& al., 2014). Williams (1995, 1998) suggested that Thenardia is probably most closely
related to Echites and Fernaldia, based on the solitary calycine colleter and New World
distribution common to all three, rather than to the Old World genera Parsonsia and Artia,

which concurs with our phylogeny.
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Thoreauea was described by Williams (2002) from a single specimen from Mexico,
based on its isolated position in the morphological cladistic analysis of potential relatives
(Echites, Forsteronia G. Mey., Laubertia, Parsonsia, Prestonia and Thenardia). It was
characterized by its urceolate corolla with a dissected corona around the mouth. The
circumscription of the genus was complemented by the description of two additional
species shortly thereafter (Morales, 2005c; Diego & Lozada-Pérez, 2006). Morales (2005c),
suggested a possible relationship with Hylaea, Laubertia and Prestonia based on the
presence of a corona around the corolla mouth. In the morphology-based analysis of
Williams (2002) Thoreauea was placed as sister to a clade comprised of two clades: one
containing the four included species of Parsonsia and one species of Forsteronia, and the
other the two included species of Thenardia. Of these, only the clade of Thenardia species
received strong support; the other clades received either weak or no support.

The next clade, comprising the two included species of Asketanthera, is strongly
supported, both as monophyletic and as sister to Echites and Fernaldia. Asketanthera was
included in Peltastinae by Endress & al. (2014) because of its foliaceous bracts; this further
adds to the polyphyly of that subtribe and at the same time renders Echitinae non-
monophyletic. Asketanthera and its four constituent species were described by Woodson
(1932a). It is restricted to the Greater Antilles, with one species endemic to Cuba and the
other three endemic to Hispaniola. It is one of the most rarely collected and poorly known
genera in Neotropical Echiteae, and little more is known about it than when it was first
published.

The final clade of the Echitinae clade includes Echites, which is resolved as
paraphyletic, with Fernaldia nested deeply within it. This supports the findings of a
cladistic analysis based on morphological characters (Williams, 2004), in which the single
species of Fernaldia included came out as sister to three representatives of Echites subgen.
Echites (although without support). The author remarked that the main difference between
the two genera was the corolla shape (infundibuliform in Fernaldia versus salverform in
Echites). Our results are also congruent with those of Livshultz & al. (2007), in which the
single included species of Fernaldia was strongly supported as sister to Echites turriger, a
species with a salverform corolla with glabrous lobes, and this clade was in turn strongly

supported as sister to the remaining included species of Echites. The authors commented on
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the weakness of the morphological features that distinguish the two genera, and suggested
the inclusion of Fernaldia in Echites. Here, Fernaldia also groups in a clade (1/100) with
E. turriger, and this clade is deeply nested within Echites. Our results are based on a denser
sampling, including all species of Fernaldia and eight of the nine species of Echites, which
allows us to say with confidence that Fernaldia should be included in Echites in order to
make the latter monophyletic.

Fernaldia, another genus described by Woodson (1932a), ranges from Mexico to
Costa Rica.Traditionally, it has been distinguished from other Neotropical apocynoids by
its infundibuliform corolla with long hairs on the inner surface of the lobes (Morales,
2002b, 2009a), although sometimes the hairs are so sparse that the lobes are glabrescent.
The flower buds of one species, F. pandurata (A. DC.) Woodson (commonly called
loroco), are popular as a condiment to flavor rice and pupusas (thick, handmade tortillas) in
El Salvador and Guatemala, and has been introduced to southern Florida, where it is grown
in some Hispanic communities (Morton & al., 1990). To the best of our knowledge, loroco
is the only member of Echiteae that is used for human consumption.

In the early days of plant systematics, the name Echites was given to just about any
lactiferous liana in the New World. The generic concept remained vague and inclusive for
more than 150 years, until Woodson (e.g, 1931b, 1932a, 1932b, 1936) courageously
tackled the problem, describing a number of new genera to accommodate some, and
transferring many others to existing genera, thereby reducing Echites to just six species
distributed in Mesoamerica and the Caribbean. In his revision of New World apocynoids,
Woodson (1936) published an elaborate classification for the six accepted species in
Echites, including two subgenera, based on rather minor differences: Euechites (with
corollas up to 8 cm long with spreading obovate lobes) and Pseudechites (with shorter
corollas with reflexed very narrow to filiform lobes). Echites subgen. Euechites was further
subdivided into two sections: Umbellatae (with twisted corolla tube and restricted to
northern Mesoamerica) and Yucatanenses (with non-twisted corolla tube and widely
distributed from Florida, the Caribbean and Mesoamerica). In section Umbellatae, Echites
umbellatus Jacg. was further split into two varieties (typica and crassipes). Woodson
himself, speaking about var. crassipes, noted in a comment at the end, "These plants appear

to be no more than microphyllous, depauperate individuals of var. typica, and it is doubtful
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whether they should even be recognized as a variety." A few species still remained
incorrectly placed in other genera and were transferred to Echites (Morales, 1997). The first
molecular-based study to include Echites was the broadscale analysis based on trnL intron
and trnL-F spacer by Potgieter & Albert (2001); only one species was included and it came
out in a strongly supported polytomy including all other representatives of the core
Echiteae as defined here. Three years later, Williams (2004) published a morphological
cladistic analysis of 42 species of 22 apocynoid genera, in which the representatives of
Echites subgen. Pseudechites (Woodson, 1936) were retrieved in a moderately supported
clade far removed from those of E. subgen. Echites, which grouped together, but without
support. Based on the results of Williams (2004), a new genus was erected to accommodate
the species of Echites subgen. Pseudechites Woodson (Morales & Williams, 2004), which,
however, was not supported by molecular evidence obtained by Livshultz & al. (2007) and
in this study. Finally, 260 years after it was first described, the generic limits of Echites are
stable at last. From a nebulous catch-all, Echites, as currently defined, comprises 11
species, distributed from Florida through the West Indies and in Mesoamerica.

Parsonsiinae-Prestoniinae clade. — This clade is resolved with strong support
(1/100). It contains the only Old World members of the tribe, and represents the by far most
species-rich group in Echiteae, with an estimated 140 species, the overwhelming majority
of them concentrated in the two genera Parsonsia and Prestonia. This clade is divided into
two well supported clades, and includes three genera: Artia and Parsonsia (Parsonsiinae),
and Prestonia (Prestoniinae).

Both Parsonsiinae and Prestoniinae, as proposed in the classification of Endress &
al. (2014), are polyphyletic: Parsonsiinae because, in addition to Artia, Ecua and Parsonsia,
it also included Thenardia and Thoreauea (resolved here as part of the Echitinae), and
Prestoniinae because of the four included genera (Prestonia, Hylaea, Laubertia, and
Rhodocalyx), the last three are included in the Peltastinae clade here. As resolved here,
Parsonsiinae comprises Artia and Parsonsia (and presumably Ecua), and Prestoniinae only
Prestonia (Fig. 3). The close relationship between Parsonsia and Prestonia has been
suggested in earlier studies (e.g., Sennblad & al., 1998, Sennblad & Bremer, 2002).

In the study by Livshultz & al. (2007), which was based on four cpDNA markers,

Parsonsia and Artia were resolved as nested within Prestonia, but without statistical
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support. In Livshultz (2010), using nuclear and plastid data, Prestonia was resolved as
sister to the Artia-Parsonsia clade, but with only moderate support. Also, because of the
reduced sampling (only two species of Prestonia and one each of Artia and Parsonsia), the
relationships of this group could not be addressed. Here, the increased taxon sampling
together with nuclear data resolved the relationships between these groups with high
support, resolving the Artia-Parsonsia clade as sister to the Prestonia clade.

Parsonsiinae clade. — The monophyly of Artia is tested and confirmed here for the
first time. It is resolved as sister to Parsonsia, which is congruent with the results of
Livshultz & al. (2007) and Livshultz (2010). The close relationship between the two genera
was also suggested by Pichon (1950c). Artia was described by Guillaumin (1941), currently
encompasses four species, and is restricted to New Caledonia. It bears a strong resemblance
to Parsonsia, and it would be interesting to see where it would come out with a larger
sampling of Parsonsia, and with Ecua.

Parsonsia is strongly supported as monophyletic (1/100). The genus was described
by Robert Brown in his landmark treatise on Apocynaceae (Brown, 1810) and has a broad
distribution in tropical and subtropical regions of Asia and the southwestern Pacific,
including New Caledonia (with 16 recognized species, all endemic), New Zealand and
Australia (where the genus has radiated extensively, with 33 of the 35 accepted species
being endemic). Estimates for the number of species vary: Pichon (1950c) and Middleton
(1997) suggested somewhat more than 80, Leeuwenberg (1994) 50, and Williams (1996)
130 species.

Prestoniinae clade. — This clade is strongly supported (1/100) and includes only the
New World genus Prestonia. The circumscription of Prestonia has been problematic since
Woodson (1936) monographed the genus. Woodson accepted 61 species, but included P.
agglutinata (Jacg.) Woodson, currently placed in Echites (Morales, 1997). Later,
Monachino (1957, 1961) described two additional species in Prestonia, P. arborescens
Monach. and P. leptoloba Monach., which were removed and treated as a new genus
(Hylaea) by Morales (1999b). Previous phylogenetic studies have suggested that Prestonia
is polyphyletic (e.g., Livshultz & al. 2007; Livshultz, 2010), with at least one species (P.
riedelii) grouped with Rhodocalyx (Peltastinae), which is congruent with our results here

(based on an enlarged sampling including 15 species of Prestonia). Here we propose
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exclusion of P. riedelii from the Prestoniinae and its inclusion in the Peltastinae, to make
both subtribes monophyletic. The infrageneric relationships in Prestonia are mainly
unresolved and more species need to be sampled in order to evaluate the classifications of
Woodson (1936) and Pichon (1950a).

Sex, drugs and pupusas: Pyrrolizidine alkaloids in Echiteae. — Still relatively
little is known about the distribution of PAs in Apocynaceae. The impetus to check for the
presence of PAs in the lab has almost always come from field observations of specialized
danaid butterflies and arctiid moths showing a strong association with a particular species
(Brown, 1984; Edgar, 1984; Nishida, 2002; Bowers, 2009). To date, not many species of
Apocynaceae have been tested for PAs in the lab, and with the exception of Parsonsia and
Prestonia, where a number of species have tested positive, presence of PAs is mostly based
on a single species (Burzynski & al., 2015). Nonetheless, one can make some deductions by
comparing the available data to our phylogeny. (1) Test results for PAs were negative for
Pentalinon (Burzynski & al., 2015), which provides independent support for its exclusion
from Echiteae as proposed here; (2) Low molecular weight PA derivatives have been
reported in Anodendron A. DC. (Apocyneae) and Holarrhena R. Br. (Malouetieae), and
Colegate & al. (2016) confirmed the presence of two different types of low molecular
weight dehydroPAs (neither one of the parsonsine type) in Alafia (Nerieae) and
Amphineurion (Apocyneae); (3) DehydroPAs of the parsonsine type have been reported
and/or confirmed only in Echiteae and in all three main clades: Temnadenia and Peltastes
(Peltastinae clade), Echites/Fernaldia and Thenardia (Echitinae clade) and Parsonsia and
Prestonia (Parsonsiinae-Prestoniinae clade) (Brown, 1987; Brehm & al., 2007; Hernandez-
Baz & al., 2013; Burzynski & al., 2015 and references therein; Colegate & al., 2016). This
is reminiscent of the situation in complex indole alkaloids, in which biogenetic pathways
diversify and have led to structurally ever more derived types, which may be characteristic
for a particular clade (Kisaklrek & al., 1983; Endress & al., 1990). For example, the
rauvolfioid tribe Tabernaemontaneae contains a number of different indole alkaloids, many
of them of a relatively less evolved structure that are also found elsewhere in rauvolfioids.
But ibogan type indole alkaloids, the structurally most derived 'J type' in the evolutionary

system described in Kisakirek & al.(1983), are found exclusively in Tabernaemontaneae
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and thus characterize that tribe (Van Beck & al., 1984; Van Beck & Van Gessel, 1988; Zhu
& al., 1990). One can surmise from this that in the ancestors of Echiteae, there has been an
evolutionary shift in the chemical defense compounds, from the usual steroidal alkaloids
and cardenolides in apocynoids to dehydroPAs of the parsonsine type.

Although PAs evolved as a defense against herbivores (Thoden & Boppré, 2010;
Trigo, 2011), certain insect groups have evolved a tolerance to these toxins, which the
larvae ingest with plant material (Trigo & al., 1996; Hartmann & Ober, 2000). In a more
specialized behavior known as pharmacophagy (Boppré, 1984), adults imbibe PAs from
injured or withered plant parts. The insects then put the sequestered toxic compounds to
their own use against predators (Boppré, 1984, 1986; Nishida, 2002; Brehm & al., 2007).
Two groups of Lepidoptera — arctiid moths and danaid butterflies — have evolved an even
more derived use of PAs. Males use them as the basis for male-mating pheromones
(Boppré, 1990, 1995; Schulz, 1998; Schulz & al., 2004). Males of the arctiid moth
Creatonotos Hubner have expandable scent-producing organs (coremata), which are
covered with long pheromone-exuding hair-pencils (Pliske, 1975; Honda & al., 2006), the
size and pheromone content of which depend on the moth's ingestion of PAs. Experiments
have shown that coremata of males with no PAs in their diet were merely two stalks with
very few hair-pencils, but the coremata of those that were fed PAs developed four tubes
longer than the insect's body length, densely covered with long hair-pencils (Boppré &
Schneider, 1985), demonstrating that the moths have evolved a dependence on the toxic
PAs in their host plants to produce pheromones. At dusk males expand their long, feathery
hair-pencils, emitting pheromones that attract females as well as other males. The result is
the formation of a lek, a mating arena in which group sex takes place (Boppré, 1995). A
number of specialists working on various aspects of PA-containing plants and their
associated lepidoptera, have hypothesized that PA-containing Apocynaceae are the most
likely ancestral host plants, which led to the evolution of pharmacophagy because
lepidopteran species considered to be less specialized in both the Old and New World feed
on Apocynaceae as caterpillars, whereas more derived species are able to take up PAs from
various plant sources as adults (Edgar, 1984; Trigo & al., 1996; Brehm & al., 2007).

It has long been known that PA-containing plants are a leading cause of poisoning

in grazing animals, and have resulted in significant loss of livestock. In a number of

106



Publ. 2: Relationships in Echiteae

countries PAs are also the most common plant toxins causing disease in humans due to
contamination of staple foods such as grain, meat, milk and honey (Edgar & al., 2002,
2015; Chen & al., 2010; Wiedenfeld & Edgar, 2011). Herbal teas, dietary supplements and
traditional medicines made from plants containing PAs similarly pose a potential health
threat to the patients who consume them (Chen & al. 2009 and references therein).
Considering that the plant known as loroco (Fernaldia pandurata) is nested within Echites
— one of the PA-containing genera — one wonders what effect it might have on those
gourmets who consider pupusas —thick hand-made tortillas (Morales, 2006b) — filled with
loroco flowers a delicacy. Although in the analysis by Burzynski & al. (2015) PAs were
found to be absent in F. pandurata, Colegate & al. (2016) reported their presence in the
same species, confirming an earlier finding by del Castillo & al. (1970). There are
indications that PA levels may vary among plants of the same species, or depend on what
part of the plant was tested (Burzynski & al. (2015). A great deal more work remains to be
done and new discoveries made in this fascinating interface between entomology, plant
systematics and chemical ecology.

TAXONOMIC IMPLICATIONS

Echiteae Bartl., Ord. Nat. Pl.: 204. 1830 — Type: Echites P.Browne, Civ. Nat. Hist. Jamaica
182. 1756. 14 genera.

Lianas, rarely trees; latex white or translucent; old stems sometimes with suberose
bark. Leaves opposite, rarely verticillate, without colleters on the midrib, membranaceous
to coriaceous, rarely revolute. Inflorescences axillary to terminal, panicles, thyrsiform,
umbelliform, subumbelliform, helicoid, dichasial or monochasial cymes, bracts foliaceous
or scarious, bracteoles on pedicels sometimes present, sepals foliaceous or not, with one
episepalous colleter at the base inside, sometimes more numerous and arranged in a ring,
rarely colleters absent; corolla salverform or infundibuliform, rarely rotate or urceolate, the
tube sometimes spirally contorted, sometimes with longitudinal grooves, usually with
suprastaminal and infrastaminal ribs, the lobes obliquely obovate, narrowly elliptic to ovate

or oblong ovate, commonly spreading during anthesis, rarely erect, suberect, or totally
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reflexed; aestivation dextrorse, rarely valvate or subvalvate; an annular corona sometimes
present at the mouth and free corona lobes in the staminal sectors above the insertion of the
stamens, stamens included, with apices exserted, or completely exserted, with geniculate
filaments, sometimes closely surrounding the style; style-head with a basal collar; ovary
apocarpous or syncarpous; nectary annular and irregularly lobed or divided into five
separate nectaries. Follicles free or fused longitudinally, rarely divaricate, usually
continuous, rarely moniliform, rarely with ribs; seeds truncate, subtruncate to rostrate.
Southeastern United States to northern Argentina, West Indies, New Caledonia, tropical

and subtropical Asia, and southwestern Pacific.

Subtr. Echitinae Kitt., Taschenb. Fl. Deutschl., ed. 2, 1: 449. 1843 — Type: Echites
P.Browne, Civ. Nat. Hist. Jamaica 182. 1756.

Asketanthera Woodson in Ann. Missouri Bot. Gard. 19(1): 46. 1932.
Echites P.Browne, Civ. Nat. Hist. Jamaica 182. 1756.

Thenardia Kunth, Nov. Gen. Sp. (quarto ed.) 3: 209, t. 240. 1818 [1819].
Thoreauea J.K. Williams in Lundellia 5: 47, f. 1-2. 2002.

Subtr. Laubertinae J.F.Morales, M.E.Endress & Liede, subtrib. nov. — Type: Laubertia
boissieri A.DC., Prodr. 8: 487. 1844.

This subtribe can be recognized by its salverform corolla, with the tube sometimes
spirally contorted, corolla lobes completely reflexed during anthesis, annular corona and

free corona lobes present or absent, moniliform follicles, and truncate seeds.

Lianas or trees; latex mostly translucent, rarely white. Leaves opposite,
membranaceous, glabrous, margins not revolute. Inflorescence a helicoid cyme, axillary;
sepals with a single episepalous colleter at the base inside or colleters absent; corolla
salverform, the tube sometimes spirally contorted, the lobes completely reflexed; with or

without an annular corona, free corona lobes present or absent, stamens included or
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completely exserted, not closely encircling the style; ovary apocarpous; nectary annular and

lobed. Follicles moniliform, without ribs; seeds truncate.

Hylaea J.F.Morales in Novon 9(1): 83. 1999.
Laubertia A.DC., Prodr. 8: 486. 1844.

Subtr. Parsonsiinae Benth. & Hook.f., Gen. PIl. 2: 687. 1876 — Type: Parsonsia R.Br.,
Mem. Wern. Nat. Hist. Soc. 1: 64. 1811, nom. cons.

Artia Guillaumin in Bull. Soc. Bot. France 88(2-6): 380. 1941.
Ecua Middleton in Blumea 41(1): 33. 1996
Parsonsia R.Br. in Mem. Wern. Nat. Hist. Soc. 1: 64. 1811, nom. cons.

Subtr. Peltastinae Pichon ex M.E. Endress in Phyotaxa 159: 182. 2014 — Type: Peltastes
Woodson in Ann. Missouri Bot. Gard. 19(4): 375. 1932.

Macropharynx Rusby in Mem. New York Bot. Gard. 7: 327, t. 6. 1927.
Rhodocalyx Miill. Arg., Miill. Arg. Fl. Bras. 6(1): 172. 1860.
Temnadenia Miers, Apocyn. S. Am.: 207. 1878.

Subtr. Prestoniinae Pichon ex M.E.Endress in Phyotaxa 159: 183. 2014 — Type: Prestonia
R.Br., Asclepiadeae: 58. 1810.

Prestonia R.Br., Asclepiadeae: 58. 1810, nom. cons.

Incertae sedis
Bahiella J.F.Morales in Sida 22(1): 342, f. 2-3. 2006.

The relationships and affinities of Bahiella cannot be determined at this time. It was
included in Echitinae by Endress et al. (2014). We obtained only incomplete and partial
cpDNA sequences (trnLF, rpll6). The results suggest that it could be related to
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Parsonsiinae or Prestoniinae; but until complete sequences can be analyzed, we prefer to

maintain it as "incertae sedis".

New synonymies

Echites P.Browne, Civ. Nat. Hist. Jamaica 182. 1756 — Type: Echites umbellatus Jacq.,
Enum. Syst. PI. 13. 1760

= Fernaldia Woodson in Ann. Missouri Bot. Gard. 19: 48(1). 1932 — Type: Fernaldia
pandurata (A.DC.) Woodson in Ann. Missouri Bot. Gard. 48(1). 1932.

Macropharynx Rusby in Mem. New York Bot. Gard. 7: 327, t. 6. 1927 — Type:
Macropharynx fistulosa Rusby, Mem. New York Bot. Gard. 7: 329, t. 6. 1927

= Peltastes Woodson in Ann. Missouri Bot. Gard. 19(4): 375. 1932 — Type: Peltastes
peltatus (Vell.) Woodson in Ann. Missouri Bot. Gard. 19: 376(4). 1932.

New combinations
In some several cases, the type specimen has been misplaced, and it was therefore
not possible to determine the barcode. We have indicated these by an asterisk (*) preceding

the herbarium acronym.

Echites asperoglottis (Woodson) J.F.Morales & M.E.Endress, comb. nov. = Fernaldia
asperoglottis Woodson in Ann. Missouri Bot. Gard. 26(2): 96. 1939 — Holotype:
Mexico, Guerrero, Sierra Madre del Sur, N of rio Balsas, 5 Nov 1937 (fl), Y. Mexia
8751 (MO barcode M0O022157; isotypes: ARIZ barcode ARIZ5149, CAS barcode
CAS2736, F barcode F48200 (photo F neg. 56468), G barcode G169390, GH
barcode GH57724, K barcodeK582730, NY barcode NY73866, S barcode S2694,
UC barcode UC645092, U barcode U112843, US barcode US112015).

Echites speciosissimus (Woodson) J.F.Morales & M.E.Endress, comb. nov. = Fernaldia
speciosissima Woodson in Ann. Missouri Bot. Gard. 26(4): 300. 1939 — Holotype:
Panama. Chiriqui, rio Chiriqui to Remedios, 11 Jul 1938 (fl), R.E. Woodson, P.
Allen & R. Seibert 1179 (MO barcode M0O022158).
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Macropharynx abnorma J.F.Morales & M.E.Endress, nom. nov. = Peltastes anomalus J.
F.Morales in Candollea 60(2): 295, f. 4-5. 2005, non Macropharynx anomala
Woodson in Ann. Missouri Bot. Gard. 21(4): 614(4). 1934 — Holotype: Peru,
Cajamarca, San Ignacio, San José de Lourdes, Laurel, 17 May 1997 (fl), J. Campos
& W. Vargas 3883 (MO barcode M0O1809930; isotypes: *CR, K barcode K898019).

Macropharynx colombiana (Woodson) J.F. Morales & M.E. Endress, comb. nov. =
Peltastes colombianus Woodson in Ann. Missouri Bot. Gard. 19(4): 378(4). 1932 —
Holotype: Colombia, Magdalena, Santa Marta, 27 Jun 1899 (fl), H. Smith 2412 (MO
barcode M0100293; isotypes: BM barcode BM85118, CM barcode CM1727, F
barcode F48318, G barcode G169755, GH barcode GH57763, K barcode
K582817, NY barcode NY318261, P barcode P3874171, PH barcode PH20940, US
barcode US112010).

Macropharynx conflictiva (J.F.Morales) J.F.Morales & M.E.Endress, comb. nov. =
Peltastes conflictivus J.F.Morales in Candollea 60(2): 297, f. 8. 2005. — Holotype:
Peru, San Martin, San Martin, Cataratas de Ahuashiyacu, road from Tarapoto to
Yurimaguas, 29 Jul 1986 (fl), S. Knapp 7852 (*USF; isotypes: F barcode F48319,
MEXU barcode MEXU488077, *MO, *NY, USM barcode USM47).

Macropharynx gigantea (Woodson) J.F.Morales & M.E. Endress, comb. nov. = Peltastes
giganteus Woodson in Ann. Missouri Bot. Gard. 19(4): 378. 1932 — Holotype:
Bolivia, without data (fl), M. Bang 2804 (MO barcode M0149066; isotypes: C
barcode C10005859, *F, K barcode K582818, NY barcode NY 318260, US barcode
US112011).

Macropharynx isthmica (Woodson) J.F.Morales & M.E.Endress, comb. nov. = Peltastes
isthmicus Woodson in Ann. Missouri Bot. Gard. 23(2): 187. 1936 — Holotype:
Panama, Chiriqui, vicinity of San Félix, Dec 1911 (fl), H. Pittier 5125 (US barcode
US433095).
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Macropharynx macrocalyx (Mill.Arg.) J.F.Morales & M.E.Endress, comb. nov. =
Peltastes macrocalyx (Mull.Arg.) Woodson in Ann. Missouri Bot. Garden 19(4):
376. 1932. Echites macrocalyx Mull. Arg., Fl. Bras. 6(1): 160. 1860. Stipecoma
macrocalyx (Mull. Arg.) Miers, Apocyn. S. Am.: 136. 1878 — Lectotype (designated
by Morales 2005b: 301): Brazil, Bahia, Santa Anna, 1850 (fl), M. Blanchet s.n., (G
barcode G169753).

Macropharynx peltata (Vell.) J.F.Morales & M.E. Endress, comb. nov. = Peltastes
peltatus (Vell.) Woodson in Ann. Missouri Bot. Gard. 19(4): 376. 1932 = Echites
peltatus Vell., Fl. Flumin. 110. 1829 (1825) = Stipecoma peltata (Vell.) Miers,
Apocyn. S. Am. 134. 1878 - Lectotype (designated by Morales 2005b: 302):
Brazil, without data, FI. Flumin., Icon 3: t. 32. 1831 (1827).

Macropharynx peruviana (Woodson) J.F.Morales & M.E.Endress, comb. nov. =Peltastes
peruvianus Woodson in Ann. Missouri Bot. Gard. 47(1): 77. 1960 — Holotype: Peru,
Huanuco, Fila Divisoria, 6 Sep 1946 (fl), F. Woytkowski 34492 (MO barcode
MO100290-; isotypes: *CR, F barcode F48320, G barcode G169745, *USM).

Macropharynx pulchra (Miers) J.F.Morales & M.E.Endress, comb. nov. = Peltastes
pulcher (Miers) J.F.Morales in Candollea 60(2): 306, f. 15. 2005. Stipecoma
pulchra Miers, Apocyn. S. Am.: 135, t. XVIIIl. 1878 — Holotype: Brazil, Rio de
Janeiro, Morro Flamengo, without date (fl), J. Miers 3877 (BM barcode
BM952731).

Macropharynx venusta (J.F.Morales) J.F.Morales & M.E.Endress, comb. nov. =Peltastes
venustus J.F.Morales in Candollea 60(2): 307, f. 16. 2005 — Holotype: Ecuador,
Napo, Archidona canton, Napo-Galeras national park, Cordillera de Galeras, trail to
Santa Rosa de Arapino, 18 Mar 1997 (fl, fr), A. Alvarez, A. Pohla, P. Cerda & B.
Shiguando 1681 (QCNE barcode QCNEL5; isotype: *CR).
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Prestonia ornata (Hoehne) J.F.Morales & M.E.Endress, comb. nov. = Echites ornatus
Hoehne, Comm. Lin. Telegr., Bot. 6: 82, pls. 120, 131, f. 1. 1915. Temnadenia
ornata (Hoehne) Woodson in Ann. Missouri Bot. Gard. 19(4): 383. 1932. Lectotype
(lectotype, designated by Morales 2005a: 214): Brazil, Mato Grosso, Piruena, May
1909 (fl), F.C. Hoehne 1965 (R barcode R210956).

Rhodocalyx riedelii (Mill.Arg.) J.F.Morales & M.E.Endress, comb. nov. = Prestonia
riedelii (Mull. Arg.) Markgr. in Repert. Spec. Nov. Regni Veg. 20: 26. 1924.
Haemadictyon riedelii Mull. Arg., Fl. Bras. 6: 170. 1860. Temnadenia riedelii
(Muall. Arg.) Miers, Apocyn. S. Am. 216. 1878. Echites riedelii (Mull. Arg.) Malme
in Bull. Herb. Boissier, sér. 2, 4: 196. 1904. — Holotype: Brazil, Without data (fl), L.
Riedel 1973 (P barcode P00646723 (photo F neg. 38795); isotype: LE).
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SYSTEMATICS OF PRESTONIA (APOCYNACEAE: APOCYNOIDS: ECHITEAE)
EIGHTY YEARS AFTER WOODSON®?

J. Francisco Morales,® Mary E. Endress® and Sigrid Liede-Schumann *

ABSTRACT

Prestonia (Apocynoideae, Echiteae) comprises ca. 58 species, which are lianas with
eglandular leaves, axillary or terminal cymose inflorescences, sepals with a single colleter,
flowers with an annular corona around the mouth and free corona lobes, follicular fruits and
truncate seeds that are comose at the micropylar end. Three infrageneric classifications
have been proposed in the last 110 years, all of them based only on morphological
characters and none of which have been tested with molecular data. In the present study, 62
nuclear and 258 chloroplast sequences from 65 species were analyzed in order to test the
infrageneric classifications proposed for Prestonia, including representatives of all sections
ever proposed, as well as to test the monophyly of the genus with a larger sample compared
to previous studies. Prestonia was shown to be monophyletic, but the infrageneric sections
proposed by Schumann, Woodson and Pichon are all non-monophyletic. We propose a new
infrageneric classification for Prestonia, recognizing six sections: Coalitae, Denticulata,
Exsertae, Haemadictyon, Mollis and Prestonia. A key to the sections is provided. Prestonia
pickelii is removed from the synonymy of P. quinquangularis and resurrected as an

accepted species.

Keywords: apocynoids, classification, ITS, molecular phylogeny, Prestoniinae,

systematics
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the 80" anniversary of his landmark monograph of the Neotropical apocynoids published in
the Annals in 1936.
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Apocynaceae includes more than 366 genera and 5000 species (Rapini, 2012) and is
distributed throughout the tropics, subtropics and temperate regions. The classification by
Endress & Bruyns (2000) reunited Apocynaceae and Asclepiadaceae and divided it into
five subfamilies: Rauvolfioideae and Apocynoideae from the traditional Apocynaceae, and
Periplocoideae, Secamonoideae and Asclepiadoideae from the traditional Asclepiadaceae.
Since then a number of phylogenetic studies have contributed to the resolution of
relationships at the tribal, subtribal or generic level, which has led to the reorganization or
description of tribes and subtribes and the synonymization of several genera (e.g. Meve &
Liede, 2004; Simdes et al., 2004, 2006, 2010; Liede-Schumann et al., 2005; Rapini et al.,
2006, 2011; Endress & Hansen, 2007, Endress et al., 2007a, b; Livshultz et al., 2007; Silva
et al. 2012; Khanum et al. 2016; Meve et al., 2017; Morales et al. (2017). Despite these
advances, many groups are still unresolved or the resolution is too low to accurately define
their relationships. Apocynoideae and Rauvolfioideae remained paraphyletic, and thus
informal ranks were proposed for these two subfamilies by Simdes et al. (2016). The family
thus currently comprises three formal subfamilies (Periplocoideae, Secamonoideae, and
Asclepiadaceae) and two informal groups (apocynoids and rauvolfioids), the classification
followed in Morales et al. (2017) and here.
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In the apocynoids, nine tribes were proposed by Endress et al. (2014): Apocyneae,
Baisseeae, Echiteae, Malouetieae, Mesechiteae, Nerieae, Odontadenieae, Rhabdadenieae
and Wrightieae, of which only Echiteae, Mesechiteae and Rhabdadeniae (the last
comprising only one genus) have been resolved as monophyletic (Simbes et al. 2004;
Livshultz et al. 2007, 2010; Morales et al. 2017). Echiteae included 19 genera divided
among five subtribes: Echitinae, Parsonsiinae, Peltastinae, Pentalinoninae and Prestoniinae.
A molecular phylogenetic evaluation by Morales et al. (2017) found that the tribe and all its
subtribes, as circumscribed by Endress et al. (2014), were paraphyletic. One subtribe
(Pentalinoninae) was excluded because it came out with the outgroup, and the remaining
four subtribes were recircumscribed, and a new tribe (Laubertinae) was described; in
addition, two genera (Fernaldia Woodson and Peltastes Woodson) were found to be
paraphyletic and were reduced to synonyms. In the classification of Morales et al., 2017),
Echiteae comprises 15 genera and ca. 200 species, distributed among five subtribes:
Echitinae, Laubertinae, Parsonsiinae, Peltastinae and Prestoniinae. Parsonsia R. Br.
(Parsonsiinae, 80-90 species) and Prestonia R. Br. (Prestoniinae, ca. 58 species) are by far
the largest genera in the tribe, whereas the remaining genera all contain less than 15

species.

Prestonia is distributed in the Neotropics, ranging from Mexico and the West Indies
to northern Argentina in a wide variety of habitats, from sea level up to 2800 m. The genus
has a complex taxonomic history. It was described by Brown (1810) based a single species
(P. tomentosa Brown), characterized by having corollas with an annular corona around the
mouth and five free corona lobes within the tube. Lindley (1826) proposed Haemadictyon
Lindl., which he distinguished from Prestonia by its nectary composed of five individual
lobes (vs. an annular disc nectary). Miers (1878) was the first to reduce Haemadictyon to a
synonym of Prestonia, but at the same time, he described other new genera such as Mitozus
Miers, Rhaptocarpus Miers, and Temnadenia Miers, to which he transferred several species
of Prestonia together with species of unrelated "good genera™, creating taxonomic havoc
that prevailed for more than 50 years. Baillon (1891) and Schumann (1895) also considered
Haemadictyon to be a synonym of Prestonia. Schumann made some additional
combinations but he did not evaluate the genera proposed by Miers (1878), and thus, the

taxonomy of the Prestonia remained confused. The monotypic Belandra Blake was
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described based on a single specimen from Belize and assumed to be related to Echites P.
Browne and Odontadenia Benth., but without discussion of its relationships with Prestonia
(Blake, 1917). Woodson (1931, 1936) made a significant contribution to clarifying the
taxonomy of Prestonia by sorting out the nomenclatural mess created by Miers (1878),
thereby including Rhaptocarpus wholly, and Mitozus and Temnadenia in part, as
synonyms. He also reduced Belandra to a synonym, described many new species. His
circumscription of Prestonia recognized 60 species distributed in four sections (Woodson,
1936). Pichon (1950a) recognized five sections and accepted 66 species, including some
species described after the publication of Woodson's classification in 1936 (e.g., P.
dentigera Woodson, P. macrophylla Woodson, P. pickelii Markgr.) and proposed a new
combination for Haemadictyon cayennensis A.DC. (P. cayennensis (A. DC.) Pichon),

which was overlooked by Woodson (1936).

Prestonia has continued to be embroiled in disputes regarding its generic
circumscription for the last 80 years. Woodson (1931, 1936) included Echites agglutinatus
Jacq. in Prestonia sect. Coalitae, despite its lack of an annular corona around the mouth or
free coronal lobes within the tube. Woodson (1960) described P. caudata Woodson, a
species with some shared morphological characters with P. agglutinata (Jacg.) Woodson,
including lack of an annular corona and free corona lobes, which he thus also included in
sect. Coalitae. Gentry (1983) transferred Echites woodsonianus Monac. to Prestonia, based
on the acceptance of P. agglutinata. Morales (1997b) evaluated Prestonia sect. Coalitae,
and based on floral morphological characters, determined that P. agglutinata, P. caudata,
and P. woodsonianus (Monac.) A.H. Gentry were inappropriately placed in Prestonia, and
transferred them to Echites. In a cladistic analysis based on morphology alone, these three
species grouped together in a clade separate from the included species of Echites (Williams,
2004), and were thus treated as a separate genus, Allotoonia J.F. Morales & J.K. Williams
(Morales & Williams, 2004). In the study by Livshultz et al., 2007, the two included
species of Allotoonia were nested in a clade with the included species of Echites and
Fernaldia. This relationship was corroborated by Morales et al. (2017), who treated both

Allotoonia and Fernaldia as synonyms of Echites.
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Rhodocalyx Muill. Arg., a genus of erect herbs from the cerrados of southern South
America, was reduced to the synonymy of Prestonia by Morales (1999) based on the
presence of an annular corona around the corolla mouth. In a molecular phylogenetic study
of tribe Mesechiteae by Simdes et al. (2004), Rhodocalyx was included as part of the
outgroup and was retrieved together with Prestonia riedelii (Mull. Arg.) Markgr., a
relationship that was confirmed by Livshultz et al. (2007), suggesting the paraphyly of
Prestonia. Rhodocalyx was therefore, reinstated as a valid genus by Livshultz et al. (2007).
In the study by Morales et al. (2017), P. riedelii was again resolved as sister to Rhodocalyx
and this clade was far removed from the other included species of Prestonia and P. riedelii

was thus transferred to Rhodocalyx.

Temnadenia, as originally circumscribed by Miers (1878), included 22 species, the
great majority of which were transferred to other genera of neotropical apocynoids such as
Echites, Prestonia or Mandevilla Lindl. by Woodson is his landmark monograph of
American apocynoids (Woodson, 1936), who in the end recognized only four species. An
additional species (T. meyeri C. Ezcurra) was described by Ezcurra in 1981, but was later
treated in Macropharynx Rusby (Xifreda, 1984); its closer affinities remain unknown
(Morales, 2005b). Three species of Temnadenia were included in the study by Morales et
al. (2017), one of which, T. ornata (Hoehne) Woodson, was deeply nested among species
of Prestonia, and was therefore transferred to Prestonia, in order to make the latter
monophyletic. The affinities of both T. meyeri and T. stenantha Woodson could not be
tested, as all PCR reactions for these two species failed (Morales et al., 2017).

Four infrageneric classifications have been proposed for Prestonia. The first was
that of Baillon (1891), who recognized three sections (Euprestonia, Prestonianthe, and
Haemadictyon). But since he did not cite the species included in each section, his proposal
is impossible to evaluate. Of the remaining three classifications (Table 1), the first, by
Schumann (1895), recognized two sections: Euprestonia (seven species) and Haemadictyon
(three species), based on pubescence of stems, inflorescence type, and sepal shape. The
second, by Woodson (1936), recognized four sections: Acutifoliae, Annulares, Coalitae and
Tomentosae, which were differentiated based on degree of corolla tube pubescence, shape
and texture of the sepals, and characteristics of the annular corona, free corona lobes, and
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Table 1. Sections of Prestonia in three infrageneric classifications.

Total accepted species  Section Number of species

Schumann (1895) 10 Euprestonia 7
Haemadictyon 3

Woodson (1936) 60 Acutifoliae 9
Annulares 33
Coalitae 4
Tomentosae 14

Pichon (1950) 66 Euprestonia 11
Haemadictyon 50
Rhaptocarpus
Tetraceras
Trichopharynx

anthers. The largest section, Annulares, included 33 species, Tomentosae 14, Acutifoliae
nine, and Coalitae, the smallest, with only four species. The section names Acutifoliae and
Tomentosae were illegitimate, because they included the types of Schumann’s sections
Haemadictyon and Euprestonia, respectively. The most recent infrageneric classification of
Prestonia was proposed by Pichon (1950a), who recognized five sections, based on length
of the corolla lobes, type of suprastaminal indumentum within the corolla tube, and features
of the gynoecium and androecium. He accepted Schumann’s sections Haemadictyon (with
50 species, including in the synonymy Woodson’s sections Annulares and Acutifoliae) and
Euprestonia (with 11 species), but not Woodson’s sect. Coalitae, the members of which he
placed in two different sections: Rhaptocarpus (three species) and Trichopharynx (one
species). Rhaptocarpus is an illegitimate name, because it includes the type of Woodon's
sect. Coalitae (Woodson, 1936), whereas the type of Pichon's fifth section, Trichopharynx,
was transferred to Echites by Morales (1997b). These three infrageneric classification
systems differ as to the composition of each section, have nomenclatural problems, were

based only on morphological characters, and have never been evaluated using molecular
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data. New species have been described by several authors over the years, and many others
have been reduced to synonymy (e.g., Woodson, 1939, 1948; Woodson & Schery, 1940,
1942; Gentry, 1974; Markgraf, 1975; Morales, 1996, 1997a, 2004a,b,c, 2006, 2007a,b,
2010, 2011; Morales & Liede-Schumann, 2016), adding to the current infrageneric

confusion.

The use of markers from nuclear ribosomal DNA (nrDNA) has been shown to be
informative and has helped resolve relationships between species and genera (e.g, Baldwin
et al., 1995; Trovo et al., 2013), even species complexes that have been particularly
difficult to resolve with chloroplast DNA (cpDNA), due to a rapid or recent radiation (Bell
et al., 2015). In Apocynaceae, the use of nuclear markers has helped to resolve or elucidate
some problematic groups in Periplocoideae and Asclepiadoideae (e.g., Meve & Liede,
2001; Goyder et al., 2007; lonta & Judd, 2007; Surveswaran et al., 2009; Bruyns et al.,
2010; Wanntorp et al., 2014; Joubert et al., 2016; Khanum et al., 2016). But in apocynoids
and rauvolfoids, the use of nuclear markers has been limited and mostly restricted to Old
World groups (e.g., Hendrian & Kondo 20073, b, ¢; Middleton & Livshultz, 2012; Uemachi
& Shimomura, 2013). Only three studies (utilizing either phytochrome A and ITS) have
been published that included more than a handful of Neotropical genera of apocynoids
and/or rauvolfioids: Potgieter (1999), Livshultz (2010) and Morales et al. (2017. The
infrageneric relationships of larger genera often remain unclear or are totally unresolved,
and the monophyly of several earlier infrageneric classifications based only on
morphological characters has not been tested.

Although significant progress has been made in our understanding of relationships
within Echiteae in the past decade, rarely have more than one or two species of Prestonia
been included in molecular-based studies. Eight species were included by Livshultz et al.
(2007) in a study using cpDNA. In a phylogenetic study of tribe based on nrDNA and
cpDNA markers by Morales et al. (2017), 16 of the 56 currently recognized species of
Prestonia were included. In that paper, the monophyly of Prestonia was hypothesized, after
inclusion of Temnadenia ornata as a new combination and transfer of P. riedelii to

Rhodocalyx. But a larger sample is needed to accurately test monophyly of the genus and to
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evaluate the current infrageneric classification proposals (Schumann, 1895; Woodson,
1936; Pichon, 1950a).

Here we present a phylogenetic analysis of Prestonia based on sequences from four
CpDNA regions (matK and 3’/ 5" trnK intron, rpl16 intron, rpsl6 intron, trnL intron and
trnL-trnF intergenic spacer) and one nrDNA region, the internal transcribed spacer (ITS).
The sampling includes ca. 86 % of the currently accepted species (50/ca. 58 species,
Morales & Liede-Schumann, 2016). Our aims are four-fold: (1) to test the monophyly of
Prestonia with a larger sample than in previous studies; (2) to determine the relationship
between the different species of Prestonia; (3) to evaluate the infrageneric classifications of
Schumann (1895), Woodson (1936) and Pichon (1950a); and (4) to provide a new
infrageneric classification, including taxonomic realignments and nomenclatural changes as

needed.

MATERIALS AND METHODS

TAXON SAMPLING

Fifty of the 58 currently recognized species of Prestonia were sampled, including at
least two members each from the all sections of Schumann (1895), Woodson (1936) and
Pichon (1950a) (Table 2). The classification of Schumann (1895) included ten species, of
which nowadays only three are accepted, the other seven being treated as synonyms. The
outgroup taxa included thirteen species from six genera of Echiteae (Artia Guillaumin,
Asketanthera Woodson, Echites, Laubertia A. DC., Parsonsia, and Temnadenia)
representing subtribes Echitineae, Parsonsiinae, and Peltastinae, which were shown to be
the groups most closely related to Prestonia (Morales et al., 2017). In addition, two species

of Odontadenia (Odontadeniae) were used as rooting taxa.
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Table 2. Species of Prestonia and their sectional placement in three previous infrageneric classifications and this study.

Schumann (1895)  Woodson (1936) Pichon (1950a) This study
Prestonia acrensis ].F Morales - = = Prestonia
Prestonia acutifolia (Benth. ex Mll. Arg.) K. Schum. Haemadictyon Acutifoliae Haemadictyon *
Prestonia agglutinata (Jacq.) Woodson - Coalitae Trichopharynx e
Prestonia amabilis ].F. Morales = & " Denticulatae
Prestonia amanuensis Woodson - Tomentosae Euprestonia *
Prestonia amazonica (Benth. ex Mull. Arg.) I.F. Macbr. - Annulares Haemadictyon Denticulatae
Prestonia annularis (L.£) G. Don ® Annulares Haemadictyon Haemadictyon
Prestonia antioquiana 1.F. Morales & Liede - = 2 Denticulatae
Prestonia bahiensis Mull. Arg. = Tomentosae Euprestonia Prestonia
Prestonia boliviana 1. F. Morales & A. Fuentes = - . Haemadictyon
Prestonia brachypoda S.F. Blake - Tomentosae Euprestonia *
Prestonia brittonii N.E. Br. . Annulares Haemadictyon *
Prestonia calycina Mill. Arg. Euprestonia m s Prestonia
Prestonia cayennensis (A. DC.) Pichon e ~ Haemadictyon Haemadictyon
Prestonia clandestina 1.¥. Morales g - = Prestonia
Prestonia coalita (Vell.) Woodson - Coalitae Rhaptocarpus Coalitae
Prestonia cogolloi 1F. Morales % - R Prestonia
Prestonia concolor (S.F. Blake) Woodson * Annulares Haemadictyon *
Prestonia cordifolia Woodson = Tomentosae Euprestonia Mollis
Prestonia cyaniphylla (Rusby) Woodson = Acutifoliae Haemadictyon Haemadictyon
Prestonia denticulata (Vell.) Woodson - Annulares Haemadictyon Haemadictyon
Prestonia dentigera Woodson - - Haemadictyon %
Prestonia didyma (Vell.) Woodson # Annulares Haemadictyon Exsertae
Prestonia discolor Woodson ® Annulares Haemadictyon *
Prestonia dusenii (Malme) Woodson = Coalitae Rhaptocarpus Coalitae
Prestonia ecuadorensis K. Schum. Haemadictyon ¥ Haemadictyon *
Prestonia exserta (A. DC.) Standl. - Annulares Haemadictyon Exsertae
Prestonia falcatosepala J.F. Morales - = = Exsertae
Prestonia folsomii J.F. Morales < = & Exsertae
Prestonia gaudichaudii (A. DC.) K. Schum. Haemadictyon * Haemadictyon ®
Prestonia guatemalensis Woodson 7 Annulares Haemadictyon *
Prestonia guianensis Gleason - Annulares Haemadictyon *
Prestonia finitima Woodson - Annulares Haemadictyon %
Prestonia hammelii 1.F. Morales - = % Prestonia
Prestonia hassleri Woodson & Acutifoliae Haemadictyon "
Prestonia haughtii Woodson = A Haemadictyon Denticulatae
Prestonia hirsuta Mull. Arg. Euprestonia * * ¥
Prestonia ipomaeifolia A. DC. - Tomentosae Euprestonia Prestonia
Prestonia isthmica Woodson = Tomentosae Euprestonia .
Prestonia lacerata Woodson = Annulares Haemadictyon =
Prestonia lagoensis (Mull. Arg.) Woodson & Acutifoliae Haemadictyon Haemadictyon
Prestonia lanata Mull. Arg. Euprestonia * * *
Prestonia latifolia Benth. Euprestonia * * *
Prestonia laxa Rusby ex Woodson - Annulares Haemadictyon s
Prestonia leco A. Fuentes & J.F. Morales - e 2 Denticulatae
Prestonia lenticellata A H. Gentry = = s Denticulatae
Prestonia lindleyana Woodson = Annulares Haemadictyon Denticulatae
Prestonia lindmanii (Malme) Hoehne - Acutifoliae Haemadictyon *
Prestonia longifolia (Sesse & Moc.) I.F. Morales - o - Haemadictyon
Prestonia longituba K. Schum. Euprestonia * » *
Prestonia lutescens Mull. Arg. Euprestonia * % g
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Table 2. Species of Prestonia and their sectional placement in three previous infrageneric classifications and this study.

Schumann (1895)  Woodson (1936) Pichon (1950a) This study
Prestonia macroneura Woodson - Annulares Haemadictyon Denticulatae
Prestonia macrophylla Woodson = - Haemadictyon =
Prestonia marginata Markgr. - Acutifoliae Haemadictyon Haemadictyon
Prestonia megagros (Vell.) Woodson 2 Annulares Haemadictyon Denticulatae
Prestonia mexicana A. DC. Euprestonia Tomentosae Euprestonia Prestonia
Prestonia mollis Kunth # Annulares Haemadictyon Mollis
Prestonia mucronata Rusby = Tomentosae Haemadictyon Prestonia
Prestonia obovata Standl. - Annulares Haemadictyon *
Prestonia ornata (Hoehne) J.F. Morales & M.E. Endress - ] = Coalitae
Prestonia pachyphylla Woodson - Acutifoliae * *
Prestonia papillosa (Mull. Arg.) Woodson - - “ Haemadictyon
Prestonia parviflora (Benth,) Benth. & Hook. f. - Tomentosae Tetraceras Prestonia
Prestonia parvifolia K. Schum. ex Woodson = Annulares Haemadictyon Exsertae
Prestonia peregrina Woodson - Annulares Haemadictyon *
Prestonia perplexa Woodson = Annulares Haemadictyon *
Prestonia phenax Woodson 2 Annulares Haemadictyon s
Prestonia pickelii Markgr. - - Haemadictyon Coalitae
Prestonia plumierifolia Markgr. = Annulares Haemadictyon Denticulatae
Prestonia portobellensis (Beurl.) Woodson # Annulares Haemadictyon Haemadictyon
Prestonia premontana 1.F. Morales = = “ Prestonia
Prestonia purpurissata Woodson - Annulares Haemadictyon *
Prestonia quinquangularis (Jacq.) Spreng. = Acutifoliae Haemadictyon Haemadictyon
Prestonia racemosa 1.F. Morales - . - Prestonia
Prestonia riedelii (Mull. Arg.) Margr = Tomentosae Haemadictyon i
Prestonia riverae J.F. Morales - - - Prestonia
Prestonia robusta Rusby & Arnulares Haemadictyon Denticulatae
Prestonia rotundifolia K. Schum. ex Woodson - Annulares Haemadictyon Denticulatae
Prestonia schippii Woodson ' Annulares Haemadictyon *
Prestonia schumanniana Woodson - Tomentosae Euprestonia Prestonia
Prestonia seemannii Miers 2 g e Prestonia
Prestonia simulans Woodson - Acutifoliae Haemadictyon *
Prestonia solanifolia (Mill. Arg.)Woodson it Coalitae Rhaptocarpus Coalitae
Prestonia speciosa Donn. Sm. = Tomentosae Euprestonia Prestonia
Prestonia succo 1.F. Morales o & & ?
Prestonia surinamensis Mull. Arg. = Tomentosae Euprestonia Prestonia
Prestonia tomentosa R. Br. = Tomentosae Euprestonia Prestonia
Prestonia trifida (Poepp.) Woodson = Annulares Haemadictyon Denticulatae
Prestonia tysonii A H. Gentry - - = Prestonia
Prestonia vallis Woodson = Annulares Haemadictyon *
Prestonia vana Woodson - Annulares Haemadictyon Denticulatae
Prestonia vaupesana Woodson = - = Haemadictyon
Prestonia velutina Woodson - Annulares Haemadictyon *
Prestonia versicolor Woodson = Annulares Haemadictyon *

* Treated as a synonym; ** = Included in Echites; *** = Included in Rhodocalyx; - = not treated; ? = incertae sedis

Prestonia mollis Kunth and P. quinquangularis (Jacg.) Spreng. exhibit a high

degree of morphological variation, in vegetative as well as floral parts, which has led to the

description of a number of species over the years. Woodson (1936) described P. cordifolia

Woodson, which he included in sect. Tomentosae based on its pubescent corolla and leaves

and purple flowers. However, the type is similar to some extreme morphotypes of P. mollis
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observed by the first author in the Peruvian Andes. In the same work, Woodson accepted
several species (P. acutifolia (Benth. ex Mull. Arg.) K. Schum., P. marginata (Benth.)
Woodson, P. pachyphylla Woodson and P. simulans), which are morphologically similar to
P. quinquangularis, and which he differentiated from the last only by their coriaceous leaf
blades, a character sometimes present in specimens from the Amazon Basin or the Guiana
Shield. All these taxa have been reduced to the synonymy of P. quinquangularis duringr
the past decade (e.g., Morales, 2006, 2007b, 2010). However, the name P. marginata has
been involved in a confused nomenclatural situation. Bentham (1841) proposed
Haemadictyon marginatum, a species from southwestern Guyana (Upper Takutu-
Essequibo, Pirara). Markgraf (1924), described P. marginata based on a Ule specimen from
the Roraima state, Brazil. Both type collections are conspecific and were collected in the
Guiana Shield. Woodson (1936) considered Haemadictyon a synonym of Prestonia and
made the combination P. marginata (Benth.) Woodson based on Bentham’s name. At the
same time, he erroneously considered Markgraf's name (1924) to be illegitimate and
proposed a new name, P. pachyphylla for that species. However, the name by Markgraf
(1924) has priority according to Article 11.4 of the International Code of Nomenclature
(McNeill et al., 2012), and thus, Woodson’s names P. marginata (Benth.) Woodson and P.
pachyphylla are illegitimate. The placement of P. marginata Markgr has been in dispute.
Morales (2007b) reduced it into the synonymy of P. quinquangularis, but in some
checklists and floristic treatments for South America (e.g., Zarucchi et al., 1995; Funk et
al., 2007) it has been placed under the synonymy of P. cayennensis (A. DC.) Pichon. In
order to determine the relationship of this group of species (P. mollis-P. cordifolia and P.
quingquangularis-P. marginata), two samples each of P. mollis and P. quinquangularis
were included: one of the typical morphotype of both species and the second from a
morphotype that matches the type of P. cordifolia (cordate and pubescent leaves, and
purple corollas) and one that matches the type of P. marginata (coriaceous leaves from the
Guiana Shield). The list of taxa, vouchers and Genbank accession numbers are given in
Appendix 1. Eight species of Prestonia (P. amazonica (Benth. ex Mull. Arg.) J.F. Macbr.,
P. cogolloi J. F. Morales, P. folsomii J. F. Morales, P. haughtii Woodson, P. macroneura
Woodson, P. megagros (Vell.) Woodson, P. racemosa J. F. Morales and P. succo J. F.

Morales) were not included in this study. These species are poorly collected and few
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specimens for DNA extraction are available. We tried to obtain positive PCR products from

several specimens without success.

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING

DNA extraction, amplification, primers and sequencing procedures for the matK
and 3’/ 5’ trnK intron, rpl16 intron, rpsl6 intron, trnL intron and trnL-trnF intergenic
spacer and ITS are described in Morales et al. (2017). For the rpsl16 intron the protocol
given in Simbes et al. (2004) was used. The primer 825R (5'-
GATAGCATAGTGCGATAGAGTC-3") was designed for use in sequencing the 5’ trnK
intron in combination with the primer trnK-3914F. For sequences already available in
GenBank, sometimes a different voucher specimen was used to obtain ITS. Alignment of
the matK and 5/ 3’ trnK intron, trnL intron, trnL-trnF intergenic spacer and rpsl16 intron
was relatively easy and straightforward, whereas alignment of ITS was the most difficult
due to the large number of gaps, followed by the rpll16 intron, which presented large
mononucleotide repeats. Regions of ambiguous alignments were excluded. Sequences were
manually assembled using CodonCode Aligner version 3.7.1 (CodonCode Corp.,
Centerville, Massachusetts, U.S.A.).

PHYLOGENETIC ANALYSES

We analyzed seven matrices: the individual datasets (1) matK and 5/ 3" trnK intron;
(2) rpll16 intron; (3) rpsl6 intron; (4) trnL intron and trnL-trnF intergenic spacer; (5) ITS,
(6) combined cpDNA dataset (matrices 1-4) and (7) combined molecular dataset (matrices
5-6). All matrices were deposited in TreeBASE (accession number 19980). First we
checked for hard incongruence among the individual plastid matrices, and then between the

combined cpDNA matrix and the nrDNA matrix, testing the combinability of the partitions
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by searching for incongruences between them, in order to combine the data following the
procedures given in Morales et al. (2017). Incongruence was also not found between the
combined cpDNA matrix and nrDNA matrix, so they were combined in a single matrix
(combined molecular matrix). The individual cpDNA matrices were analyzed using
maximum likelihood (ML), whereas the combined cpDNA matrix, the nfDNA matrix and
the combined molecular matrix were analyzed using ML and Bayesian inference (Bl). For
the two analyses involving ITS, the nrDNA matrix was divided into five partitions.

Maximume-likelihood (ML) analyses were calculated using RAXML version 8.2.8
(Stamatakis, 2006, Stamatakis et al., 2008), as implemented in CIPRES version 3.3 (Miller
et al., 2010), setting the non-bootstrap analysis and tree search to 1000 replicates. The
output tree files were generated with Figtree (Rambaut, 2014). Bootstrap support value was
interpreted as follows: 50%—74% as weak, 75%—-89% as moderate, and > 90% as strongly

supported.

Bayesian inference was calculated using MrBayes version 3.1.2 (Huelsenbeck &
Ronquist, 2001; Ronquist & Huelsenbeck, 2003), applying separate models to each data
partition, with unlinked partitions, and parameters estimated independently. Models of
sequence evolution were selected using the Bayesian information criterion (BIC) in
JModelTest version 2.1.1 (Darriba et al., 2012). MrBayes was run using two parallel runs
for 10 million generations, each using one cold and three heated MCMC chains, sampling
every 10,000 generations, until an average standard deviation of split frequencies < 0.01
was reached. The first 25% of the trees was discarded (sump function) and the remaining
75% used to calculate a majority-rule consensus and posterior probabilities (PP, sumt
function). Burn-in values, mixing of the MCMC chains, and independent tree sampling
were determined through inspection of the MCMC samples employing Tracer v.1.5
(Rambaut & Drummond, 2007). The 50% majority-rule consensus tree was edited in
Figtree versionl.4.2. (Rambaut, 2014). Posterior probability values > 0.95 were considered

as strongly supported.

RESULTS
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SEQUENCES

The markers chosen for this investigation were successfully sequenced for all
species, with the following exceptions. For the two outgroup species Asketanthera calycosa
(A. Rich.) Woodson and Parsonsia lenticellata T. C. White we were unable to amplify the
rps16 intron. For P. mollis, P. cordifolia and P. marginata, despite several amplifications
from two different specimens, ITS sequences always exhibited double overlapping peaks, a
problem already reported with this marker (Rapini et al., 2006; Spalik et al., 2009; Burge et
al., 2013; Weitmier et al., 2015; Simdes et al., 2016). Therefore, for these three species ITS
was not included, which was not expected to affect the results of the combined analysis
(Wiens, 2003). In total, 62 nrDNA and 258 cpDNA sequences were analyzed, of which 46
and 205, respectively, were newly generated; the remaining sequences were obtained from
GenBank. Species sampled, vouchers and GenBank accession numbers are given in
Appendix 1. Alignment characteristics statistics are summarized in Table 3. The most
informative of the regions studied was ITS, with 47.17% parsimony informative characters
(Table 3). In contrast, the most informative cpDNA markers (rps16 intron, rpll16 intron)
barely reached 10 % (10.04 % and 9.03 %, respectively).

DNA ANALYSES

The most complex model GTR + I" + | was implemented for each partition
(Huelsenbeck & Rannala, 2004). No strongly supported incongruent clades were found
between the rpl16 intron (Fig. S2) rpsl6 intron (Fig. S3) and trnL intron and trnL-trnF
intergenic spacer (Fig. S4) trees. In the matK and 5/ 3" trnK intron tree (Fig. S1), Artia and
Parsonsia were retrieved in an unsupported clade with a group of species of Prestonia. In
the combined cpDNA tree (Fig. 1) and the nrDNA tree (Fig. 2), only minor discrepancies
were found. In the combined cpDNA tree, the maximally supported (BS=100%) Mollis

clade (comprising P. mollis and P. cordifolia) was retrieved as sister to the Coalita,
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Denticulata and Prestonia clades, whereas in the nrDNA tree P. mollis and P. cordifolia
were not included and therefore, the Mollis clade is missing. In the combined cpDNA tree,
the sisters P. quinquangularis and P. marginata (BS=100%) are retrieved within the
Haemadictyon clade, in an unresolved relationship with the weakly supported (BS=57%)
clade with the remaining species of the clades of the ingroup. In the nrDNA tree, P.
marginata is missing, and P. quinquangularis is positioned within the Haemadictyon clade
on a branch by itself, and between a clade formed by three species (P. boliviana J.F.
Morales & A. Fuentes, P. cyaniphylla (Rusby) Woodson, P. lagoensis (Mull. Arg.)
Woodson) and weakly supported (BS=70%) as sister to a clade, which includes the other
species of the clade (Fig. 2). Although, the topologies do not match completely, the clades,
which form the heart of this study, were resolved in both the combined cpDNA tree and the
nrDNA tree (Figs. 1, 2, respectively). Therefore, the two datasets were combined into a
single matrix (combined molecular matrix). All further discussion is based on the majority

rule consensus cladogram resulting from the BI analysis of the combined molecular matrix
(Fig. 3).

Table 3. Summary statistics of data sets

Locus Number Total Variant Parsimony- Cl RI

oftaxa length (bp) characters informative

(n) characters (n)

trnL  intron and | 65 991 109 65 (6.6 %) 0.780 0.912
trnL-trnF
intergenic spacer
rpl16 intron 65 1229 210 111 (9.03 %) 0.734 0.890
matK /5% 3’ trnK | 65 2585 395 224 (8.66 %) 0.623 0.841
intron
rpsl6 intron 63 956 149 96 (10.04 %) 0.710 0.889
ITS 62 812 490 383 (47.17%) 0536 0.763
Chloroplast 65 5761 863 496 (8.61 %) 0.645 0.846
combined
ITS and chloroplast | 65 6573 1353 879 (13.37%) 0.574 0.795
combined
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Fig. 1. Maximum likelihood consensus tree based on the combined cpDNA dataset (matK
and 3’ / 5’ trnK intron, rpll6 intron, rpsl6 intron, trnL intron and trnL-trnF
intergenic spacer). Clades from the consensus tree based on the combined molecular
dataset (combined cpDNA and nrDNA datasets) (Fig. 3) are indicated by black bars.

Bootstrap values > 50 are indicated above branches.
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PHYLOGENETIC RELATIONSHIPS

Prestonia as circumscribed by Morales et al. (2017) is optimally resolved as
monophyletic (1/98). Five clades can be recognized: the Haemadictyon clade, Mollis clade,
Coalita clade, Denticulata clade and Prestonia clade (Fig. 3). The first clade to diverge
within the ingroup, the Haemadictyon clade is strongly supported by PP (1), but only
moderately so by ML (85). It is retrieved as sister to all other clades in Prestonia and is
divided into two clades. The first clade (1/100) includes two species, P. marginata and P.
quinquangularis and the second, which is unsupported, nine species; it is further divided
into two clades, both optimally supported (1/100), comprising three and six species,
respectively. Next in branching order is the strongly supported Mollis clade (1/100), which
comprises only two species (P. cordifolia and P. mollis). The relationship between the
Mollis clade and the Haemadictyon clade is strongly supported by PP (0.95), but only
moderately so by ML (80). This clade is resolved as sister (1/100) to the large clade
comprising the Coalita, Denticulata and Prestonia clades, of which the Coalita clade
branches off first. It is strongly supported (1/95), and comprises two clades: one strongly
supported by PP (0.99), but only weakly so by ML (65) with four species, and the second
optimally supported (1/100) with five species. Next in branching sequence is the a large
clade (1/100), which includes the bulk of the species in the genus and is divided into two
clades: the Denticulata clade (0.99/85) and the Prestonia clade (1/98), with 11 and 17

species, respectively.

DiscussION

The present study presents the first densely sampled phylogeny of the Neotropical lianoid
genus Prestonia, using a combined cpDNA (matK and 3’ / 5’ trnK intron, rpl16 intron,
rps16 intron, trnL intron and trnL-trnF intergenic spacer) and nrDNA (ITS). The inclusion
of nrDNA in this study provided a significantly increased phylogenetic signal, compared to
the results based only on cpDNA markers. Similar results have been found in others studies
in neotropical apocynoids (e.g., Livshultz, 2010; Morales et al. 2017). The ITS dataset
proved to be the most informative, with ca. 17 % of the aligned characters being parsimony
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informative. The enhanced variability of nuclear loci compared to other markers, provides
great potential in phylogenetic studies. However, the design and identification of universal
primers is somewhat difficult due to the polyploidy present in plants (Naumann et al.,
2011). Our results based on nrDNA data are congruent with the results based on cpDNA
data, with some minor discrepancies, although incongruence between nuclear and plastid

data is not an uncommon result (e.g., Fan et al., 2009; Pelser et al., 2010; Silva et al., 2012).

ROBERT E. WOODSON, JR. AND MARCEL PICHON

Robert E. Woodson, Jr., at the Missouri Botanical Garden in St. Louis, and Marcel
Pichon, at the Muséum National d'Histoire Naturelle in Paris, were two of the most
important specialists of Apocynaceae in the first half of the 20" century. Both published a
large number of key papers and monographic works that greatly furthered knowledge on
Apocynaceae, particularly the rauvolfioids and apocynoids (Humbert & Léandri, 1955;
Allen & al, 1965; Nevling, Jr., 1965). They both possessed a keen eye and an innate feel for
"good" characters. Thus, despite their work being based only on morphological characters,
which are notoriously prone to repeated evolutionary trends in distant clades, their great
knowledge of the plants allowed them to reach often surprisingly accurate hypotheses of
relationship in difficult groups. Until the advent of molecular phylogenetics, their
treatments provided the framework for our understanding of the family and into which new
species were continually being intercalated. The two were also good friends. For example,
Woodson said about his new species Aspidosperma pichonianum Woods., "The species
commemorates my friend M. Marcel Pichon, of the Muséum National d'Histoire Naturelle"
(Woodson, 1951: 176). And, both died suddenly and tragically young in the midst of their
careers: Woodson was 59, and Pichon only 33 years old, leaving a huge gap in the research

of one of ten largest plant families (Rapini, 2012).

As a curator at the Missouri Botanical Garden (Mathias, 1965), with its intensive
collecting in Latin America, Woodson was in an ideal position to study the many
specimens of Apocynaceae pouring in from collectors in the Neotropics. In order to put
names on them, he first had to come to terms with Echites. One must keep in mind that in
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the 19™ century, more or less all Neotropical apocynoid lianas were described in the genus
Echites. It was Woodson who is responsible for the seemingly Herculean task of
painstakingly sorting through the descriptions and scrutinizing the types of all Neotropical
plants described as Echites, describing new genera as needed, resolutely bringing order out
of chaos. He also tackled the confusion brought about by John Miers, who was not only a
consummate splitter, but at the same time combined unrelated taxa (Simdes et al., 2010;
Morales et al, 2007), teasing apart the conglomerate "genera", gathering like with like and
redefining them. Many of the current generic circumscriptions used in Neotropical
taxonomy are those proposed by Woodson's (e.g., Woodson, 1931, 1932a, b) and especially
his large monograph of Neotropical apocynoids (Woodson, 1933, 1934, 1935, 1936).
Woodson published the last monograph of Prestonia (Woodson, 1936). In that work and
subsequent publications, he described 30 species and transferred another 14 from other
genera, making him the author of 44 species, and thus the most prolific systematist who

ever worked in Prestonia.

Pichon, as head of phanerogams at the Museum National d'Histoire Naturelle in
Paris focused mainly on the big picture: classification at the genus level and above and on a
global scale. He was amazingly productive in his short life, publishing a prodigious number
of large, broad-based worldwide classifications down to subtribal level, incorporating
detailed morphological descriptions of floral organs (e.g., Pichon, 1948b), as well as a
number of smaller papers, especially to improve the infrageneric classification of several
larger genera in both rauvolfioids and apocynoids (e.g., Pichon1947a, b,1948a, ¢, 19504, b,
c). For his outstanding monograph of Landolphieae in Africa (Pichon, 1953), he was
awarded the Prix De Candolle in 1953 (Humbert & Léandri, 1955). He provided the last
infrageneric classification of Prestonia Pichon (1950a), placing a few species overlooked
by Woodson and intercalating species described after publication of Woodson's monograph
(Woodson, 1936).

PHYLOGENY COMPARED TO PREVIOUS CLASSIFICATIONS
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The broader taxon sampling allowed us to corroborate the hypothesis of monophyly
for the genus after the taxonomic changes proposed by Morales et al. (2017), and to
evaluate the sections of three previous infrageneric classification systems: Schumann
(1895), Woodson (1936) and Pichon (1950a). Almost all sections of these are para- or
polyphyletic. Schumann's sect. Euprestonia is resolved as monophyletic. In Woodson's and
Pichon's systems, only sect. Coalitae and sect. Rhaptocarpus are monophyletic,
respectively. The most extreme example of polyphyly is found in Schumann's sect.
Haemadictyon, Woodson 's sect. Annulares and Pichon's sect. Haemadictyon, the
constituent species of which are scattered among three, five and six clades, respectively. In
Woodson's classification, sect. Acutifoliae is also polyphyletic, with species in two different
clades, and sect. Tomentosae is paraphyletic, because here P. cordifolia grouped in the
Mollis clade. In Pichon's classification, the sole species of sect. Tetraceras, P. parviflora, is
nested among species of his sect. Euprestonia, and sect. Rhaptocarpus is polyphyletic, with

its members grouped with two species of sect. Haemadyction.

Below, we discuss each of the five main clades recovered in Prestonia and their
constituent species compared to the three previous infrageneric classifications by
Schumann (1895), Woodson (1936) and Pichon (1950a). For the remainder of the

discussion, we refrain from citing these three references. Many of the species included by

Schumann are nowadays treated as synonyms; therefore, in Figure 3 we used the currently

accepted names, but the complete list is given in the Table 2.

HAEMADICTYON CLADE

Of the eleven species in this clade, four were described or accepted after 1950 (P.
boliviana, P. longifolia (Sessé & Moc.) J.F. Morales, P. papillosa (Mull. Arg.) J.F.
Morales, P. vaupesana Woodson) and thus not treated by Schumann, Woodson or Pichon.
Of the remaining seven, four (P. cyaniphylla, P. lagoensis, P. marginata and P.
quinquangularis (as P. acutifolia (Benth. ex Mill. Arg. K. Schum.)) were included by
Woodson in sect. Acutifoliae and another two (P. annularis (L.f.) G. Don and P.

portobellensis (Beurl.) Woodson) in sect. Annulares. The basionym of P. cayennensis (A.
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DC.) Pichon, Haemadictyon cayennense A. DC., was not treated in Woodson's monograph.
Schumann's sect. Haemadictyon is polyphyletic, since its three species were retrieved in
three different clades (Haemadictyon, Mollis and Denticulata). Woodson's sect. Acutifoliae
originally included nine species, five of which have been reduced to synonymy in recent
years (Morales, 2004 b, 2005a, 2008) and it is monophyletic, but was retrieved in a close
relationship with a group of species included by him in sect. Annulares. Fifteen of the 33
species accepted by Woodson in his original circumscription of sect. Annulares (Table 1)
have been reduced to synonymy and its remaining representatives are divided among three

clades, confirming that section as polyphyletic as well.

Section Haemadictyon as defined by Pichon was resolved as grossly polyphyletic
here, with its members distributed within all major clades. We propose to recognize the
Haemadictyon clade as a section. Since the type of sect. Haemadictyon is included here,

Schumann's section name is maintained, but with a different species circumscription.

Species from this clade are distributed from Mexico and some Caribbean Islands to
Bolivia and northern Argentina from 0 to 1600 m, but are mostly confined to South
America, with only three species (P. longifolia, P. portobellensis and P. quinquangularis)
reaching Central America and Mexico. They have in common sepals without longitudinal
veins, a glabrous corolla with conspicuous annular corona, free corona lobes with the
apices exserted or included, and follicles that are free or that remain longitudinally fused
together up to maturity. The species are gouped into three clades. The five species of the
first and second clade are characterized by membranaceous, glabrous to minutely
puberulent leaf blades and membranaceous sepals, and are found in cerrados, dry forest,
gallery forest and open areas from southern Nicaragua and Caribbean Islands to northern
Argentina. The six species of the third clade have subcoriaceous, glabrous leaf blades and
firmly membranaceous sepals and typically grow in wet forest or tropical wet forest from

Mexico to Bolivia and northern Brazil.

Prestonia quinquangularis is one of the most variable species in the genus
regarding shape, texture, and indument of the leaves. Specimens from dry forest have
small, completely glabrous leaves, whereas specimens from the tropical wet forest from the

Amazonian basin and the Guianas tend to have larger leaves, which may be sparsely
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puberulent. The relationships of P. marginata have been disputed in some more recent
floras and checklists. For example, Zarucchi et al. (1995), Funk et al. (2007) and Hokche et
al. (2008) all included this species in the synonymy of P. cayennensis, whereas Morales
(2008) considered it to be a synonym of P. quinquangularis. We included a specimen of P.
marginata here in order to determine its taxonomic affinities. It is closely related to P.
quinquangularis, supporting the proposal of Morales (2008). The status of P. marginata
will be addressed in the upcoming monograph of Prestonia (Morales & Endress, unpub.
data). Pichon's sect. Haemadictyon (based on Schumann's sect. Haemadictyon) and
Woodson's sect. Acutifoliae have the same type (Prestonia acutifolia (nowadays = P.
quinquangularis), rendering Woodson's name a nom. illeg. Baillon (1891) proposed sect.
Haemadictyon, but without citing any species, preventing it from being lectotypified and
thus, turning it in a nom. nud. We therefore maintain Schumann's name Haemadictyon for

this section, but with a different species circumscription.

MOLLIS CLADE

Schumann included Prestonia ecuadorensis K. Schum. (reduced to the synonymy of
P. mollis by Woodson (1936)) in his sect. Haemadictyon. In Woodson’s key to Prestonia,
P. mollis came out in the same group with P. exserta (A. DC.) Standl. (including P.
tobagensis Urb. and P. velutina Woodson (Morales 2004b, 2006)), P. parvifolia Woodson
and P didyma (Vell.) Woodson (including P. perplexa Woodson (Morales, 2007b)).
However, P. exserta, P. parvifolia and P. didyma are nested in the Coalita clade. Woodson
included P. cordifolia in sect. Tomentosae, based on its tomentulose leaves and puberulent
corollas, and hypothesized that is closest was P. calycina Mill. Arg. (Woodson, 1936:
354), a species here included in the distant Prestonia clade. Pichon included both species of
the Mollis clade in his sect. Haemadictyon (which included 50 species in total). Although
we were not able to include nrDNA data in our analysis for P. mollis and P. cordifolia, we

propose to recognize this clade as a section, based on its high support (1/100).

Species of the Mollis clade are distributed in Ecuador and northern Peru, with a
disjunct population in Central Panama, where they are found mainly in disturbed areas or
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dry forest from sea level up to 2500 m. They are characterized by membranaceous,
glabrous to minutely puberulent leaf blades, membranaceous sepals with conspicuous
longitudinal veins, glabrous or minutely puberulent corollas, well-developed annular
corona, free corona lobes with the apices conspicuously exserted and follicles that remain
longitudinally fused together up to maturity. At higher elevations, the plants tend to be
more pubescent, with a uniform indument on stems, leaves, and inflorescences. Corolla
color ranges from purple, yellowish purple to yellow. Plants from high elevations were
described by Woodson as P. cordifolia, which is possibly an extreme morphotype of the
variable P. mollis, with purple corollas and larger leaves. Following Woodson (1936), P.
cordifolia has been accepted in some floristic works focusing on Peru (e.g. Macbride, 1959;
Ledn et al. 2006), without questioning its validity. Whether or not both species should be

accepted is a question that will be addressed in the upcoming monograph of Prestonia.

COALITA CLADE

The strongly supported Coalita clade (1/95) is divided into two clades. The first
(0.99/65) comprises four species: P. didyma, P. parvifolia, P. exserta and P. falcatosepala
J.F. Morales. The last was described only in 2004, and consequently was not included in
previous infrageneric proposals. The first three species were considered by Woodson to be
related to P. annularis and P. mollis (which are placed in different, distant clades here) and
thus he included them as part of his sect. Annulares, whereas they were included in sect.
Haemadictyon in Pichon's classification, The second clade (1/100) includes all species of
Woodson's sect. Coalitae as well as Pichon's sect. Rhaptocarpus. None of the species of the
Coalita clade were treated by Schumann, because some were not yet described or were

placed under a different genus (e.g., Echites).

Although the first clade is only weakly supported by ML, it is strongly supported by
PP (1). Furthermore, species of the first clade are characterized by a conspicuous annular
corona and free corona lobes versus inconspicuous annular corona and absent free corona
lobes in the second clade,. Therefore, we propose to recognize the first clade as a new

section, Exsertae.
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Representatives of the this clade grow in dry, moist, or tropical wet forest and
bordering zones in Central Panama, Colombia, Ecuador, Peru and southeastern Brazil, from
0 up to 1100 m. All species have membranaceous leaf blades that are glabrous (or sparsely
puberulent on the abaxial surface), membranaceous sepals, glabrous corollas, conspicuous
annular corona, free corona lobes with the apices exserted (sometimes almost totally
exserted), and follicles that are free or that remain longitudinally fused together up to

maturity.

Two of the included species in the second clade, P. ornata (Hoehne) J.F. Morales &
M.E. Endress and P. pickelii Markgr., have a complex taxonomic history. Prestonia ornata
was originally described in Echites (Hoehne, 1915) and was transferred to Temnadenia by
Woodson (1932b), which was accepted by Morales (2005b). However, in a recent
molecular-based study of the tribe Echiteae, the included sample of T. ornata grouped
within Prestonia, thus the formal transfer was made (Morales et al. (2017), an action that is
supported with the larger sampling here. Prestonia pickelii was described by Markgraf
in1938, too late to be treated in Woodson's monograph; Pichon placed it in sect.
Haemadictyon, thus, causing his sect. Rhaptocarpus to be paraphyletic. Prestonia pickelii is
known from only two collections from Pernambuco state, Brazil. It was reduced to the
synonymy of P. quinquangularis (Morales, 2008), based on certain morphological
similarities (e.g, leaf shape, inflorescence type, small flowers, inconspicuous annular
corona). According to our phylogeny, however, the two are not even closely related;
therefore, P. pickelii is re-instated here as a valid species. We propose to recognize this
second clade as a section, with Woodson's name Coalitae maintained, but with a different

species circumscription.

Species of this clade are typically found in dry forest and cerrados, in Colombia to
Bolivia and Paraguay from 0 up to 1000 m, although P. ornata grow in tropical wet forest.
Representatives of this clade are characterized by membranaceous leaf blades that are
glabrous (or sparsely puberulent on the abaxial surface), membranaceous sepals, with or
without longitudinal veins, glabrous or minutely puberulent corollas, inconspicuous annular
corona, free corona lobes usually absent, and follicles that are free or that remain
longitudinally fused together up to maturity. Species without a free corona are uncommon,
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and outside of the species in this clade, has been reported in only a few species of the

Prestonia clade.

DENTICULATA CLADE

Of the 11 currently recognized species in this clade, seven were treated in
Woodson's sect. Annulares or Pichon's sect. Haemadictyon, whereas Schumann included
only P. denticulata (Vell.) Woodson (as P. gaudichaudii A. DC.) in his sect.
Haemadictyon. The other four species (P. amabilis J.F. Morales, P. antioguiana J.F.
Morales & Liede, P. lenticellata A.H. Gentry, P. leco A. Fuentes & J.F. Morales) were all
described after 1950, and thus were not treated in any previous classification. Three species
resolved here in the Denticulata clade (P. robusta, P. rotundifolia, P. trifida) were included
in the study by Morales et al. (2017), where they also formed a strongly supported clade.
Other phylogenetic studies dealing with relationships in the apocynoids (Livshultz et al.
2007, Livshultz, 2010) did not include any species of this clade. Although the support in
the ML analysis was only moderate (85), the clade is highly supported by PP (0.99);

accordingly, it is proposed as a new section, Denticulatae.

Members of this clade are restricted to tropical wet forest regions from southern
Costa Rica to Bolivia and Brazil, from 0 to 1000 m. Several of them are poorly collected
because they grow in isolated areas of the Amazonian basin. The plants tend to be robust,
woody lianas. They have coriaceous, glabrous leaf blades, glabrous or minutely puberulent
corollas, conspicuous annular corona, free corona lobes with the apices exserted or
included, and follicles that are free or that remain longitudinally fused together up to

maturity.

PRESTONIA CLADE

The Prestonia clade is divided into two main clades. The smaller of the two includes

four species, all of them characterized by terminal inflorescences, small corollas, and
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elongated linear, free follicles, whereas the larger comprises thirteen species, which have

axillary inflorescences, longer corollas and stouter follicles.

All species of the Prestonia clade that were known at the time, were included by
Schumann in sect. Euprestonia and by Woodson in sect. Tomentosae, whereas they were
placed in three different sections in Pichon's classification. The smaller clade includes P.
mucronata Rusby from Pichon's sect. Haemadictyon and P. parviflora (Benth.) Benth. &
Hook. f., the sole species of his sect. Tetraceras, which he separated from his sect.
Euprestonia based on the short corolla tube, ovules 6-seriate and linear follicles (vs. longer
corolla tube, ovules 8-12-seriate and stouter follicles). Although P. mucronata has the same
diagnostic features as P. parviflora, because its fruits were unknown at the time, Pichon
erroneously placed it in sect. Haemadictyon; thus, both sections are paraphyletic. All the
species in the larger clade that were known at the time were included by Pichon in his sect.

Euprestonia. We propose to recognize the Prestonia clade as a section.

Species of the Prestonia clade are found from Mexico to Bolivia and northern
Argentina, growing in a wide range of environments, including forest and open areas from
sea level up to 2500 m. Species of Prestonia from montane or premontane forest are found
only in this clade. The species are characterized by membranaceous leaves, with pubescent
blades, membranaceous sepals, conspicuously pubescent corollas, conspicuous annular
corona, sometimes deeply lobed or reduced to five conical projections, free corona lobes

with the apices exserted or included or absent, and free follicles.

PLACEMENT OF SPECIES NOT SAMPLED

Based on their morphological features, we suggest possible placement of the eight
species not sampled in the proposed infrageneric classification as follows: P. amazonica, P.
haughtii, P. macroneura and P. megagros are placed in sect. Denticulatae based on the
coriaceous and glabrous leaf blades, coriaceous sepals without visible veins, corolla with
conspicuous annular corona and free corona lobes and follicles somewhat woody at
maturity, P. cogolloi and P. racemosa are placed in sect. Prestonia based on thecorolla

tube, abaxial surfaces of the corolla lobes and follicles variously pubescent, with the
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indument ferrugineous or brown, and P. folsomii is placed in sect. Exsertae due to
membranaceous leaf blades and sepals, sepals with conspicuous longitudinal veins, corolla
tube 11-14 mm long, with a conspicuous annular corona and free corona lobes ). The
affinities of P. succo cannot be determined at this time, because its features (e.g., small
membranaceous leaves, small corollas, an inconspicuous annular corona and absence of
free corona lobes) do not match any other known species. Based on its vegetative
characters it resembles the members of the section Coalitae, but without molecular

evidence no further discussion is possible.

TAXONOMIC IMPLICATIONS

Prestonia R. Brown, Asclepiadaceae 58. 1810, nom. cons. — Type: Prestonia tomentosa R.
Br., (Pre-print of: Mem. Wern. Nat. Hist. Soc. 1: 70. 1811). Ca. 58 species.

Lianas or vines; bark conspicuously suberose; latex white or translucent; stems with
intrapetiolar colleters. Leaves opposite, without colleters, glabrous or variously pubescent,
membranaceous to coriaceous or subcoriaceous, sometimes revolute at the margin.
Inflorescence a monochasial or dichasial cyme, axillary, terminal or subterminal, few- to
many-flowered, glabrous to variously pubescent, bracts scarious to foliaceous. Sepals 5,
free, diminutive to foliaceous, with one episepalous colleter at the base inside. Corolla
salverform, rarely infundibuliform, glabrous to variously pubescent, lobes dextrorsely
contort; annular corona usually present around the mouth, entire to variously lobed, 5 free
corona lobes usually within the staminal sectors of the tube, with the apices exserted or
deeply included, sometimes free corona lobes absent. Stamens included or with the apices
exserted, anthers connivent and agglutinated to the style-head, filaments short, densely
hirsute. Style-head spool-shaped; ovules many, several-seriate; nectary annular, variously
lobed, sometimes divided into 5 individual nectaries. Follicles 2, apocarpous, usually free
but united just at their apices, sometimes completely longitudinally united through
maturity, rarely winged, glabrous or variously pubescent. Seeds numerous, dry, truncate,

glabrous, comose at the microphylar end.
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The key to the sections in the new classification is based on the
morphological descriptions in the new monograph for the genus (Morales & Endress,
unpublished data).

KEY TO THE SECTIONS OF PRESTONIA
1. Intrapetiolar colleters usually conspicuous; corolla tube, abaxial surfaces of the corolla
lobes and follicles variously pubescent, the indument ferrugineous, brown, or

yellow... sect. Prestonia

1. Intrapetiolar colleters inconspicuous; corolla tube, abaxial surfaces of the lobes and
follicles glabrous, glabrescent, or sparsely puberulent, the indument green or
colorless ... 2

2. Leaf blades and sepals coriaceous to subcoriaceous; follicles somewhat woody... sect.

Denticulatae

N

. Leaf blades sepals and follicles membranaceous;... 3

w

. Annular corona inconspicuous, sometimes absent; corolla tube usually without free

corona lobes within (except P. pickelii) ... sect. Coalitae

w

. Annular corona conspicuous; corolla tube with free corona lobes within ... 4

N

. Sepals without visible veins, the apices reflexed or not reflexed; follicles free, but usually
united at the tips (at least when young), rarely connate (P. quinquangularis) . . .
sect. Haemadictyon

SN

. Sepals with the veins conspicuously impressed, the apices not reflexed; follicles usually

connate longitudinally ...5

(62}

. Corolla lobes 18-34 mm long, the tube 20-36 mm long... sect. Mollis

(62}

. Corolla lobes 6-14 mm long, the tube 9-17 mm long... sect. Exsertae

Sect. Coalitae Woodson, Ann. Missouri Bot. Gard. 23: 278 1936. Sect. Rhaptocarpus
Pichon, Mém. Mus. Natl. Hist. Nat., B, Bot. 1. 27. 1951, nom. illeg. Type:
Prestonia coalita (Vell. ) Woodson, Ann. Missouri Bot. Gard. 18: 552. 1931.
Echites coalitus Vell., FI. Flumin. 112. 1825[1829].

Prestonia coalita (Vell. ) Woodson, Ann. Missouri Bot. Gard. 18: 552. 1931.
Prestonia dusenii (Malme) Woodson, Ann. Missouri Bot. Gard. 18: 552. 1931.
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Prestonia ornata (Hoehne) J. F. Morales & M.E. Endress, Taxon 000: 000. 2017.
Prestonia pickelii Markgr., Notizbl. Bot. Gart. Berlin—Dahlem 14: 129 1938.
Prestonia solanifolia (Mull. Arg.) Woodson, Ann. Missouri Bot. Gard. 23: 282 1936.

Sect. Denticulatae J. F. Morales, M. Endress & Liede, sect. nov. — Type: Prestonia
denticulata (Vell.) Woodson, Ann. Missouri Bot. Gard. 23: 284. 1936. Echites
denticulatus Vell., Fl. Flumin. 110. 1829.

Prestonia amabilis J. F. Morales, Sida 21: 161, f. 1. 2004.

Prestonia amazonica (Benth. ex Mill. Arg.) J. F. Macbr., Publ. Field Mus. Nat. Hist., Bot.
Ser. 11: 34. 1931.

Prestonia antioquiana J. F. Morales & Liede, Phytotaxa 265: 207, f.2A, 3A; f. 4. 2016.

Prestonia denticulata (Vell.) Woodson, Ann. Missouri Bot. Gard. 23: 284. 1936.

Prestonia haughtii Woodson, Ann. Missouri Bot. Gard. 35: 235. 1948.

Prestonia leco A. Fuentes & J. F. Morales, Novon 20: 278, f. 1. 2010.

Prestonia lenticellata A. H. Gentry, Ann. Missouri Bot. Gard. 61: 896. 1974.

Prestonia lindleyana Woodson, Bull. Torrey Bot. Club 60: 392. 1933.

Prestonia macroneura Woodson, Ann. Missouri Bot. Gard. 23: 321. 1936.

Prestonia megagros (Vell.) Woodson, Ann. Missouri Bot. Gard. 21: 623. 1934,

Prestonia plumierifolia Markgr., Notizbl. Bot. Gart. Berlin—-Dahlem 10: 1038. 1930.

Prestonia robusta Rusby, Descr. S. Amer. PI. 91. 1920.

Prestonia rotundifolia K. Schum. ex Woodson, Ann. Missouri Bot. Gard. 23: 318. 1936.

Prestonia trifida (Poepp.) Woodson, Bull. Torrey Bot. Club 60: 392. 1933.

Prestonia vana Woodson, Ann. Missouri Bot. Gard. 23: 323. 1936.

Sect. Exsertae J. F. Morales, M. Endress & Liede, sect. nov. Type: Prestonia exserta (A.
DC.) Standl., J. Wash. Acad. Sci. 15: 460. 1925. Haemadictyon exsertum A. DC.,
Prodr. 8: 426.1844.

Prestonia didyma (Vell.) Woodson, Ann. Missouri Bot. Gard. 23: 308. 1936.
Prestonia exserta (A. DC.) Standl., J. Wash. Acad. Sci. 15: 460. 1925.
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Prestonia falcatosepala J. F. Morales, Candollea 59: 162, f. 3. 2004.
Prestonia folsomii J. F. Morales, Novon 6: 285, f. 1. 1996.
Prestonia parvifolia K. Schum. ex Woodson, Ann. Missouri Bot. Gard. 23: 302. 1936.

Sect. Haemadictyon K. Schum., Nat. Pflanzenfam. 4: 188. 1895. Sect. Acutifoliae
Woodson, Ann. Missouri Bot. Gard. 23: 284. 1936, nom. illeg. Type: Prestonia
acutifolia (Benth. ex Mull. Arg.) K. Schum. Nat. Pflanzenfam. 4: 188. 1895.
Haemadictyon acutifolium Benth. ex Mull. Arg. Fl. Bras. 6: 167. 1860.

Sect. Annulares Woodson, Ann. Missouri Bot. Gard. 23: 296. 1936. Type: Prestonia
annularis (L.f.) G. Don, Gen. Hist. 4: 84. 1837. Echites annularis L.f., Suppl. PI.
166. 1781[1782].

Prestonia annularis (L. f.) G. Don, Gen. Hist. 4: 84. 1837.

Prestonia boliviana J. F. Morales & A. Fuentes, Sida 21: 166, f. 1. 2004.

Prestonia cayennensis (A. DC.) Pichon, Mém. Mus. Natl. Hist. Nat., B, Bot. 1: 25. 1951.
Prestonia cyaniphylla (Rusby) Woodson, Ann. Missouri Bot. Gard. 23: 284. 1936.
Prestonia lagoensis (Mll. Arg.) Woodson, Ann. Missouri Bot. Gard. 23: 293. 1936.
Prestonia longifolia (Sessé & Moc.) J. F. Morales, Novon 6: 287. 1996.

Prestonia marginata Markgr., Notizbl. Bot. Gart. Berlin—Dahlem 9: 88. 1924.
Prestonia papillosa (Mull. Arg.) J. F. Morales, Candollea 59: 161. 2004.

Prestonia portobellensis (Beurl.) Woodson, Ann. Missouri Bot. Gard. 18: 553. 1931.
Prestonia quinquangularis (Jacqg.) Spreng., Syst. Veg. [Sprengel] 1: 637. 1825[1824].
Prestonia vaupesana Woodson, Bot. Mus. Leafl.18: 178. 1958.

Sect. Mollis J. F. Morales, M. Endress & Liede, sect. nov. — Type: Prestonia mollis Kunth,
Nov. Gen. Sp. (quarto ed.) 3: 221, t. 242. 1818[1819].

Prestonia mollis Kunth, Nov. Gen. Sp. (quarto ed.) 3: 221, t. 242. 1818[1819].
Prestonia cordifolia Woodson, Ann. Missouri Bot. Gard. 23: 352. 1936.
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Sect. Prestonia. Sect. Tomentosae Woodson, Ann. Missouri Bot. Gard. 23: 344. 1936,
nom. illeg. Type: Prestonia tomentosa R. Br., Mem. Wern. Nat. Hist. Soc. 1: 70.
1811.

Sect. Tetraceras Pichon, Mém. Mus. Natl. Hist. Nat., B, Bot. 1: 26. Type: Prestonia
parviflora (Benth.) Benth. & Hook. f., Gen. PI. 2: 709. 1876.

Prestonia acrensis J. F. Morales, Acta Amazon. 34: 669. 2004.

Prestonia bahiensis Mull. Arg., Fl. Bras. 6: 164. 1860.

Prestonia calycina Mill. Arg., Fl. Bras. 6: 162. 1860.

Prestonia clandestina J. F. Morales, Novon 7: 60 1997.

Prestonia cogolloi J. F. Morales, Anales Jard. Bot. Madrid 64: 148, f. 1. 2007.
Prestonia hammelii J. F. Morales, Novon 7: 60. 1997.

Prestonia ipomaeifolia A. DC., Prodr. 8: 429. 1844.

Prestonia megagros (Vell.) Woodson, Ann. Missouri Bot. Gard. 21: 623 1934.
Prestonia mexicana A. DC., Prodr. 8: 429. 1844.

Prestonia mucronata Rusby, Descr. S. Amer. Pl. 90.1920.

Prestonia parviflora (Benth.) Benth. & Hook. f., Gen. PI. 2: 709. 1876.
Prestonia premontana J. F. Morales, Anales Jard. Bot. Madrid 64: 150, f. 2. 2007.
Prestonia racemosa J. F. Morales, Anales Jard. Bot. Madrid 64: 153, f. 3. 2007.
Prestonia riverae J. F. Morales, Novon 7: 63, f. 1. 1997.

Prestonia schumanniana Woodson, Ann. Missouri Bot. Gard. 23: 364. 1936.
Prestonia seemannii Miers, Apocyn. S. Am. 146. 1878.

Prestonia speciosa Donn. Sm., Bot. Gaz. 27: 435. 1899.

Prestonia surinamensis Mull. Arg., Linnaea 30: 433. 1860.

Prestonia tomentosa R. Br., Mem. Wern. Nat. Hist. Soc. 1: 70. 1811.

Prestonia tysonii A. H. Gentry, Ann. Missouri Bot. Gard. 61: 895. 1974.
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