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SUMMARY

The tribe Guettardeaevgell known as an enigmatic group in Rubiac€aechonoideae when
it comes to gstematics anthxonomy. It haseceived limited attention in phygenetic studies
thatonly provided reference phylogenies with moderate species coyetaighelucidated the
expansion of its tribal boundaries, as well as the necessityctcrenscribe some of its gera.

In the Paleotropics, Guettardeae are represdnt@a. 260 pecies that are mosthjioecious
(~99%). These dioecious species are currently orgariie six genera, two of whicAntirhea
and Timonius are the focus of this study. The attempt tallemge or further explore the
circumscriptions of these genera in a phylogenetic context usingualear (ETS, ITS) and
threechloroplast tpB-rbcL, rps16 trnT-F) regionswas made to slowly fill the gaps in the

current knowledge of tribe Guettardeae.

For over two centuries, the generic circumscriptioAtirheahas been subject to debate. Its
taxonomy has historically been hampered by the varied application of a restricted suite of
morphological characters and the different opinions on its geagedgrovenance. Earlier
authors have assumédtirheato have a tranPacific distribution without considering plant
sexuality, while most recent workers have restricted the genus to contain only dioecious species
that should either be exclusive to the ddarene Archipelago or to the entire Irflacific
region. The results of some phylogenetic studies, however, have still suggestedithatis
nornrmonophyletic, despite alreadpplyinga more limited generic concept. Guided by this
premise, the phylagny ofAntirheawas reconstructed with an increased sampling. The findings
support its confinement to the Paleotropical Kingddnt also confirming its unnaturalness.

The species oAntirheawere recovered in three wallipported clades that were regarded as
distinct genera: the much strictekntirhea s.s with three species, the new genus

fAchilleanthus with severspecies and the resurrectedettardellawith twenty-nine species.

Timonius with 185 species, is perhaps the easiest to identify among Paleotropical
representatives of Guettardeae. The combi nae
aestivation and drupes with free pyrenes had been widely accepted as its defining feature for
past a cetury. Regardless, specigsh genera in Rubiaceae that were charactebyeuanited

morphological features were often predisposed to be- parpolyphyletic. To resolve the



uncertainty, a representative selection of species traditionally assign@dnaomius was
analyzed; and as a result, the genus was retrieved to be strongly polyphyletic which suggested
the need to partially redefine its generic concept. The Australian endemicAjgrmitsawas
resurrected with an amended diagnosis to accommodate species previously assigned to
subgenAbbottia The genusiLakapatiphytoowas proposed t o contain
dioecismadpressed foliaceous stipules, monomorphic staminate and litilnflorescences

having trt to tetramerous flowers with imbricate corollas.

Lastly, a precursor for a comprehensive revision of Philipfgineoniuswas provided. The
taxonomic work was based on herbarium specimens with benefitssafi observatios. A
total of eightspecies novelties were recognizéddlejandroanusT. dumagatT. nolitangere
T. pseudoarboreyd'. ridsdalej T. spesvitarum T. stevendarwiniandT. sulitii), two species
(T. panayensisand T. philippinensi} were treated as ospecific wth other weHldefined
species, onspecieqT. nitidug was (re) excludedfrom the Philippine flora and orspecies
(T. quadrasij was transferred to the genitidsdaleaof tribe Gardenieae of subfamily
Ixoroideae. Furthermore, the phylogenetic resultsTforoniusindicated that twespecies T.
appendiculatugndT. pachyphyllusmust be transferred #bbottia while severspeciesT.
auriculatus T. longiflorus T. obowatus [=T. rotundug, T. oligophlebius T. samarensisT.
trichiophorus [=T. hirsutu$4 and T. urdanetensjs have to be accommodated in

AlLakapatiphyton.



ZUSAMMENFASSUNG

Die Tribus Guettardeae ish Bezug auf ihre&Systematik und Taxonomgds kaum erforschte
Gruppe derRubiaceagCinchonoideae bekannt. Diese Pflanzen haben insbesondere in
phylogenetischen Studien nur begrenzte Aufmerksamkeit gefunden und die
Referenzphylogenien basieren auf einer geringen Anzahl untersuchter Arten, die die
Abgrenzung der Tribus erschwerten sowie die Notwendigkeit von Neuumschreibungen einiger
ihrer Gattungen verdeutlichen. In der Paléotropis sind die Guettardeae mit ca. 260 Arten
vertreten, die zu 99% als diozisch gelten, Diese zweihausigen Arten sind derzedhs
Gattungen klassifiziert, zwei davoAntirhea und Timonius stehen im Mittelpunkt dieser
Studie. Der Versuch, mit Hilfe von zwei Ker(ETS, ITS) und drei Chloroplastenregionen
(atpB-rbcL, rpsl6, trnFF), die bisherige Klassifikation in einem phylaoggischen Kontext zu
Uberprifen bzw. anzupassen, war vor dem Hintergrund diesess liickenhaften Wissens Uber die

Tribus Guettardeae notwendig geworden.

Seit Uber zwei Jahrhunderten wird die Gattungsumschreibungdntirnea diskutiert. lhre
Taxonomie wurdehistorisch durch die unterschiedliche Bewertung einer ohnehin nur
begrenzten Anzahl morphologischer Merkmale sowie abweichenden Angaben zu
geographischen Herkinften erschwert. Frihere Autoren betonten die Bedeutung einer trans
pazifischen Verbreitung furad Gattungskonzept vaintirhea ohne dabei die Sexualitat der
Pflanzen zu berlcksichtigen. Die meisten aktuelleren Bearbeiter betraétiizaadagegen

als eine Gattung die ausschlief3lich di6zische Arten enthdalt, die entweder ausschlief3lich im
Maskaenischen Archipel oder im gesamten Indopazi&kum vorkommen sollen. Die
Ergebnisse einiger phylogenetischer Analysen deuteten jedoch bereits darauf hin, dass
Antirhea selbst bei Anwendung eines engeren Gattungskonzeptbs, monophyletisch ist.
Ausgelend von dieser Pramisse wurde die PhylogenieArtitheamit Hilfe einer héheren
Probenzahl rekonstruiert. Die Ergebnisse unterstitzen ihre Beschrankung auf das
Paléotropische Florenreich und bestatigen gleichzeitig ihre Unnatirlichkeit. Die Arten von
Antirhea fielen in drei gut unterstitzte Kladen, die nun als unterschiedliche Gattungen
betrachtet werden: die sehr viel enger gefal8térhea mit nur noch drei Arten, die neue
Gattung AAchilleanthug mit sieben Arten und die wieder anerkan@aettardellamit 29

Arten.



Timoniusist mit 185Arten unter den palaotropischen Vertretern der Guettardeae vielleicht am
einfachsten zu identifizieren. Die Kombinati
Aestivation der Blutenkrone und Steinfriichten mit frest@inkernen war in den vergangenen
hundert Jahren weithin als ihre charakteristische Merkmalskombination akzeptiert worden.
Ungeachtet dessen waren artenreiche Gattungen der Rubiaceae, die sich durch eine begrenzte
Anzahl morphologischer Merkmale auszeieten, geradezu préadisponiert daftr, pader
polyphyletisch zu sein. Um die Unsicherheiten zu beseitigen, wurde eine représentative
Auswahl von Arten analysiert die tradition€lmoniuszugeordnet wurden. Im Ergebnis konnte
gezeigt werden, dass die @aig stark polyphyletisch ist, was die Notwendigkeit einer
teilweisen Neudefinition ihres Gattungsbegriffs nahelegte. Es wurde die australische
endemische Gatturpbottia mit einer abgeanderten Diagnose wiedereingesetzt, um die Arten
aufzunehmen, die zov in der Timoniussubgen.Abbotia klassifiziert waren. Die Gattung

A akapatiphytofi wurde fiir solche Arten eingerichtet, die durch fakultative (unvollstandige)
Dioezie, angedriickte und wohlentwickelte Stipeln, monomorphe ménnliche und weibliche
Blltenstade mit tri bis tetrameren Bliten und Gberlappender Knospendeckung charakterisiert

sind.

Schlief3lich wurde ein Vorlaufer fur eine umfassende Revision des philippiniSamemius
erarbeitet Die taxonomische Arbeit basierte auf Herbarexemplareremgédnzenden-situ-
Beobachtungen. Insgesamt wurdsait neuédrten anerkannt T. alejandroanus, T. dumagat,
T. nolitangere, T. pseudoarboreus, T. ridsdalei, T. spesum, T. stevendarwiniind T.
sulitii), zweiArten (T. panayensiandT. philippinensiswurden alsSynonymezweierandere,
gut umschriebenekrten behandelgineArt (T. nitidug wurde (erneut) aus der philippinischen
Flora ausgeschlossen uathe Art (T. quadrasi) wurde in de GattungRidsdaleader Tribus
Gardenieae(Ufam. Ixoroidea@ Uberihrt. Darliber hinaus zeigten die phylogenetischen
Ergebnisse flifimonius dassauch noch zwelrten (T. appendiculatusind T. pachyphyllus

in Abbottiatbertragen werden mussen, wahrsmenArten (T. auriculatus, T. longiflorus,
T. obovatug=T. rotundu$ T. oligophlebius, T. samarensis, T. trichophdri. hirsutu$ und

T. urdanetensjsnachA_akapatiphytofi zu Ubertragen sin



PART A

SYNOPSIS






I
GENERAL INTRODUCTION

A. The Rubiaceae

Rubiaceae Juss., commonly known as the madder or coffee fasnilye fourth largest
flowering plant family (Davis &al., 2009) that isurrently comprised ofa. 600genera ane
14,000species (Govaerts et alQ20). The Rubiaceae mmorphologically distinct from its sister
families, i.e. Apocynaceae, Gelsemiaceae, Gentianacaeae, Loganiaceae, and its morphyly ha
never been disputed. Members of this spegadsfamily are urfied by oppositedecussate
leaves, rarely whorled, presence of interpetiolar stipules, actinomorphic flowers and inferior
ovaries (Robbrecht, 1988; Davis et al., 2009). Although cosmopolitan, the bulk of Rubiaceae
species are primarily distributed in thhegics and dominate the understorey of forests, where
they make up an important component of the vegetation (Robbrecht, 1988). Only few are
notable for their soci@conomic use, such &offeal. (crop: coffee),Cinchonal. (drug:

quinine),RubialL. (dye)andlixora L. as well asGardeniad.Ellis (ornamentals).

The present understanding of the infrafamilial systematics of Rubiaceae at different lsvels ha
been greatly influenced by phylogenetic studies publishethe past decadesnd hawe
providedreasmable and robust definition of the relationships of various lineages in the family
(Wi kstrom et al , 2020) , and have challenged
largest genera (Davis et al., 2009), includi@anthium Lam. (Lantz et al., 2002
Razafimandimbison et al., 2009; Arriola et al., 201&alium L. (Ehrendorfer & Barfuss,
2014),GuettardaL. (Achille et al., 2006)Ixora (Mouly et al., 2009)Mussaendd&urm. ex L.
(Alejandro et al., 2005)QOldenlandia L. (Groeninckx et al., 2009; Guet al., 2013),
OphiorrhizaL. (Razafimandimbison & Rydin, 2019psychotrialL. (Nepokoreff et al., 1999)
andTarennaGaertn. (De Block et al., 2015). However, uncertainties still remain when it comes
to the relationshipwithin some of the recognized tab (Wikstrom et al., 2020) just like the

poorly studied Guettardeae.



B. Tribe Guettardeae

The tribe GuettardeaDC., with ca. 20 genera and@40 speciess one of the controversial
groups within the Rubiaceae. Its circumscription has long been a subject of debate (e.g.
Candolle, 1830; Bentham & Hooker, 1873; Schumann, 1891; Verdcourt, 1956; Bremekamp,
1956; Robbrecht, 1988; Bremer et al., 1995; Rova.g2@02, 2009; Manns & Bremer, 2010)

and stability of its taxonomy has been viewed to be far from being achieved (Taylor & Gerau,
2010). This morphologically diverse tribesa predominantly Neotropical distribution with
some taxa reaching the Pacifislands, Tropical Australia, New Guinea, Southeast Asia,
Taiwan, Hong Kong, Southern China, tinelian Ocean and the coast abpical East Africa
(Manns & Bremer, 2010; Manns et al., 201R Candolle (1830) originallgircumscribed
Guettardeaeacleme@Buenittehr dt wo subtri bes, Mor ir
united by drupaceous fruits bearing 2 to 10 pyrenes, each with terete seeds. In this scheme,
Guettardeae included 27 genefantirhea Comm. ex A.JussCanthiumLam. (asDondisia

DC.), ChioneDC., CoelospermunBlume, CuvieraDC., Erithalis P.Browne,Guettardal.,
Gynochthode8lume (also astigmanthud.our.), Hydnophytundack,HypobathrumBlume,

Ixora L. (asMyonimaComm. ex A.Juss.},asianthuslack (ad.itosantheBlume, Mephitidia

Reinw. ex Blume an@ctaviaDC.), LeptordermidDC., MalaneaAubl., MitchellaL., Morinda

L., MyrmecodiaJack, Nertera Banks ex Gaertn.Palicourea Aubl. (as Nanotelia Aubl.),
PsychotriaL. (asPsathuraComm. ex A.Juss.Ryrostria Comm. ex A.JussRetinighyllum

Bonpl., SpermadictyorRoxb. (asHamiltonig), StenostomunC.F.Gaertn.,StrumpfiaJacq.,
TimoniusRumph. ex DC. (includinBobeaGaudich.) an&/anguerialuss. (also asncylanthos
Desf.). Later, Bentham and Hooker (1873) proposed a different clasisificand reduced
Guettardeae to 11 genera that exhibit imbricate or valvate ®rokarted stamens, thickened
funicle and noralbuminous seeds or only in traces. This redefined concept of Guettardeae was
followed by Schumann (1891).

Verdcourt (1956and Bremekamp (1966), who are the pAmevers for a modern subfamilial
classification in Rubiaceae, treated Guettardeae within the monotribal subfamily
Guettardoideaenom. illeg.According to these authors, the tritsewithout doubt be better
treated m a subfamily of its own because of the exalbuminous seeds and presence of calcium
oxalate crystals in the wall of the trichomes. Robbrecht (1988) published a rather more
comprehensive systematic treatment of Rubiacaae treated Guettardeae subfamily

Antirheoideae. This classification was laskiownas unnatural by molecular data, transferring

8



Guettardeae to subfamily Cinchonoideae (Bremer et al., B9@iyas affirmed by subsequent
studies (e.g., Robbrecht & Manen, 2006; Bremer & Eriksson, 2009nd/&arBremer, 2010;
Rydin et al., 2017; Wikstrom et al., 2020).

The phylogenetic studies of Rova et al. (2002, 2009) and Manns and Bremer (2010) have also
indicated to extend the tribal limits of Guettardeae to accommodate several genera previously
placed by Robbrecht (1988) in the tribes Chiococceae, Isertieae and Rondeletieae (i.e.
Allenanthus Standl., Arachnothryx Planch., GonzalaguniaRuiz & Pav., Hodgkinsonia
F.Muell.,RogieraPlanch.). Achille et al. (2006), in a phylogenetic stud@oéttardaincluding

other core Guettardeae genera (ifmtirheg Bobea ChomeliaJacq.,Malaneg Neolaugeria
Standl.,OttoschmidtiaUrb., Pittoniotis Griseb.,Stenostomumilimoniug, analyzed the ITS
nrDNA region for 42 taxa and found that several genera are polyphyleticA(itehea
Guettarda Stenostomujn which casted more problems to an already taxonomically chaotic
Guettardeae. It is important to note that these polyphydetnera play a critical role in the
systematics of Guettardeae (Achille et al., 2006), since most of the species circumscribed within
the tribe have been associated to these genera by earlier authors (e.g., Lamarck, 1792; Persoon,
1805; Bentham & Hooker,873; Baillon, 1879; Schumann, 1891; Guillaumin, 1930, 1948).
Thus, their unresolved status is postulated to further-dlmmn taxonomic progress for the

tribe.

In the Paleotropicssensu Takhtajan (1986), the ca. 260 species circumscribed within
Guettardea are dioecious, witBichilanthe borneensiBalill., D. zeylanicus'hwaitesand the
transPacific Guettarda speciosh. as exceptions. The dioecious sjgs are further assigned

to six genera, namelyntirhea Bobea Guettarda(New CaledoniaseeAchille et al., 2006),
Hodgkinsonia Timoniusand TinadendronAchille (Fig. 1). These are differentiated based on
dioecy-condition, dimorphism of inflorescences and/or flowers, bract/bracteole shape, corolla
lobe aestivation, petal fusion, pollen architecturgnsétic arm shape and pyrene fusion (Table

1; Mueller, 1861; Valeton, 1909; Darwin & Chaw, 1990; Chaw & Darwin, 1992; Darwin, 1993,
1994, 1997, 2010; Achille 2006). These genétadgkinsonianot included) were recovered

by Achille et al. (2006) in their Reotropical dioecious clade, whiBobeawas retrieved as
sister to a clade containin@uettarda crispfloravahl. andG. hirsuta(Ruiz & Pav.) Pers.
Nevertheless, the retrieval of the Paleotropical dioecious clade is very intriguing because of its

poor reslution which did not ascertain the naturalness of the included genera.
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C. The GenusAntirhea Comm. ex Juss.

Antirhea (Fig. 1A B), in its current circumscription, is distributed from the Mascarene
Archipelago, southern China including Hong Kong, Malesia and Melanesia to Tropical
Australia and the island of Samoa. Its 37 species are elesilgitedfrom other Paleotropita

dioecious Guettardeae by teclusivecombination of imbricate corollas and drupes with fused
pyrenes forming a ligneous endocarp refet@ds putamen (Chaw & Darwin, 1992). The
circumscription of the genus has been a subject of disputes for cerftiamearck, 1792;

Bentham & Hooker, 1873; Schumann, 1891; Jansen, 1984; Chaw & Darwin, 1992). In its
original description (Jussieu, 178®#ntirheawas distinguished by whorled phyllotaxy; 4

merous flowers, subsessile and inserted anthers and coronate wtip2 singleseeded fused
pyrenes. This descripti 8aoisdeveseadb & s @edn R®omi tome
that was later named by Gmelin (1791padorbonical.F.Gmel. Lamarck (1792) contradicted

the distinctiveness dintirheaand treged it as congeneric with the Neotropidddhlaneg but
deCandoll e (1830) opposed this view and rever
then proposed the genGaiettardellaChamp. ex BenthG. chinensi€Champ. ex Benth. and

G. philippinensisBenth.), which also has-#erous flowers and fused pyrenes. Realizing the

close morphological association of @siettardellawith Antirhea(Bentham, 1867), Bentham

and Hooker (1873) synonymized the genusAatirheg together with the Neotropical
Pittonictis and StenostomumniThis taxonomic decision gavantirheaa broad definition that
encompasses hermaphroditic and dioecious &uleihe taxa exhibiting #o 5merous flowers

with 2- to 3-lobed stigmas and drupes bearing 2 to 10 locular putamen.

Y F ilgRepresentative species of the Paleotropical dioecious genera of Guettérdeae:
Antirhea borbonical.F.Gmel. (credit: Sophie LeguilB, Antirhea chinensigChamp. ex
Benth.) Benth. & Hook.f. ex F.B.Forbes & Hemsl. (credit: Nelson SpBobea sandwiaesis
(A.Gray) Hillebr. (credit: David Eickhoff)D, Guettarda glabrescengSchltr.) Guillaumin
(credit: Sigrid LiedeSchumann)E, Hodgkinsonia ovatiflora=.Muell. (credit: Janis Laraine
Cossill); F, Timonius auriculatusverr. (credit: Jayson G. ChaveZ3;, Timonius flavescens
(Jacq.) Baker (credit: Cerlin Ngit, Timonius lanceolatuserr. (credit: Jayon G. Chave1);
Timonius singularigF.Muell.) L.S.Sm. (credit: Andreas Lambrianided);Timonius timon
(Spreng.) Merr. (credit: Cameronls, Tinadendron noumeanur(Baill.) Achille (credit:

Bernard Suprin).
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Jansen (1984), who conducted a survey of Paleotrofsitaheg restricted its distribution in

the region to the Mascarene apdlago with two speciesA( bifurcata (Desr.) Benth. &
Hook.f, A. borbonic3, while the remaining species from the Pacific region were
accommodated to the resurrect@&dettardella Aside from geographical provenance, the
redefined circumscription ofntirhea presented bylansen (1984) was based on sexuality
(hermaphrodite inAntirhea versus dioecious inGuettardellgd, number of flowers per
inflorescence (8to 30flowered inAntirheaversus 3to 14flowered staminate inflorescences

and 1 to 3-flowered pistillate inflorescences @Guettardellg and number of locules per ovary

(2 to 3 inAntirheaversus 3 to 14 iGuettardelld. Jansen (1984) also considered two informal
groups withinGuettardella species with large fruits and species with sendfuits. Chaw and
Darwin (1992) refuted the taxonomic findings of Jansen (1984), alndgedGuettardellain
Antirheaand argued that the Mascarene species are actually dioecious. This seminal work of
Chaw and Darwin (1992) had also redud&ctirhea to the Paleotropics, suggesting that
Neotropical species are better placeRiitoniotisor Stenostomuinecause of hermaphroditism

and pollen architecture, which was followed by Borhidi and Fernandez (1995). Aside from this,
three subgenera were proposed fmtirheg these areA. subgenAntirhea A. subgen.
MesocarpaandA. subgen Guettardellathat are differentiated from each other based on the
presence of crystals on abaxial leaf venation, branching pattern of staminate and pistillate
inflorescences, maber of flowers per inflorescence, presence of bracts, mesocarp type and
geographical provenance (Chaw & Darwin, 1992). Despite the restrictidntoheato the
Paleotropics, the nrDNAased phylogeny of Achille et al. (2006) elucidated that the
circumsciption of the genus remains unnatural, which was also suggested by Manns and
Bremer (2010). Nevertheless, these molecular studies were unable to provide taxonomic

resolutions.

D. The GenusTimonius Rumph. ex DC.

Timonius (Fig. 1H J) is the largest geis in Guettardae and one of the specigsh in

Rubiaceae (Davis et al., 2009 he genus is comprised of 18pecies (Govaerts et al., 2020),

while Darwin (2010) and Chen et al. (2015) have estimated it to contain 200 to 300 species.
Morphological variation of species circumscribed to the genus is significantly high, but can be
straightforwardly identified by ## combi nat i on of -twplevwatcecormilr

aestivation and fruits bearing multiple and free sirggeded pyrenes. The genus has a
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Paleotropical distribution, with New Guinea, the Philippines and Borneo as its primary centers
of diversity. The usage odfimoniusas a generic namieas been compounded in botanical
literature (e.g.de Candolle, 1830; Korthals, 1851; Bentham & Hooker, 1873; Schumann, 1891)
that led to its conservation against earlier narBesneyaCham. & Schltdl. HelosporaJack.,
PolyphragmonDesf. andPorocarpusGaertn. The name of its type speciestimon(Spreng.)

Merr., has also been conserved (Rickett & Stafleu, 1960) perhaps due to the discordant opinions
surrounding the limits of priority for the epithet. The first extensiverreat forTimoniuswas

made by Valeton (1909) with species that are predominantly distributed in the Dutch East
Indies. The morphological characterizationTafnoniuspresented in this work had survived
essentially unchanged up to the present time, angroagpted authors to attribute to the genus

all Paleotropical dioecious Guettardeae taxa (excluding Hawaiian species) bearing free pyrenes,
without taking into account other phenotypic features (e.g., Wernham, 1916, Merrill, 1923,
Merrill & Perry, 1945; Snth, 1957, Darwin, 1983, 1994).

The unquestioned generic boundaries Tahonius had also led some authors to define
infrageneric groupings, despite the relatively small number of species involved and limited
geographic coverage of their studies. Valett®0Q) divided the genus into three sectiobased

on stipule aestivation, pyrene number and orientation. Howevelpuigedthe value of his

owhn i nfrageneric Ich lege sdiegemn drei tSectiomen &einent grofiem : f
wi ssenschaf t |[Englitheranslafimii it dei n@t put valueen muc h
these three sectioms] ( Val et on, 19009: 23), which became
subsequent work onapuasian species (Valeton 1927). For his part, Wong (1988) classified
Timoniusfrom the Malay Peninsula into three informal groups based on leaf venation, corolla
aestivation and whether the pyrenes are immersed in a hard matrix or not. Subsequently, Darwi
(1993, 1994, 1997, 2010), who was to some extent influenced by the work of Valeton (1909),
published a series of seminal studies that partly dividethniusinto three subgenera and an
alliance of species related 1o flavescengJacq.) Baker. His woskrelied on habit, stipule
aestivation and leaf venation. It is worth noting that one of his subg@nerggen Abbottia

(29 species), is typified by. singularis(F.Muell.) L.S.Sm., which is also the type of the
Australian and monotypic gen@bbottialF.Muell. This genus was recognized to be distiryct
Schumann (1891) and Bailley (1900), but treated as congendrimtmiusby Smith (1957).
Nevertheless, the infrageneric classifications proposed by these authors may not be widely
applicable, since its important to first ascertain the naturalnessrohonius as currently

circumscribed.
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Only few species ofimoniushave been included in phylogenetic studies, and all of those have
dealt on other taxonomic issues (Achille et al., 2006; Pessoa, 2018e studies, however,
provided tangential views regarding the phylogenetic statdgadnius Achille et al. (2006)
having sampled five species, suggested Tiraioniusis monophyletic, while Pessoa (2016)
elucidated that it is polyphyletic despite imding only two species. To further complicate the
classification of Timonius there are some morphologically odd members of Guettardeae
discovered from the Philippines (Publication 2, figure 4) that possess free pyrenes, but exhibit
Al eakyo di &€Eax,il384), achAradkeethiat was never reported to exist in the genus.
These enigmatic elements are morphologically allied to a grodpnmadniusendemic to the
archipelago (e.gT. auriculatusMerr., T. samarensiMerr., T. trichophorusMerr.). To ob&in

a clear view on character evolution and biogeographical history, it is necessappnstruct

the phylogeny offimoniuswith a larger sampling to evaluate its generic circumscription with

more certitude.

E. Aims of the Research

This thesis ulizes taxonomic and phylogenetic information to investigate in detail the
circumscriptions of the Paleotropical dioecious genera of tribe Guettardeae, with particular
interest onAntirheaandTimonius Although it is clear that the current delimitationfaftirhea

is unnatural, no attempts have been made to resolve its taxonomy. On the other hand, the
phylogenetic status dfimoniusneeds to be further explored, since the hypotheses presented
by previous studies have relied on limited sampling. Tihdings of this endeavor will
contribute towards a more taxonomically stable Guettard@aghermore, this study will also

serve as a basis for further studies regarding the biogeography of the tribe, the evolution of
dioecy, andothercomparative studgewith other monophyletic rubiaceous genétance, this

study specifically aims to:

1. re-construct the phylogeny @fntirheaand Timoniusby using molecular sequence data
from three chloroplastfpB-rbcL, rps16 trnT-F) and two nuclear (ETS, IT$@gions, with
integration of a greater number of taxa,

2. determine the generic status of two Philippine Guettardeae species that are sexually

polymorphic and bear drupes with free pyrenes,
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3. evaluate morphological features to produce pragmatic gereeaicangements for some

taxa without contradicting their molecular affinities, and

4. provide a precursor for@mprehensive revision of Philippifémonius
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1
M ATERIALS AND METHODS

A. Plant Samples (Publications 1 and 2)

A total of 121 operational taxonomic units (OTUs) were included in the phylogenetic analyses.
For tribe Guettardeae, all of its genera (Manns & Bremer, 2010) were included in the ingroup,
except for the bitypic and Paleotropical monoecious géddakilanthe Thwaites, due to
difficulties in obtaining DNA material from herbarium accessions. All the Paleotropical
dioecious genera of Guettardeae were represented. The entirety of this study represented the
Paleotropical dioecious genera with 85 OTUs that oheldntirhea (23 OTUs),Bobea(3
OTUSs), Guettarda(New Caledonia, 4 OTUsHodgkinsonia(1l OTU), Timonius(50 OTUSs)
andTinadendron( 2 OTUs) . Two adkdpatiphytom feom th€© Fhiligpineg i
were also included. Majority of the nucleotide seqesnaitilized for the phylogeny
reconstructions were obtained for the purpose of this study, while a fewdvwaeve from
previous worksandobtained from NCBIGenBank (e.g., Achille et al., 2006; Rova et al., 2009;
Manns & Bremer, 2010; Paudyal et al., 20I®)e OTUs selected as outgroup were based on
Manns & Bremer (2010).

B. Molecular Protocols (Publications 1 and 2)

Total DNA was extracted from siliedried or herbarium materials following the 2x CTAB
mini-prep procedure (Doyle &oyle, 1987) using Carlson lysis buffer (Carlson et al., 1991),

and purified with NucleoSpin Extract Il (MacheRagel, Germany). For recalcitrant materials,

the lysis buffer was supplemented with 15%6 b-mercaptoethanol to eliminate secondary
metabolies (e.g., tannins and polyphenols)ihaibit downstream reactionshe nuclear (ETS

& ITS) and chloroplastatpB-rbcL, rps16& trnT-F) regions were amplified using previously
published primers (Taberlet et al., 1991; Liden et al., 1995; Baldwia&os, 1998; Popp &

Oxelman, 2001; Razafimandimbison & Bremer, 2002; Shaw et al., 2005; Rydin et al., 2008).
The amplification reaction of the nucl ear r €
H20, 2.5 eL 10x PCR butfelraclli.&a&f ¢10 28M mpr iMgé
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di met hyl sul foxide, 1 €L bovine Jagpolymeragd) bumi n
using the thermocycler profiles of Tosh et al. (2013) and Alejandro et al. (2005). For the
chloroplast regions, amplification was performiech 50 €L v ol vOme 5( 2e4L. 2150 x¢
PCR bufferz &. 3LeMg&€dch of 10 mM primers, 5
0.5 €L bovine serum al bumfiagpolynterase)lwithaiNiAitiat e mp |
denaturation at 94C for 2 mins, 35 ogles of 94'C for 45 secs, 589 'C for 1 min, 72'C for

80 secs, and final extension at Z2for 6 mins. Amplicons were cleaned with Qifyick PCR

purification kit (Qiagen, Germany) and sequenced by Eurofins Genomics (Ebersberg,
Germany) or Macrogen Eyse (Amsterdam, the Netherlands).

C. Phylogenetic Analyses (Publications 1 and 2)

CodonCode Aligner v.7.0.1 (CodonCode Corporation, U.S.A.) was used to evaluate base
confirmation of chromatograms and to assemble complementary strands. Automagedesequ
alignments were performed in MAFFT v.7 (Katoh et al., 2019) with the algorithhiiNSe

and GINS-I for the nuclear and chloroplast regions, respectively. The resulting alignments
were manually adjusted in PhyDE v.0.997 (Mdlller et al., 2010) follotfiaghomology criteria

of Kelchner (2000) and Simmons (2004). For the chloroplast regions, polynucleotide repeats of
uncertain length homology and short inversions that were inferred by eye were excluded.
Additional ambiguous sites in the sequence alignmevere curated in Gblocks v.091b
(Castresana, 2000) with the following parametiod: andi b2 half the number of terminals +
1,7b3 8 positions| b4 5 positionsi b5 half. Binary coding of microstructural characters (i.e.,
gaps, simple sequence repeatay conducted for the chloroplast regions following Simmons
and Ochoterena (2000) and Ochoterena (2009).

The sequence alignments were concatenated, and the epértiahing scheme and models of
sequence evolution were identified under the Bayesiamnhafioon Criterion (Schwarz, 1978)

using PartitionFinder v.2.1.1 (Lanfear et al., 2016). The partitions were assessed for congruence
by visual inspection of the tree topologies generated by Bayesian inference (Bl), maximum
likelihood (ML) and maximum parsiomy (MP) (discussed below), prior to the phylogenetic
inference of the combined datasets. Bl analyses were performed using MrBayes v.3.2.6
(Ronquist et al., 2012) on the CIPRES platform (Miller et al., 2010). Two parallel runs of four

Markov chain Monte Qdo (MCMC) chains with sampling every 1000 generations were
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conducted over a total of 50 (publication 1) or 100 (publication 2) million generations. The first
50% of the samptktrees from each run were discarded as+rand convergence of the runs
wasevaluated with Tracer v.1.7.1 (Rambaut et al., 2018) and RWTY package (Warren et al.,
2017). ML analyses were implemented in RAXML v.8.2 (Stamatakis, 2014) with the trees
obtaining the highest likelihood score were estimated with 1000 iterations, arstrégmot
support values of the nodes were calculated with 10000 iterations. MP analyses were done in
PAUP v.4.0 (Swofford, 2002) using a heuristic algorithm of 1000 random replicates with tree
bisectionreconnection (TBR) and multiple trees (MULTREES) optionsffect to search for

the most parsimonious trees. MP bootstrap values were calculated with the same setting for
10000 replicates, except that there was no retention of multiple trees. The threshold for posterior
probabilities and nojparametric bootsaip values to identify welupported clades followed

Hillis and Bull (1993).

D. Morphological Analyses and Taxonomic Treatments (Publications 1, 2, 3 and 4)

Morphological analyses in light of the phylogenies, as well as for the taxonomic treatments
including the Philippine species dimoniuswere basedn herbarium specimens deposited in

the following herbaria: A, BO, BR, CAHUP, FEUH, GB, GH, L, P, PNH, PPC, PUH, U, UBT,
US, USTH and WAG. Additional information were obtained from the curators tafido$

BISH, BRI, BRIT, C, CM, CNS, F, FR, HAST, PRC and TAIF, online databases of HBG, K,
MO, NY, SING and Z, and from higresolution digital images in JSTOR Plants and JACQ
herbarium management system. All measurements were based on dried mataheatymdn
features of the reproductive structures were documented from specimens that were rehydrated
in a solution containing 5:4:%/v/v water, ethanol and glycerin. Some of the documented
features (i.e., plant habit, coloration) were based on the regoetdlectors indicated on the
herbarium labels. The leaf clearings (Publication 2) were attained by immersing leaf fragments
in 10% NaOH solution at 6 for 12 to 72 h, replacing the solution when it turned dark. The
leaf portions were then rinsed widstilled water, bleached in 2% NaHGI6olution at room
temperature for 10 mins, and finally triple rinsed with distilled water. Cleared leaf tissues were
dehydrated in a graded series of ethanol (50%, 70%, 95%) for 15 mins each, stained with
Safranin Cfor 24 h, destained with acid alcohol, and ended with dehydration in absolute alcohol
for 24 h. Sempermanent preparations were made using glycerinated gelatin and were observed

under Ol ympus CX2lcompound microscoper with
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indumentum (Publications 3 & 4) were based from Hewson (1988) and the trichomes were
measured under Leica S6E stereomicroscope equipped with a micrometer ocular. The
morphological features of the taxa presented, especially the genera in Publicatib2siene
supplemented by information from both historical and contemporary literature (e.g., genus and
species protologues, revisionary works, regional synopses and floras).

E. Conservation Assessments (Publications 3 and 4)

The conservation status thie species novelties presented in this study was evaluated based on
geographic range by following the guidelines and criteria of IUCN (2019). Georeferenced data
obtained from the herbarium materials were cleaned according to Wieczorek et al. (2004). The
measure for extent of occurrence (EOO) and area of occupancy (AOO) was calculated using
GeoCAT (Bachman et al., 2011) or the ConR package (Dauby et al., 2017). The AOO was
determined with a grid resolution of 2 km, while the number of locations was detelrmitin

a grid resolution of 10 km.
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[l
RESULTS AND DISCUSSION

A. Phylogeny ofAntirhea and its Recircumscription (Publication 1)

The delineation oAntirheahad been unstable since its establishment (Jussieu, M&8y.

recent workers have restricted the genus to the Paleotropics and adopted a circumscription that
is morphologically closer to its dioecious ty@e,borbonica This narrow concept, however,

had been revealed by phylogenetic studies to still benmamophyeétic (Achille et al., 2006;
Manns& Bremer, 2010). To clarify the phylogenetic relationship&mirhea a total of 318
sequences were analyzed, 205 of which are newly generated for this study. The ingroup (tribe
Guettardeae) wagpresented byl accessins with an emphasis on the Patepical dioecious

genera that were includedth 46 accessions.

The topology of the generated tree (Publication 1, figure 1) confirmedittimheais non
monophyletic, and that its species are nested in ttwalesupported clades which also
correspond to the three subgenera previously proposed by Chaw and Darwin (1992). The earlier
assumption to aggregate other Neotropical gerféiteofiotis and Stenostomujrio Antirhea
(Bentham & Hooker, 1873) is not suppet as all currently recognized species are retrieved
within the weltsupported Paleotropical Dioecious clade. The first cladérheal, Antirhea
s.s.) comprises the type species @ndmadagascariensi€haw, and is characterized by
monomorphic staminat and pistillate inflorescences, presence of crystaisgaining cell
clusters on the abaxial leaf surface and drupes with 2 #4)3ocular putamen. The second
clade Antirheal | AchillBanthu® ) ¢ o n s i sA ssibgenplesacarmesd thrdée spees

of New CaledoniarGuettarda and is characterized by dimorphic staminate and pistillate
inflorescences, large fibrous drupes with cavities in the -#g@leloped mesocarp and
irregularly ribbed putamen with 6 to 16 locules. The third claddithealll, Gudtardella)
includes species &. subgenGuettardella and is characterized by dimorphic staminate and
pistillate inflorescences, small fleshy drupkat are crowned by an uneqsited calyx and
putamen with 4 to 11 locules. The retrieval of thelseles is also sported by geographical

evidence Antirheal is restricted to the Indian Oceafntirheall in Malesia, Papuasia and
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Southwestern PacifiandAntirhealll in a much largearea the (sub) tropical Western Pacific.
These results allowe re-circumscribeAntirheawith a much stricter concept, recognize the

new genusiAchilleanthus and resurrect the gen@iettardella

B. The Fragmentation of Timonius (Publication 2)

Although the usage dfimoniusas a generic name has been compouigeebrlier literature
(Korthals, 1851; Bentham & Hooker, 1873), its delineation is atedand is widely accepted.
The combination of wvalvate fAinterl ocking typ
it the easiest to identify among Paleotropdiaecious genera of Guettardeae. However, species

of this large genus exhibit high levels of morphological variation that casted doubts on its
current circumscription. This study provides the most comprehensive taxon sampling of
Timoniusto date (with 5Gccessions, representing 47 species and varieties). The phylogenetic
analyses of the combined dataset revealedTinabniusis strongly polyphyletic (Publication

2, fig. 2), suggesting that the combination of characters presented above is not enough to
differentiate the genus. Her€imoniusspecies are retrieved in three walipported clades and

a branch containing. platycarpusMontrouz.

Abbottiaclade is the earliest to diverge and contains all sampled spediesubfhenAbbottia

Species in thisclade are uni® morphologically by their herapiphytic habit which is
sometimes frestanding, strongly imbricateigules with a single thickenezbsta, leaves with

obscure secondary venation and without-fading veinlets, truncate calyces and presef

calycine colleters that can be found along the middle or lower half of the calyx tube.
Furthermore, the sampled species exhibit a
rpsl6dataset that is absent in athersampled Guettardeae taxa. Tiegrieval of this clade

clearly shows the necessity to resurrect the gabbsttialF.Muell. to include all species at

subgenAbbottia Thus, atotal of 35 new combinations are proposed for the reinstated genus.

ALakapat clapehopritaine specidbat are endemic to the Philippines and the two
dubious Guettardeae species that pogieakyo dioecism and free pyrenes. This clade can be

easily recognized becauseanfpressed * foliaceous stipules with rounded or obtuse apices and
monomorphic stamate and pistillate inflorescences. Sampled species also exhibit two defining
molecular apomorphies: a 5 bp simple sequence repeat wigirrbcL (motif 56 TAACA 306,
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position 5696966973 of Antirhea chinensischloroplast genome, GenBank accession:
MK102723; Fan & al., 2019) and bp simple sequence repeat wittimT-Lr e gi on ( mot i f
TATAAA 306, p -48608 fA. emnengighto@ast genome, GenBank accession:
MK102723; Fan & al., 2019)These morphological and molecular characters permit the
recognition of this <c¢clade alsakapai $fdoehepttyb ngen
containing 9 species. The trivial generic name given is in reference to Lakapati, the

androgynous diety of ancient Tagalog mythology.

Timonius platycarpuss retrievel in an isolated position that is sister imadendron The
placement of this species in the phylogenetic tree is not surprising because of its fused pyrenes
which is already discordant to the current classificatiofnimbnius Nevertheless, it still differs

from Tinadendrorby its monochasial and dimorphic inflorescences, valvate corollas and linear
stigmatic arms. The proposal of a new genus for this species will not be made in this study, as

the revision of New CaledonidBuettardais still ongoing.

Lastly, the majority of the sampled specie3mhoniusare retrieved within th&imoniusclade.

The morphological characterization presented here is based only on terrestrial species because
the attempts to obtain molecular dditam 6 epiphytic speciesrom New Guinea and the
Philippines (i.e.,T. caudatifoliusElmer, T. caudatusvaleton, T. epiphyticusMerr., T. filipes
Wernham,T. longistipulusMerr., T. minutifoliusValeton) were futile. The representatives of

this clade premnt variable stipule aestivatioimpricate,valvateor valvatecalyptratg, leaves

with prominent secondary nerves and fezgling veinlets, calyces that are toothed or lobed,
rarely truncate and calycine colleters that are predominantly absent. Theealeters, if

present, are distributed on the sinus of calyx teeth or lobes. Furthermore, the sampled species

exhibit a 2 bp insertion at position 779 to 780 of the aligned ITS dataset.

C. The Taxonomic Status of Philippine Timonius (Publications 3and 4, and in part,

Publication 2)

The Philippines is one of the centers of species diversiflirabnius In the bibliographic

consolidation of species from the archipelayeenty-five species were recaged (Merrill,
1923) and only twepecies were aéd afterwards (Merrill, 1925; Wong, 1988). Here, a partial
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taxonomict r e at me nt dimoniudsenitializedyto eventuadly provide an extensive

revision or synopsis.

Eight new species are described for the archipelagmnius alejandroanu$G.Chavez, Meve

& Liede (Publication 3, figure 1) that is found in Samar Island, is characterized from the most
closely relatedT. lanceolatusMerr. by the combination of pistillate flowers withl&ed
corollas (vs. dobed), ellipsoid fruits with erectatyx crown (vs. globose and incurved calyx
crown) and pyrenes that are arranged in ca. 5 double radiating files (vs. 6 double radiating files).
The species is named after Grecebio Jonathan Qamde, for his contributions tthe
knowledge of PhilippineRubiaceae. The species is here regarded as Endangered EN

B2ab(ii,iii,iv) due to habitat degradation and limited area of occupancy.

Timonius dumagaf.G.Chavez (Publication 3, figure 2), a species that is named after the
nomadic tribes of dumagat living the municipalities of Palanan and Divilacan in Isabela, can
be differentiated fronT. alejandroanusvith its leaves having 3 to 5 pairs of secondary nerves
and smaller fruits that are moderately strigose with long persistent calyx. The long persistent
cdyx of the fruits of T. dumagatis attributed to the elongation of the disk during fruit
development. This species also exhibits a high level of polymorphism in its leaf morphology
that could have been influenced by its preferred habitat. The specieeiadsessed as
Endangered EN B2ab(ii,iii,iv) due to its limited distribution and futility of current measures to
protect the Northern Sierra Madre Natural Park (NSMNP).

Timonius nolitangerel.G.Chavez, Alejandro & Meve (Publication 4, figure 2) is aisgdbat

can only be found in the forest edges on lateritic soils near the tributaries of the Balangiga River
in the island of Samar. It is diagnosed agaihstvaletonii EImer by its peduncles with
stramineous trichomes (vs. ferrugineus), reddish anda@se calyces (vs. green and smooth),
cream colored corolla lobes with tawny or amber colored underside (vs. ivory and pink) and
smaller fruits with short persistent calyx (vs. large with long persistent calyx). The preferred
habitat of T. noli-tangerehas been greatly damaged by recent natural calamities, i.e. Super
Typhoon Haiyan and forest fire. The vegetation in the area is also affected by agricultural and
infrastructure expansion. Hence, this species is assigned a provisional conservation status of
Critically Endangered CR B2ab(iii).
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Timonius pseudoarboreuksG.Chavez (Publication 3, figure 3) can be easily mistadeitsf

closest ally,T. arboreusElmer, in the absence of reproductive structures. This species that is
distributed in the island of Luzon and the adjacent Polillo Island, can be distinguished with its
8- to 14flowered staminate inflorescences (vstB7-flowered) and ellipsoid to obowd fruits

that are moderately strigose (vs. globose to oblate, glabrous). Despite having a much wider
distribution compared with other Philippine specieslmhonius T. pseudoarboreus only

known to have a 32 kfarea of occupancy witkight knownlocations. It is also important to

note that the natural landscapes of Luzon and Polillo have been greatly degraded and were
converted for urbanization and agricultural use. Heificeyseudoarboreus provisionally

assigned a conservation status of Vulneratu@&2ab(ii,iii,iv,v).

Timonius ridsdaled.G. Chavez (Publication 3, figure 4) is only known from staminate materials
collected in Palanan, Isabela, and its description needs to be amended once pistillate individuals
are discovered. It is named after @dt. Ridsdale to posthumously recognize his contributions

to the understanding of the Philippine flora. Together Withpalawanensi€lmer andT.
ternifolius(Bartl. ex DC.) FernVill., T. ridsdaleiexhibits a predominantly ternate phyllotaxy.

It can berecognized fronT. palawanensiby having coriaceous leaves and staminate flowers
with much longer corolla tubes and anthers. It is here assessed as Endangered EN B2ab(ii,iii,iv)
despite the fact that its preferred habitat is situated within NSMNP. $tisdause of the

limited area of occupancy (4 Krwith only two known locations and that the municipality of

Palanan is known for illegal logging and lanse change.

Timonius spesitarum J.G.Chavez (Publication 3, figure 5) is unique from all Philippin
species because of its profoundly lobed calyx. Aside from this, it can be characterized by the
combination of its imbricate stipules with glabrous outer surface and glabrous leaves. Based on
the available herbarium materials, this species is known tg atthe ultramafic vegetation of
Palawan Island, and its population may exhibit a rsabebiased ratio in the wild. This species
which is assigned an epithet that wil!/l sign
ecological frontier, is deghated a conservation status of Vulnerable B1+2ab(i,ii,iii,iv,v)
because of the low extent of occurrence (4797.9 lamd area of occupancy (48 Rnand that

the island of Palawan is recognized to experience the highest deforestation rate among
terrestrial protected areas in the Philippines during the recent years (Apan et al., 2017).
Furthermore, climate change may induce the reduction of mature individdalspesvitarum
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in the future, as this phenomenon may trigger extreme-sexidiased ratio (Huite et al.,
2016).

Timonius stevendarwini.G.Chavez (Publication 3, figure 6) is morphologically more related

to the Borneard. abaniiJun H.Chen than any other Philippine species. It can be distinguished
from the latter by the combination of valvate stipules, pistillate flowers witlb&d corollas

and densely strigose fruits. This species which is only known from the island of Paawan
named after Steven P. Darwin to recognize his contributions to the current knowledge on the
genus.Timonius stevendarwinihas an extent of occurrence of 3679.1%kman area of
occupancy of 40 kdand is known from 7 locations; thus, is here designatednservation
status of Vulnerable VU B1+2ab(i,ii,iii,iv).

Timonius sulitiiMerr. & Quisumb. ex J.G.Chavez & Tandang (Publication 4, figure 3) is a
species currently known from a single gathering. The material was collected by Mamerto D.
Sulit together wh E. Cofiese in Mt. Calbiga, Samar. It can be recognized by the combination
of chartaceous leaves with silky underside and 8 to 9 pairs of secondary nerves, long
pedunculate pistillate inflorescences, tuberculate and costate fruits with schizogengus cavit
and pyrenes that are arranged in-gHaped pattern in longitudinal section of the frlionius

sulitii is provisionally assessed as Critically Endangered CR B2ab(iii) because of the low area

of occupancy (4 ki), single location and the declining ditiaof its preferred habitat.

Aside from these novelties, several taxonomic changes are inferred, these are: 1) synonymy of
two species to other wetlifferentiatedTimonius 2) transfer of ten species to other genera and

3) exclusion of one species fraie Philippine floraTimonius philippinensiderr. is treated

as conspecific to the widespreadfinlaysonianugWall. ex G.Don.) Hook.f. The species was
earlier recognized by Merrill (1903) as distinct agaihstompressicauligMiqg.) Boerl. (=T.
finlaysonianu¥ based on the coloration, dimension and indument cover of the branchlets, as
well as the length of the corolla tube. However, field angiexobservations of the species
coupled with examination of herbarium materials indicated that theatbes@re inconsistent

and only reflect phenotypic variations associated with ecological conditions. On the other hand,
Timonius panayensiMerr. is synonymized tdl. valetonii EImer because the diagnostic
features provided by Merrill (1920 publ. 1921)idalvithin the morphological features of the
latter.
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Timonius appendiculatuMerr. andT. pachyphyllusMerr. were treated as members Tof
subgenAbbottia(Darwin, 1994). Although these were not sampled in the phylogenetic analysis
of Timonius their mophology coincides with the featuresAdibottia namely: hengpiphytic,
strongly imbricate stipules with a singfl@ickened costa, leaves without freeding veinlets

and presence of calycine colleters that are distributed along the middle of the calyiiud

these species are transferred to the resurrected genus.

The r et r i eLakadatiphgtdo tcHea d 8 i n the p hymomug e net i
(Publication 2, fig. 2) clearly suggests that several species of Philigmmeniusmust be

transferred to the new genus, these dre:auriculatus T. longiflorus T. obovatus T.
oligophlebius T. samarensisT. trichophorusandT. urdanetensisAll of these species exhibit

adpressed foliaceous stipules and monomorphic staminate &stdlgte inflorescences.

The Philippine endemid@. quadrasiiElmer is one of the odd elements Timonius It is
hermaphroditic and exhibits terminal inflorescences that appear axillary because of the presence
of brachyblasts bearing a single leaf fanmian unequal and ternate phyllotaxy (Appendix 1,
figure 1). The species also posssstowers with leftcontorted corollas and two to three
locular ovaries that are mulbvulated. This set of morphological characters allowed its transfer

to the genusRidsdaleal.T.Pereira & K.M.Wong from the very distant tribe Gardenieae of

subfamily Ixoroideae with the new combinatiéh,quadrasiiJ.G.Chavez, Meve and Liede.

Timonius nitidugBartl. ex DC.)Fern:Vill. is a species with dubious Philippine origin. The
original material used to describe the species was collected by Thaddeus Haenke during the
Malaspina Expedition, who indicated that it was obtained from the islands of the Philippines
and Marianas. Fernand#&zllar (1880), without having the material inshpossession, then
reduced its locality to the island of Luzon. This decision of Fernavdiez (1880) is perhaps

based on mere assumption, because historical records indicate that T. Haenke collected
botanical specimens in the Nomfastern portion otuzon. Merrill (1919) started to be
suspicious with the provenanceTofnitidusin the Philippines, which he later substantiated by
excluding the species from the list of Philippiienonius(Merrill, 1923). However, the species

was retained to the Phifjmes by the World Checklist of Rubiaceae
(https://apps.kew.org/wcp and Coo0s Digital FIl or a o]
(https://www.philippineplants.ojg Field observations conducted in the island of Luzon and

examination of herbarium materials indicate thatitidusis indeed an extr®hilippine species
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that was erroneously attributed to the region as a consequence of its colonial Tirsiery.

nitidusis now restricted to the island of Guam.

In spite of these taxonomic additions and changes, Pm&ppimonius still remains a
heterogeneous assemblage. Three epiphytic species from the Greater Mindanao edoregion (
caudatifolius T. epiphyticusand T. longistipulu¥ exhibit a branching pattern that imitates a
large compound leaf, which is also foumdepiphytic species from the island of New Guinea.
This vegetative feature is unique compared to the re$tnodnius It is postulated that this
morphological group represents another distinct lineage which might eventually be recognized
as another new emus, pending the needed molecular evidences. Furthermore, another
Philippine endemic specied.(gracilipesMerr.) collected from the island of Cebu has a
peculiar association tdimonius The materials for this species all came from a single
collection.At first glance, it can be easily mistaken as a speci€sieftardellabecause of the
imbricate corollas and drupes that are crowned by the unequal sized calyx. However, the
pyrenes of this species are separated, unlike tHateftardellawhich are fusd. Acquisition

of this species may be challenging because currently, Cebu has less than 1% forest cover that

are fragmented, and its specific locality (Buacao) is completely urbanized.
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IV
CONCLUSION AND PERSPECTIVES

This study, despite its limits, provides a significant contribution to the understanding of the
systematics of the tribe Guettardeae. It highlights theehenitation ofAntirheaandTimonius
as well as the current state of the taxonomy of Philippimenius

First, the phylogenetic results provide clear evidence that a new circumscripfiatirogais
necessary in order to resolve it as monophyletic. This study suggests to Aedirictato the
Mascarene Archipelago and Madagascar, while its &esPacific species should be
recognized as members of the new geAchilleanthus or the resurrecteGuettardella It
also shows, that some New Caledonian speciesGwéttarda must be transferred to

fAchilleanthus .

Just like other speciggch generaof Rubiaceae that are characterized by a limited suite of
morphological character§jmoniusis also revealed to be polyphyletic. The general notion to
treat al | Pal eotropi cal di oecious spefies o
corolla astivation and drupes with free pyrenesTimoniusis rejected by the phylogenetic

results. The application of an increased samplingliafoniusin a phylogenetic context

provided an interesting picture regarding its systematics, and suggests that oaksaniostk

at other possible combinatieaf morphological characte(s.g. type of dioecism, habit, stipule
architecture, leaf venatiomnflorescence dimorphisngalycine colleters}o create a more

natural classification of the genuBurthermore, the molecular data suggest that simple
sequence repeats and inserdmletion events can be promising characters that can aid in

distinguishing different clades within the Guettardeae.

The topology of the phylogenetic tree that wasaastructed foilimoniussuggests that the
genusAbbottia should be resurrected to accommodate speciés sfibgen.Abbottia The

phyl ogenetic dat a al sLakapatiphyto® ag hbe estaldishedtThee ne w
morphological synapomorphies of this new genus are the adpressed = foliaceous stipules with

obtuse to rounded apices, monomorphic staminate and pistillate inflorescencds, tri
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tetramerous flowers and drupes with free pyrenes. la spthese, an increased amount of data

is still needed to resolve the generic boundarie§imbniussince this study was unable to
include its epiphytic species. Nevertheless, with the current increasing efforts to explore the
systematics ofimoniustha are taking place in Borneo and the Philippines, it is not unlikely
that its delineation will be settled in the near future.

Lastly, a partial treatment of Philippine@moniusis provided that serves as a base for the
completion of a comprehensive acat of the genus in the archipelago. This study offers an
understanding of features that can be utilized to demystify cryptic species or to unravel species
that are yet to be discovered. In addition, to improve the delimitation of species that were
descrbed by earlier authors, additional materials must come to light because majority of the
extant materials of Philippin&imoniusare in a poostate of preservation and only bear

fragments of reproductive structures.

30



V
REFERENCES

Achille, F. (2006. Tinadendron nouveau genre de Rubiaceae, Guettardeae de Mélanésie
orientale Adansonia28: 167 180.

Achille, F., Motley, T.J., Lowry, P.P. & Jeremie, J. (2006).Polyphyly in Guettardal.
(Rubiaceae, Guettardeae) based on nrDNA ITS sequencédatavissouri Bot. Gard.
93:103121.

Alejandro, G.J.D., Razafimandimbison, S.G. & LiedeSchumann, S. (2005)Polyphyly of
Mussaendanferred from ITS andrnT-F data and its implication for generic limits in
Mussaendeae (Rubiaceaginer. J. Bot92: 544 557.

Arriola, A.H., Paraguison, L.D. & Alejandro, G.J.D. (2016).Kanapia(Vanguerieae): a new
endemic genus of Philippine Rubiace@k.SystEvol.302: 911920.

Bachman, S, Moat, J., Hill, AW., de la Torre, J. & Scott, B. (2011). Supporting Red List
threat assessments with GeoCAgeospatial conservation assessment tdobkeys.
150:117126.

Bailey, F.M. (1900).The Queensland flora, vol. Queensland: H.Diddams & Co.

Baillon, H. (1879).Sur les limites du geni@uettarda Adansonial2: 317 319.

Baker, H.G. & Cox, P.A. (1984. Further thoughts on dioecism and islandisn. Missouri
Bot. Gard.71: 244 253.

Baldwin, B.G. & Markos, S. (1998).Phylogenetic utility of the External Transcribed Spacer
(ETS) of 18%26S rDNA: Congruence of ETS and ITS trees ©@alycadenia
(Compositae)Mol. Phlogenet. EvollO: 449 463.

Bentham G. (1852).Florula Hongkongensis: an enumeration of the plants collentde
island of HongKong, by Major J.G. Champion, 9Reg., the determinations revised and
the new species described by George Bentha,HEsqo k &. Bai. Kew Gard. Misct:
193199.

Bentham G. (1866 publ. 1867)Ordo LXI. Rubiaceae. IrFlora Australiensis a description
of the plants of the Australian territonygl. 3. London: Lovell Reeve & Cp399447.

31



Bentham, G. & Hooker, J.D. (1873)0Ordo LXXXIV. Rubiaceae. InGenera plantarum ad
exemplaria imprimis in Herbariis Kewensibus servafal. 2. London: Loevell Reeve &
Co., 7151.

Borhidi, A. & Fernandez, M.Z. (1995). The genusStenostomur@@.F.Gaertn. (Rubiaceae) or
the reconsideration of the New Wo#dhtirheaspeciesActa Bot. Hungr38: 157 166.
Bremekamp, C.E.B. (1966)Remarks on theosition, the delimitation and the subdivision of

the Rubiacead\cta Bot. Neerl15: 1i 33.

Bremer, B. (2009).A review of molecular phylogenetic studies of Rubiacdam. Missouri
Bot. Gard.96: 4 26.

Bremer, B. & T. Eriksson (2009).Time tree of Rubiagae: Phylogeny and dating the family,
subfamilies and tribesntl. J. Plant Sci170: 766793.

Bremer, B., Andreasen, K. & Olsson, D. (1995)Subfamilial and tribal relationships in the
Rubiaceae based obcL sequence daté&nn. Missouri Bot. GardB2: 383 397.

Candolle, A.P. de. (1830)Prodromus systamatis naturalis regni vegetabilisl. 4. Paris:
Treuttel et Wrtz.

Carlson, J.E., Tulsieram, L.K., Glaubitz, J.C., Luk, V.W.K., Kauffeldt, C. & Rutledge, R.
(1991).Segregation of random amplified DNA rkars in k progeny of conifersTheor.
Appl. Genet83: 194 200.

Castresana, J(2000. Selection of conserved blocks from multiple alignments for their use in
phylogenetic analysid$/ol. Biol. Evol.17: 540 552.

Chaw, S.M. & Darwin, S.P. (1992)A systematic study of the paleotropical geAudirhea
(Rubiaceae: Guettardea&ulane Studies in Zoology and Bot&t8; 25 118.

Chen, J., Tan, H.T.W. & Wong, K.M. (2015. A revision of Timonius (Rubiaceae) in
Kinabalu Park, Borneo, with notes on typification and species distin&tioBcol. Evol.
148(3): 420430.

Darwin, S.P.(1983. New species of imonius(Rubiaceae) from Papuasih.Arnold. Arbor.
64: 611618.

Darwin, S.P. (1993).A revision of TimoniussubgenuslTimonius(Rubiaceae: Guettardeae).
Allertonia7: 1i 39.

Darwin, S.P. (1994).Systematics offimoniussubgenusAbbottia (Rubiaceagsuettardeae).
Syst. Bot. Mong#é2: 1 86.

Darwin, S.P. (1997).New species ofimonius flavesceralliance (Rubiaceae: Guettardeae) in
PapuasiaSyst. Bot22: 85 98.

32



Darwin, S.P. (2010). A taxonomic revision ofTimonius subgen.PseudobobegValeton)
S.P.Darwin (Rubiaceaefandollea65(2): 217 240.

Darwin, S.P. & Chaw, S.M. (1990)BobeaGa u d . di omhVdagner, W.L., Herbst, D.R.
& Sohmer, S.H. (eds.Manu a l of the f1| oweo R HMgoluul ant s
University of Hawaii Press and Bishop Museum Pre&$$4 1118.

Dauby, G., Stevart, T., Droissart, V., Cosiaux, A., Deblauwe, V., SirDroissart, M.,
Sosef, M.S.M., Lowry, P.P., Schatz, G.E., Gereau, R.E. & Couvreur, T.L.P. (2017).
ConR: An R package to assist laigmale multispecies preliminary conservation
assessmés using distribution dat&cology and Evolutiod: €11292.

Davis, A.P., Govaerts, R., Bridson, D.M., Ruhsam, M., Moat, J. & Brummitt, N.A. (2009).
A global assessment of distribution, diversity, endemism, and taxonomic effort in the
RubiaceaeAnn. Missari Bot. Gard.96: 68 78.

De Block, P., Razafimandimbison, S.G., Janssens, S. Ochoterena, H., Robbrecht, E. &
Bremer, B. (2015). Molecular phylogenetics and generic assessment in the tribe
Pavetteae (Rubiacea@paxon64: 79 95.

Doyle, J.J. & Doyle, J.L.(1987). A rapid DNA isolation procedure for small quantities of fresh
leaf tissuePhytochem. Bull. Bot. Soc. Am#&f: 11 15.

Ehrendorfer, F. & Barfuss, M.H.J. (2014).Paraphyly angbolyphyly in the worldwide tribe
Rubieae (Rubiaceae): Challenges for generic delimitadion. Missouri Bot. GardlL00:

79 88.

FernandezVillar, C. (1880). Ordo LXIV.- Rubiaceae. In: Naves, A. and Fernantféiar, C.
(eds.), Novissima Appendix ad Floram Philippinarum R.P. Fr. Emmanuelis Bimao.
Plana et Socios, Typographos et Bibliopolas, pp-11BL

Gmelin, J.F. (1791) Systema Naturaeol. 2. LipsiaeimpensisGeorg Emanuel Beer.

Govaerts, R., Ruhsam, M., Andersson, L., Bridson, D., Davis, A., Schanzer, I. & Sonke,
B. (2020) World checklist of Rubiaceaeondon (UK): Trustees of the Royal Botanic
GardensKew. URL.: https://apps.kew.org/wcsp (accessed 28 April 2020).

Groeninckx, 1., Dessein, S., Guwoterena, H., Persson, C., Motley, T.J., Karehed, J.,
Bremer, B., Huysmans, S. & Smets, E. (2009Rhylogeny of the herbaceous tribe
Spermacoceae (Rubiaceae) baseglastid DNA dataAnn. Missouri Bot. Gard96:
109 132.

Guillaumin, A. (1930). Révision des Rubiacées de la Nouwéli@édonie Arch. Bot. Mém3:
1147.

33



Guillaumin, A. (1948). Flore analytique et synoptique de la Nouvdllalédonie
phanerogamedParis:Office de la Recherche Scientifique Coloniale.

Guo, X., Wang, R.J., Simmons, M.P., But, P.P.H. & Yu, J. (2013phylogeny of the Asian
HedyotisOldenlandiacomplex (Spermacoceae, Rubiaceae): Evidence for high levels of
polyphyly and the parallel evolutiaf diplophragmous capsulddol. Phylogenet. Evol.
67:110122.

Hewson, HJ. (1988. Plant indumentum: a handbook of terminolo@anberra: Bureau of
Flora and Fauna.

Hillis, D.M. & Bull, J.J. (1993). An emperical test of bootstrapping as a method fersaasg
confidence in phylogenetic analys®yst. Biol42: 182 192.

Jansen M.E. (1984. A synopsis ofsuettardellaBenth. and the Old World speciesAaitirhea
A.L.de Jussieu (Rubiaceae: GuettardeBr)mea29: 565-588.

Jussieu, A.L. de (1789)Generaplantarum Paris: Herissant et Theophilum Barrois.

Kainulainen, K., Razafimandimbison, S.G. & Bremer, B. (2013)Phylogenetic relationships
and new tribal delimitations in subfamily Ixoroideae (Rubiace@@).J. Linn. Socl73:
387 406.

Katoh, K., Rozewicki, J. & Yamada, K.D. (2019. MAFFT online service: Multiple sequence
alignment, interactive sequence choice and visualizéBioetings in Bioinformatic20:
1160 1166.

Kelchner, S.A.(2000. The evolution of nortoding chloroplast NA and ts application in
plant systematicsAnn. Missouri Bot. GardB7: 484 498.

Korthals, P.W. (1851).0Overzigt der Rubiaceén van de NederlandSostindische Kolonien.
Ned. Kruidk, Arch2: 99 136, 14%269.

Lamarck, J.B.P.A.M. de. (1789 publ. 1792) Encyclopédie méthodique, ou par ordre de
mati eres: de sBatanauesol. 8 ParisdRaackotickest e s .

Lanfear, R., Frandsen, P.B., Wright, A.M., Senfeld, T. & Calcott, B. (2016.
PartitionFinder2: New methods for selecting partitioned models of evolution for
molecular and morphological phylogenetic analydéd. Biol. Evol.34: 772 773.

Lantz, H., Andreasen, K. & Bremer, B. (2002)Nuclear rDNA ITS sequence data used to
constructhe first phylogeny of Vanguerieae (Rubiace&)Syst. Evol230: 173 187.

Lidén, M., Fukuhara, T. & Axberg, T. (1995).Phylogeny ofCorydalis ITS and morphology.
Pl. Syst. Evol[Supp.] 9: 188188.

Ly, S.N., Garavito, A., De Block, P., Asselman, PGuyeux, C., Charr, J.C., Janssens, S.,
Mouly, A., Hamon, P. & Guyot, R. (2020).Chloroplast genomes of Rubiaceae:

34



Comparative genomics and molecular phylogeny in subfamily Ixoroiéas Onel5:
€0232295.

Manns, U. & Bremer, B. (2010).Towards a better understanding of intertribal relationships
and stable tribal delimitations within Cinchonoideae s.s. (Rubiadgiat) Phylogenet.
Evol.56: 21 39.

Manns, U., Wikstrom, N., Taylor, C.M. & Bremer, B. (2012).Historical biogeography of
the pedominantly Neotropical subfamily Cinchonoideae (Rubiaceae): Into or out of
America?Intl. J. Plant Scil73: 261 286.

Merrill, E. D. (1903). Report on investigations made in Java in ffear 1902: Plantae
AherianaeBull. Bur. Forest. Philipp. Islands$: 9-55.

Merrill, E. D. (1919. Additions to the Flora of GuarRhilipp. J. Scil5: 539544,

Merrill, E.D. (1920 publ. 1921).New or notewrthy Philippine plants, XVIPhilipp. J. Sci.
17: 239323.

Merrill, E.D. (1923). An enumeration of Philippine flowerimants vol. 3. Manila: Bureau of
Printing.

Merrill, E.D. & Perry, L.M. (1945. Plantae Papuanae Archiboldianae, X¥IArnold Arbor.
26: 229 266.

Miller, M.A., Pfeiffer, W. & Schwartz, T. (2010. Creating the CIPRES Science Gateway for
inference of large phylogenetic treds. Proceedings of the Gateway Computing
Environments Workshop (GCE), New Orleans, Louisiana, 14 Nov Zid€ataway:
IEEE. 45 52.

Mouly, A., Razafimandimbison, S.G., Khodabandeh, A. & Bremer, B. (2009Rhylogeny
and classification of the specigsh Pantropical showy genisora (Rubiaceadxoreae)
with indications of geographical monophyletic units and hybAaser. J. Bot96: 6361
706.

Mueller, F. (1861).Fragmenta phytographiae Australiaeol. 2. Melbourne: Gubern Coloniae
Victoriae ex Officina Joannis Ferres.

Mdaller, J., Muller, K., Neinhuis, C. & Quandt, D. (2010. PhyDE: Phylogenetic data editor.
Program distributed by theithors.http://phyde.de

Nepokroeff, M., Bremer, B. & Sytsma, K.J. (1999)Reorganizatiorf the genug’sychotria
and tribe Psychotrieae (Rubiaceae) inferred from ITSrlacldsequence dat&yst. Bot.
24:. 5 27.

Ochoterena, H.(2009. Homology in coding and necoding DNA sequences: A parsimony
perspectivePl. Syst. Evol282: 151 168.

35



Paudyal, S.K., Delprete, P.G., Neupane, S. & Motley, T.J. (2018)lolecular phylogenetic
analysis and generic delimitations in tribe Chiococceae (Gmateae, Rubiaceadot.
J. Linn. Soc187: 365 396.

Persoon, C.H. (1805)Synopsis plantarum seu enchiridium botanicwal. 1. Paris: Carol.
Frid. Cramerum.

Pessoa, M.D.C.R.(2016. Filogenia do géneroChomelia Jacq. (Rubiaceae) e revisdo
taxonomic dasespécies BrasileirasDissertation. Recife: Universidade Federal de
Pernambuco.

Popp, M. & Oxelman, B. 00J). Inferring the history of the polyploidyilene aegaea
(Caryophyllaceae) using plastid and homoeologous nuclear DNA sequéaks.
Phylogenet. EvoRO0: 474 481.

Rambaut, A., Drummond, A., Xie, D., Baele, G. & Suchard, M.A.(2018. Poesterior
summarization in Bayesian phylogenetics using TraceiSyst. Biol67: 901 904.

Razafimandimbison, S.G. & Bremer, B. (2002)Phylogeny and classification of Naucleeae
s.l. (Rubiaceae) inferred from molecular (IT8¢L, andtrnT-F) and morphological data.
Amer. J. Bot89: 1027 1041.

Razafimandimbison, S.G. & Rydin, C. (2019)Molecularbased assessments of tribal and
generic Imits and relationships in Rubiaceae (Gentianales): Polyphyly of Pomazoteae
and paraphyly of Ophiorrhizeae aB@ghiorrhiza Taxon68: 72 91.

Razafimandimbison, S.G., Lantz, H., Mouly, A. & Bremer, B. (2009)Evolutionary trends,
major lineages, and new generic limits in the dioecious group of the tribe Vanguerieae
(Rubiaceae): Insights into the evolution of functional diodeyn. Missouri Bot. Gard.
96: 161 181.

Rickett, HW. & Stafleu, F.A. (1960. Nomina generic conservanda et rejicienda
spermatophytorum Vlaxon9: 111 124

Robbrecht, E. (1988).Tropical woody Rubiaceae: Characteristic features and progressions,
contributions to a new subfamilial classificati@pera Bot. Belgl: 1i 271.

Robbrecht, E. & Manen, J.F. (2006).The major evolutionary lineages of the coffee family
(Rubiaceae, angiosperm§ombined analysis (nDNA and cpDNA) to infer the position
of CoptosapeltandLuculia, and supertree construction basedhoi, rps16 trnL-trnF
and atpB-rbcL data. A new classification in two subfamilies, Cinchonoideae and
RubioideaeSyst. Geogr. PI76: 85 146.

Ronquist, F., Teslenko, M., Van der Mark, P., Ayres, D.L., Darling, A., H6hna, S., Larget,

B., Liu, L., Suchard, M.A. & Huelsenbeck, J.P.(2012). MrBayes 3.2: Efficient

36



Bayesian phylogenetic inference and model choice across a large modeSgpadgiol.
61: 539542.

Rova, J.H.E., Delprete, P.G., Andersson, L. & Albert, V.A.(2002). A trnL-F cpDNA
sequence study of the CondamineBamdeletieacSipaneeae complex with implications
on the phylogeny of the Rubiacedener. J. Bot89(1): 145 159.

Rova, J.H.E., Delprete, P.G. & Bremer, B(2009. TheRondeletiacomplex (Rubiaceae): An
attempt tause ITSyps16 andtrnL-F sequence data to delimit Guettardeae, Rondeletieae,
and sections withiRondeletiaAnn. Missouri Bot. Gard6: 182 193.

Rydin, C., Razafimandimbison, S.G. & Bremer, B.(2008). Rare and enigmatic genera
(Dunnia, Schizocolea Colletoecemp sisters to speciech clades: Phylogeny and
aspects of conservation biology in the coffee fanilgl. Phylogenet. Evo#8: 74 83.

Rydin, C., Wikstrom, N. & Bremer, B. (2017). Conflicting results from mitochondiral
genomic data challengeirrent views of Rubiaceae phylogeAyner. J. Bot104: 1522
1532.

Schumann, K. (1891).Rubiaceae.In: Engler, A. & Prantl K. (eds.), Die naturlichen
Pflanzenfamilienvol. 4.Leipzig: Wilhelm Engelmann.ill56.

Schwarz G. (1978. Estimating the dimension of a mod€he Annals of Statisti& 461-464.

Shaw, J., Lickey, E.B., Beck, J.T., Farmer, S.B., Liu, W., Miller, J., Siripun, K.C., Winder,
C.T., Schilling, E.E. & Small, R.L. 2005. The tortoise and the hare Il: Relative ityil
of 21 noncoding chloroplast DNA sequences for phylogenetic anafyses.. J. Bot92:
142 166.

Simmons, M.P.(2004). Independence of alignment and tree sedvtiflec. Phylogenet. Evol.
31: 874 879.

Simmons, M.P. & Ochoterena, H(2000. Gaps as characters in sequehased phylogenetic
analysesSyst. Biol49: 369 381.

Smith, L.S. (1957. New species of and notes on Queensland PlaniBrdic. Roy. Soc.
Queenslan®8: 43 50.

Stamatakis, A.(2014). RAXML version 8: A tool for phylogeneatianalysis and postnalysis
of large phylogenieBioinformatics30: 1312 1313.

Swofford, D.L. (2002. PAUP*: Phylogenetic analysis using parsimony (*and other methods),
version 4.0 BetaSunderland, MA: Sinauer.

Taberlet, P., Gielly, L., Pautou, G. &Bouvet, J.(199]). Universal primers for amplification
of the three nortoding regions of chloroplast DNARI. Molec. Biol.17: 11051109.

Takhtajan, A. (1986).Floristic regions of the worldBerkeley: University of California Press.

37



Taylor, C.M. & Gereau, R.E. (2010)Rubiacearum Americanarum Magna Hama Pars XXIII:
Overview of the Guettardeae tribe in Central and South America, with five new species
and three new combinations {Dhomelia Neoblakea Pittoniotis and Stenostomum
Novon20: 351 362.

Tosh, J., Dessein, S., Buerki, S., Groeninckk, Mouly, A., Bremer, B., Smets, E.F. 8De
Block, P. (2013. Evolutionary history of the Afrdvladagascanixora species
(Rubiaceae): species diversification and distribution of key morphological traits inferred
from dated molecular phylogenetic treAsnals of Botanyt12: 17231742.

Valeton, T. (1909). Beitrage zur kenntniss der Gattungimonius Bull. Dép. Agric.Indes
Néerl 26: 1 60.

Valeton, T.(1927). Die Rubiaceae von Papuasien. Zweiter Teil: Coffeciddat.Jahrb.Syst.
61: 32 163.

Verdcourt, B. (1958).Remarks on the classification of the Rubiacé&adl. Jard. Bot. Etat.
Bruxelles28: 209 290.

Warren, D.L., Geneva, A. & Lanfear, R.(2017. RWTY (R We There Yet): An R package
for examining convergence of Bayesian phylogenetic analyk#sBiol. Evol.34: 1016
1020.

Wernham, H.F. (1916).Report on the Botany of the Wollaston Expedition to thecBiNew
Guinea, Gamopetalae, Rubiaceb&ns. Linn. Soc. London, B&. 66 79.

Wikstrom, N., Bremer, B. & Rydin, C. (2020).Conflicting phylogentic signals in genomic
data of the coffee family (Rubiacea#) Syst. Evol. 1i 21.

Wong, K.M. (1988. The Antirheoideae (Rubiaceae) of the Malay Peningida Bull.4: 491
518

38



PART B

PUBLICATIONS






Publication |

DISENTANGLING ANTIRHEA (RUBIACEAE ): RESURRECTION OF
GUETTARDELLA AND DESCRIPTION OF THE NEW GENUS
ACHILLEANTHUS *
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(BAY CEER),UNIVERSITY OF BAYREUTH, UNIVERSITATSSTRARE30,95447BAYREUTH, GERMANY

The Raleotropical genuéntirhea(Guettardeae, Rubiaceae) currently comprgeéslioecious
species classified into three subgenArdirheg MesocarpandGuettardella It has a complex
taxonomic history with varying generic delineation and variable application of species names.
Recent phylogenetic studies have indicated themonophyly ofAntirheg but the limited
sampling neither offered to resolve its circumscoipthor to propose nomenclatural changes.
Here, we reconcile the generic boundariedmtirheabased on phylogenetic analyses of two
nuclear (ETS, ITS) and three plastdB-rbcL, rps16 trnT-F) loci using Bayesian, maximum
likelihood and parsimony metts. Our results show thantirheain its current circumscription

is highly polyphyletic, whereas its three subgenera are retrieved asuppbrted independent
clades. A new generic framework is proposed based on phylogenetic results and supported by
morphological evidence. We suppose to restintirheato species native to the Mascarene
Islands and Madagascar; reinstate the g&uwesttardellawith emended diagnostic features;

and describe the new gentishilleanthugo accommodate the species of sulugdiesocarpa

plus Guettarda glabrescenss. hypoplasisand G. ngoyensisAs a consequence, seven new

combinations imAchilleanthusand seventeen new combination&inettardellaare made.

Keywords dioecy, Guettardeae, Indacific region, Paleotropics, phylogenetic analysis,

taxonomy, typification.

*This manuscript has been submitted to the Botanical Journal of the Linnean Society and currently under reviewfB®Z0PG3593 ART.R1).
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Introduction

The RubiaceaayenusAntirheaComm. ex Jussncludes 37 species of shrubs or trees that are
distributedin the Paleotropickom the Mascarene Archipelago, eastward to southern China
HongKong, MalesiaMelanesia, Samoand tropical Australia. In its currenircumscription
(Chaw & Darwin, 1992)Antirheais characterized by dioecism-tio tetramerous flowers with
imbricate coolla lobesjnapertrate to iporate semitectate pollen graineyonate drpes and
fused pyrenes that form a ligneous endocarp called putarogather withTimoniusRumph.

ex DC., TinadendronAchille and New Caledonian species Glettardal., Antirhea is
phylogenetically positioned iwt hi n t he NiPad ciod u v@e « @&ibe) Dc | a
Guettardeae (Achillet al, 2006). However, the generic circumscriptionAsftirhea varied
greatly between authors (e.g., Lamarck, 1#@opker, 1873; Jansen, 1984; Chaw & Darwin,
1992) and has been a source of considerable taxonomic camfwglun the Guettardeae for

centuries.

The tribe Guettardeaes.l. is a tropical ampRPacific group with around 740 species
circumscribed in ca. 20 genera (Manns & Bremer, 2019memberpresent a woody habit,
axillary or terminal inflorescences, valvate or imbricate corolla lobestobmulti- locular
ovaries, single apically attached pendulous ovule per loculeadeous or schizocarpous fruits
andseeds with littledeveloped endospar(Robbrecht, 1988; Taylor & Gereau, 2010). Previous
phylogenetic investigations, albeit focusedtloa reorganization of tribal boundari&remer,
1992; Moynihan & Watson, 2001; Rowt al, 2002; Rova, Delprete & Bremer, 2009;
Robbrecht & Manen, 2006; &hns & Bremer, 2010have improved our undesstding of
Guettardeaeliversity and classificatiorHowever, taxonomic stability within the tribe is still
projected to be far from being achieveecause of problematic applications of generic names
(Taylor & Gerau, 2010).

Originally, Jussieu (1789) describékhtirheab ased on Commer 88p0pds 8dgpec
losteaw f rom t he i s lingialydistmduisted®e genusvith vertitlllate leaves,
tetramerous flowersncluded,subsessile anthersnd small calysxcrowned drupes bearing two
singleseededfused pyrenes. Later, Lamarck (1792) considéketirheaas congeneric with
MalaneaAubl., but was criticized by Candolle (1830) pointing tAaitirheais distinct by its
inflorescence ahitecturejonger corolla tubgand subsessile anthe@andolle (1830jurther

associated\ntirheawith Stenostomur@.F.Gaertnbased on floral merositgnd also cited that
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the flowers ofA. dioicaBory ex DC. (A. borbonicaJ.F.Gmel.) are dioecious by abortion

perhaps due to the rudimentary stamens (staminodia) or pistils (pistill@#iajham (1852)

then formally describe@uettardellaChamp. ex Benth. with two specié€s. (chinensiChamp.

ex Benth.G. philippinensidBenth.), and later suggested its closeti@aship withAntirheain

view of the polygamous flowers and number of locules per ovary (Bentham, 1867). Afterwards,
Hooker (1873) proposed a mufieneric treatment oAntirheg synonymizingGuettardella

Pittoniotis Griseb, and Stenostomupnthatwas a@pted by Schumann (1891) and in various
treatments for the New World (e.g., Standley, 1934; Standleyl8awis, 1975; Dwyer, 1980).
However, Hooker 6s (18 7 3nadeAwtirliea a catchall genussfarr i pt i
hermaphroditicor dioecious Guettardeaspecies with tetramerous to pentamerous flowers, 2

to 3 lobed stigmaand 2 tol10 locular putamen.

This broad definition ofAntirhea (Hooker, 1873)was slowly refuted by morphological
investigations focusing on itsakeotropicalspecies. Jansen (198divided the Old World
Antirheainto two generdased orthe number of locules per ovary, geographical distribution
anda different view of floral sexualityHe reestablishedsuettardellato accommodatéhe
dioecious species from the Tropicalegfern Pacific, whiléAntirheawas limited to species

from the Mascarene Archipelagwhich according to him are hermaphroditic. His
circumscription was accepted by Robbrecht (1988), but did not gain recognition by authors of
local floras (e.g., Smith & Darin, 1988; Wong, 1988yerdcourt, 1989Alejandro & Liede,

2003; Salamanest al, 2015). Chaw& Darwin (1992) found conflici g evi dence i n
(1984) generic delimitatignand clarified that the Mascaretirhea are also dioecious
reducing Guettadella to synonymy. Instead, they-defined Antirhea as exclusive to the
Paleotropicsaand suggested thapecies from the New Worlake best placed iRittoniotis or
StenostomunTheir circumscription was established primarily on sexuality, floetosiy and

pollen architecture. MoreoveChaw & Darwin (1992) presented an infrageneric classification
that emphasized on tlwmbination ofseveral traits (i.eyascular trace, leaf areolation and
texture, number of flowers per inflorescence, bracteole &ypukeshape, fruit size, mesocarp
type, and distribution), that divideAntirheainto three subgener&ntirheg Mesocarpaand

Guettardella

The nuclear DNAbased (ITS)phylogenetic study of Achilleet al. (2006) supported the
restriction ofAntirheato the Old World, buhighlighted that the proposed circumscription of

Chaw & Darwin (1992) is unnaturafntirhea borbonicawas placedas earliest diverging
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lineagethen Pal eot r o pi dPB)Icladd, iwbile the samgledl species of subgenus
Mesocarpandsubgenusuettardellaappeared in a polytomous clade along Withadendron

and New Caledoniarspecies ofGuettarda Neverthelessthey were unable to providée
necessary taxonomic changékely because of limited sampling and the poor support or
unresolved position of some cladés.this study, we reconstruct the phylogenyatirheaand

its relativesbased on an expanded taxon sampling and a larger number of molecular markers
(nuclear: ETS, ITS; plastiditpB-rbcL, rps16 trnT-F). The resulting phggenetic hypothesis

iIs used to: 1) clarify the circumscription ofntirhea 2) evaluate morphological
synapomaphies for wellsupported cladesand 3) propose the necessary nomenclatural
changeshataccommodat¢he respective cladeasmonophyletidaxonomic entitiegor linear

classification

Materials and Methods

Taxon sampling

Our sampling approach gave emphasis toRBeclade of Achilleet al. (2006), while also
consideringsequence data frorother phylogenetic studies to constitute all lineages of
Guettardeases.l. (Manns & Bremer, 2010). FoAntirheg we included as many species as
possible to represemtl subgenera based on the availability of materials suitable for DNA
extraction: two out of three species of subgefntirhea two out offive species of subgenus
Mesocarpaand fifteen out of twentpine species of subgenGsiettardella Additionally, four
accessions of putative undescribed species of subgenetardellawere included. Because
of the wnresolved relationship betweeropical Western Pacifiéntirheaand New Caledonian
Guettarda(Achille et al, 2006), we additionally samplésl. glabrescengSchltr.) Guillaumin
(two accessions)a. hypoplasiaBaill.,, G. ngoyensigSchltr.) Guillauminand Tinadendron
kajewskii (Guillaumin) Achille. Furthermore, we expanded the samplingTiofionius to
fourteen out ofca. 200 species (Darwin, 2010). Two outgpotaxa were selected from the
subfamily Cinchonoideae based on Madn8remer (2010)Bikkia tetrandra(L.f.) A.Rich.
(Chiococceae)and Acrosynanthus latifoliusstandl. (Rondeletieae). Details of the géed
taxa, voucher informatioand NCBIGenBank accgsion numbers are providedAppendix 1.
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DNA extraction, amplification and sequencing

Total DNA was extracted from siliedried leaves (Chase & Hills, 1991) or herbarium materials
following the protocol of Doyl& Doyle (1987) using Carlson lysis buffer (Carlsdral, 1991)

augmented with 15% v/e-mercaptoethanol (Merck, Darmstadt, Germany), and subsequently
purified with NucleoSpin Extract Il (Macheyagel, Diren, Germany). The following primers

were used for PCR amplification: atpBrbcL ( at pB:m&@R ra&cL56R; Ry
Razafimandimbison & Bremer, 2008), ETS (1B&nd ETSERIT; Baldwin & Markos, 1998;
NegronOrtiz & Watson, 2002), ITS (P17F and 283R; Popp & Oxelman, 2001jps16

(rpS16F and rpS16R; Shaast al, 2005) andrnT-F (trnT-F_alF, trnTF_iR, cF, dR, efand

fR; Taberletet al, 1991; Razafimandimbison & Bremer, 2002).

Theamplificationofthenuc |l ear mar kers i ncluded: 2.25 gl 1
2.5 ¢l 10 mM dNTP, viared amdc hr eovfe risOe npM i fmerr s
sul foxide (DMSO), 1 ¢l 1% bovine serTam al bul
DNA polymeraseand an aliquot of nucleaser e e wat er to obtain a vo
plastid markers, PCR were carriedouh 50 €1 vol ume 200n5%5agihi h@x P
buffer, 5 € 25g¢mMM10®Mg@M dNTP, 0.5 ¢l each o
pri mers, 5 ¢l 10 mM tetramethyl ammonTagm chl «

DNA polymeraseae nd 5 ¢ | atB Nhe PCRecanditions for ETS and ITS followed Tosh
et al.(2013) and Alejandro, Razafimandimbison & Liefiehumanr{2005), respectively. For

the plastid markers, the thermocycling profile started with an initial denaturation of 2 min at
94°C, followed ly 35 cycles of 45 s at 94°Q,min at 5259°C, 80 s at 72°@nd ended with a

final extension of 6 min at 72°C. The PCR amplicons were purified with QIAquick PCR
purification kt (QIAGEN, Hilden, Germany)and sequenced by Macrogen Europe B.V.
(Amsterdam, the NetherlanddResulting sequences were proofread and assembled using

CodonCode Aligner v.7.1 (CodonCode Corporation, Massachusetts, USA).

Sequence alignment, compilation and partitioning

Alignmentswerefirst estimated using MAFFT v.7 (Katoh, Rozewicki & Yama@817) with

the algorithms QNS-i for the nuclear markers an@-INS-i for the plastid markers, and
subsequenthadjusted in PhyDE1 v.0.997 (Mullet al, 2010) followingalignment rules and
principals of homology by Kelchner (200@phd Simmons (2004). For the plastid datasets,
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Ainformati veo mi c r o sinsartiordéletiansy Igapse $simplseqoence r s
repeats SSR$ were codedollowing Simmons& Ochoteena (2000and Ochotezna(2009).

We excluded one poly/A string of uncertain length homology a&tpB-rbcL (positions 82--

404 in the aligned dataset)d series of short inversiofis atpB-rbcL a8-bp segment, positions
56447-56454 ofAnitrheachinensichloroplast genom&enBank accession: MK1027.2d

in rpsl6a 6-bp segment, 5628633 positions oA. chinensichloroplast genome, GenBank
accession: MK102723We utilized Gblocks v.091b (Castresana, 2000) for alignment curation
with relaxed conditiost the minimum numbeof sequences for a conserved position and flank
position were half the number of sequences +1, the maximum number @ucoist noA
conserved positions w&aB, the minimum legth of a block was &nd the allowedap positions

was set to half.

PartitionFnder v.2.1.1 (Lanfeaet al, 2016) was used to determine optimal partitioning
strategyof the concatenated datasetcording to the Bayesian Information Criterion (BIC;
Schwarz, 1978). Theestimated best partitioning scheme was ETS+ITS aathB
rbcL+rpsl6HrnT-F, referred to as nuclear and plastid partition in the succeeding text. The
General Time Reversiblaodel of sequence evolutigvang, 1994) waselected for botdata
partitions,with addition of invariant sites and gamma distribution rates acress fer the
nuclear partition, andiith gamma distributed rate variation among sites for the plastid partition.
Phylogenetic analyses of the individual partitions were conducted, as described below, to check

for topological incongruences.

Phylogenetic mference

Phylogenetic reconstructions were carried asing Bayesian Inference (Bl), maximum
likelihood (ML), and maximum @arsimony (MP). Bl was conducted using MrBayes v.3.2.6
(Ronquistet al, 2012)on the CIPRES platform (Miller, Pfeiffer & Schwart2Q10). The
analyses comprised two simultaneous independent runs oMatkov chainMonte Carlo
(MCMC) for 50 million generationwith tree sampling every 1000 generations. Partitions were
unlinked to allow each partition to have its own set of paramatgexcluded the initial 50%

of the sampled trees as btimto obtain the majorityule consensus tree. Test for
convergenceposterior samples of MCMC rungere inspected with Tracer v.1.7.1 (Rambaut
et al, 2018) ad RWTY (Warren, Geneva & Lanfe&#017).ML analyses were implemented
using RAXML v.8.2 (Stamatakis, 2014) with the GTRGAMMIAModel for the nucleotide
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partitions and uncorrected BIN model for the microstructural characters. The ML tree was
obtained from 1000 search replicates and bog@saport values were calculated with 10 000
replicates. MRanalysiswvas performed in PAUP v.4.0 (Swofford, 2002) with heuristic searches

of 1000 randm sequence addition replicat@sd the tree bisectiereconnection (TBR) and
MULTREES options in effecMP bootstrap values were estimated with 10 000 iterations, TBR

branch swapping on, no retenti@f multiple trees per replicatand 5 random sequence
addition. The propor7t0i%o nma naf plhedtes tD@EaVWEr@w albuad
regarded as webupported following Hillis% Bull (1993).

Results

Sequences characteristic

The cmcatenateddataset contained 78rminals with 4109 positionsncluding coded
microstructural characte(available from J.G. ChavezA summary of the alignmestatistics

Is provided in Table 1. For the nuclear partition, 981 bp were used for the analyses after the
exclusion of ambiguous site872 bp were phylogenetically informative (PIC) that constitute
57.87% of the total PICs in the concatenated datasethEqulastid partition, 3105 bp were

used for the analyses, of which 175 bp were informative and constitute 37.23% of the total PICs
in the concatenated datas&éhe coding of microstructural characters for each plastid locus
resulted in 23 positionsll are informativg Appendix 3: 3 gaps 18 SSRsn atpB-rbcL, 2 gaps

+ 3 SSRsn rps16and9 gaps + 3 SSRa trnT-F.

Table 1.Matrix characteristics of each genetic region.

ETS ITS atpB-rbcL rps16 trnT-F
Number ofsequences 52 71 70 54 71
Matrix length 476 845 988 + 6 mch 821 +5mch 1888 + 12 mch
Number of included 386 595 708+ 6 mch 721 +5mch 1676 + 12 mch
characters
Number of 111 161 36+6mch 53+5mch 86+ 12 mch

informative characters

" mch= microstructural characters (i.e., gaps aimdplesequence repeats)
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Phylogenetic Analyses

Phylogenetic rees estimatedusing Bl, ML and MP are highly congruent with no supported
topological conflicts Analysesof the independent nuclear and plastid partitigkigpendix 3

& 4) resolved the early diverging lineages of Guettardeae, but provided limited resodditions

its core generaviz. Antirhea BobeaGaudich.,ChomeliaJacq.,Guettarda MalaneaAubl.,
Neolaugeia Nicolson OttoschmidtiaUrb., Pittoniotis Griseb., StenostomunC.F.Gaertn.
Timonius Tinadendron(Achille et al, 2006).The MP analysis of theoncatenatedlataset
recovered 17816 most parsimonious trees of 1799 steps. The strict consensus of these trees had
a consistency index (CI) of 0.6623 and a retention index (RI) of 0. F2g0re 1 shows the
Bayesian consensus tree of #mncatenatediata with Bl poterior probabilities (PP), ML

(MLBS), and MP (MPBS) bootstrap support values.

Guettardeass.l. is moderately supported by Bl and received high support fvimand MP
(PP=0.94, MLBS= 84, MPBS= 79). The tribe was resolved into foursuglportedorincipal
cladeg(Fig. 1): A) RogieraPlanch.(PP= 1, MLBS= 100, MPBS= 100), BlachaoniaStandl.

+ Neoblakea Standl. (PP= 1, MLBS= 100, MPBS= 100), )CArachnothryx Planch.

+ GonzalaguniaRuiz & Pav (PP= 1, MLBS= 100, MPBS= 100) and )Dthe core
Guettardeagenea (PP= 1, MLBS= 99, MPBS= 98). The overall topology of core Guettardeae
(Achille et al, 2006) is partially resolved, witdeotropical and Hawaiian taxmresolved in a
polytomy,followed byChomelia obtusas sister to aell-supported PD clade (PP=1,LBS=

86, MPBS= 88).

Within the PD cladethe sampledpecies oAntirheaare resolved in three distinct clades: 1)
Antirheal (PP= 1, MLBS=98, MPBS= 99), containing accessions of subgéntihea (A.

borbonicg A. madagascariensiShaw),2) Antirheall (PP= 1, MPBS= 77, MLBS= 71), which

includes subgenugesocarparepresented here by two speci8s hegacarpaA. smithi) and

New CaledonianGuettarda and 3)Antirhea lll (PP= 1, MLBS= 72), that is formed by
representatives of subgen@settardella Apart from this, both species of the New Caledonian
endemicTinadendronare placed in a welupported clade (PP=1, MLBS= 99, MPBS= 98).
Timonius platycarpusMontrouz, i ndi c a Ge dino Big 1 (based onF . Achill ed
annotations omerbarium materiajsis placed as sister fiinadendrorwith strongsupport in

BI, butlow in ML and MP (PR 1, MLBS= 69, MPBS= 57). On the other hand, the remaining
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species ofTimoniusare recovered within atrongly supported clade (PP= 1, MLBS= 94,
MPBS= 92).

Discussion

The phylogenetievidencepresented here corroborapevious findings on the unnaturalness
of Antirhea sensChawé& Darwin (1992) (Achilleet al, 2006; Manns & Bremer, 2010), and
confirmsthefiPal e ot r opi c al cladda (Achileet al.u2008).ConBide)ing a more
comprehensive species sampling and an extended molecular dalasetrieval of the PD
clade provided a more enhanced resolution compared to Achill. (2006. Since the
phylogeny and taxonomy ofe@hPD clade is elaborated Achille et al. (2006), andpartly in
Achille (2006), the relationshigamongits generawill not be discussed agaimstead, we will
focus on the status éintirheaasindicated by our newly produced phylogenetic evidence.

In spite of the current consengasestrictAntirheato the Paleotropics, our data reiterate former
assumptions that the genus remains polyphyletic even in its narrower circumscription (Achille
et al, 2006; Manns & Bremer, 2010). In contrast to Achdteal. (2006), ourphylogenetic
analysesrevealthree wellsupported clades &ntirhea(Fig. 1). These three clade®incide

with the subgeneric classification proposed by CBawarwin (1992).However,the sister

group relationships dkntirheal |  v@ etab@inAdendron(PP= 0.78), andntirhealll with
Timonius platycarpu§iG e g ® Tinadendron+ Antirheall (PP= 0.83) are poorly supported.
Antirheal, instead, igetrieved as sister to the rest of the PD cladk high suppor{PP= 1,
MLBS= 86, MPBS= 88; Fig. 1).

Re-delimitation of Antirhea

The wellsupported placement éintirheal as sister to the rest of the PD clade indicates two
optionson how to rendeAntirheamonophyletic One option iso adopt a wide concept of
Antirhea that is equivalent to the entire PD clade (iiecluding iG e @ Nlew Caledonian
Guettarda Timonius andTinadendron. This alternativenakes Antirheaa very heterogeneous
group from a morphological standpoint, anduld require the transfer of a largember of
species. The second optiento retain the three wedlupported clades as distinct genera and

adopt anarrowerconcept ofAntirhea Our detailed phylogenetic sampling associated with
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morphology and geographical distribution provides sufficientence to favor the latter
option, which was also preferred by Achillet al. (2006). Thisdivision of Antirhea s.l.into
several genera relies on consistenmmbination of morphological characters rather than
homoplasious features, and presents a matdestlassification of the grouphe tree clades
are discussed below

Antirhea | clade

The Antirheal cladeis restricted tAntirheaspeciesative tothe Madagascan regia(frig. 2),

and contains the type speciés borbonica Another Mascarene specids, bifurcata(Desr.)
Hook.f., can be unambiguouséssignedo this cladebased on morphologfsee discussion
below), but was not included in the molecular study due to the lack of success in extracting
DNA from herbarium matéals. The most prominent characters of the taxantrheal are

the ternate or opposite leaves, monomorphic stamiuad pistillate inflorescencesd thinly

fleshy drupes with two to three fused pyrenes (Fig-c3. &pecies irAntirheal also possess

small pale elongated or circular clusters containing crystal sand over the abaxial surface of leaf
venations (Chaw & Darwin, 1992), whicéflect light (Verdcourt, 1983)

The placement ofAntirheal cladeasa distinctsegregate afntirheall and Il cladesclearly
supportJanse6 s (19 8 4) limit eAatirhea ta the Madagascan regiorHowever,
Jansenos Aditeamdicpteéd thatfit is hermaphroditizvhile several authors (Chaw
& Darwin, 1992, Achille, 2006; Achillet al, 2006) as welasour observationdo not support
the presence of this conditicsince all species from tiMadagascan regicare dioeciousThis
misinterpretation of Jansen @4) is perhaps due to the plasticity in sex expressiod.of
borbonica Litrico, Pailler & Thompson (2005) demonstrated tAaborbonicaexhibits6 | e a k y 6
dioecy, indicating that staminate individuals have tendency to beardsugsmechanism for
habitat colonizationOverallin the PD cladethis phenomenowas only observed iAntirhea

| andsomeTimoniusspecies occurring on nutriedepauperate habitatsthe PhilippinegJ.G.
Chavezetal, Ounpubl . tadade@dhtitheabandIlllnot i n
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Bikkia tetrandra
Acrosynanthus latifolius
Rogiera cordata

Roglera amoena
Machaonia acuminata
Neoblakea venezuelensis
Machaonia erythrocarpa
Arachnothryx leucophytla
Gonzalagunia cornifolia
Arachnothryx hondurensis
Arachnothryx sp.

Malanea sp.

Neolaugeria resinosa
Stenostomum acutatum
Chomelia tenuifiora
Chomelia spinosa
Guefttarda tournefortiopsis
Guettarda crispiffora
Fittoniofis trichantha
Bobea gaudichaudi
Bobea sandwicensis
Bobea brevipes
Stenostornum lucidum
Stenostormum acreantim
Oftoschmigtia micropfiyfia
Guettarda speciosa
Guettarda ferruginea
Gueftarda uruguensis
Guettarda boliviana
Chomelia obtusa
Anfirhea madagascariensis
Anfirhea borbonica
Timonius densiflon:s
Timonius pulgarensis

Antirhea |
(Antirhea s.sfr)

Timonius confertifiorus
Timonius wallichianus
Timonius flavescens
Timonius borneensis
Timonius beamanii Timonius
Timonius timon var. fimon
Timonius celebicus
Timonius subauritus
Timonius salsedoi
Timonius mofhs

Timonius korrensis
Timonius platycarpus “Gea”
Tinadendron noumeanum .
Tinadendron kajewskii Tinadendron
Antirhea smithii

Anfirhea megacarpa
Guettarda ngoyensis
Guettarda hypolasia
Guettarda glabrescens 2
Guettarda glabrescens 1
Anfirhea inconspicua

Antirhea ll
(Achilisanthus)

Anfirhea chinensis
Anfirhea putaminesa
Antirhea ovatifolia
Anfirhea rhamnoides
Antirhea ioensis
Antirhea microphylfa
Antirhea foveolata

Anfirhea paxillata 5
Antirhea lll

Anfirhea tayabensis (Guettardeila)

Antirhea sp. 2
Antirhea livida
Anfirhea caudata
Antirhea benguetensis
Anfirhea sp. 4
Anfirhea sp. 1
Anfirhea sp. 3
Antirhea ternata
Antirhea surigaoensis

Figure 1. Phylogeny ofAntirheawithin the Guettardeae. Majoriyle consensus tree inferred
from Bayesian inference of the concatenated dataset. Numbers on nodes indicate Bayesian
posterior probabilities, maximuiikelihood bootstrap values (boldface), and parsimony

bootstrap valuestélics).
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Antirhea Il clade

The Antirhealll clade contains accessions éintirhea subgenusMesocarpaand three New
Caledonian species Gfuettarda The placement of the sampled New Caledo@aettardain

this clade is not surprising (Fig. 1), sin&ehille et al. (2006) reported thabuettardaspecies
from the regiomay either belong to subgendgsocarpaor subgenuSuettardellaHowever,

all wemaytreat here are those that areludedin our gudy; because the revisionary work of
New CaledoniarGuettardamay still be ongoingandthatsome species may even belong to a
yet undescribd genus (Achille, 2006; PilloBarrabé & Buerki2017) that is represented here
by Timonius platycarpufiG e aFig. 1).Species withirAntirheall are geographically limited

to the Lesser Sunda IslandBapuasia anthe Southwestern Pacifi¢Fig. 2), and may be
distinguished fromAntirheal and Ill by the presence of large drupes (>15 mm long) with
sclerenchymatous mesocarp bearing cavities that aoseéguivalent to the number of locules
(6 to 16) in the putamen (Fig. 3f).

Chawé& Darwin (1992) includedimonius anodoXMiqg.) Boerl.in their treatment of subgenus
Mesocarpabased solely on the imbricate corolla lobes of its staminate type matetinaiugth

the three clades @ntirhearecovered in this study exhibit the same type of corolla aestivation,
their taxonomic conclusion seems not appropriate. It is important to nogdthioaighTimonius

Is recognized as having valvate corolla aestivation (Achtlig. 2006; Darwin, 1994, 2010),
some species exhibit coroliabe marginsthat are pressed together and are thinly overlapping
giving them an imbricate appeararcdi i nt e-t ¥ p @.6.IChawez,pers. obs.also see
Wong, 1988 Darwin, 2010. Furthermore, Jansen (1984) recognized that the type of fruit
(drupes with fused pyrenes vs. drupes with separate multiple pyrenes) is essessighimg
generic placements ofaleotropical Guettamhe. Our observations of fruiting materialsTof
anodon(Endert 1553 L; Petrus & Patrick SAN 90641) which are obviouslyinknown to
Chawé& Darwin (1992), indicated that theugres bear multiple free pyrenssiggesting that it

should be retained ihimonius

Antirhea lll clade

This clade includes the majority gitirheaaccessions in our study and represents subgenus
Guettardella Within the Antirhea lll clade we were able to retrieve two weallipported
subclades: 1) the New Caledonidade(PP=1, MLBS= 94, MPBS=89) and 2) the Philippine
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clade (PP=1, MLBS= 96, MPBS=95). However, vaid not recognizeshared apomorphic
characters that will distinguish these two subgroalss, becauseorphological characters that
differentiate species in subgusGuettardellafrequently show reversals (Chaw & Darwin,

1992). Nonetheless, the retrieval Aftirhealll as a distinct clade clearly demonstrates the
generic distinct i v eunetasdsllattatfwasBeectedhy Hodksr (1878)8 5 2 )
and moraecently by Chaw& Darwin (1992), but was at least equivocally accepted by Jansen
(1984). Morphologically, members of this clade are characterized by the combioftion
narrow branchlets (O 2 mm emndpistitlateanfloresmes x ) , di
and fleshy or spongy fruits bearing three to 11 fused pyrenes (Fg- 3 g

I n Janseno6s (Guekadell A. enegacarpdddrr. &LfM.Perry andA. smithii
(Fosberg) Merr. & L.M.Perry, as well &. novobrittaniensigM.E.Jansen) Chavand A.
schmutzii(M.E.Jansen) Chaw were included in the genus. Althaughattempts to obtain
molecular data from the latter tvgpeciesvere futile their fruits are similar to those Ahtirhea

II, thus are excluded from our conceptGafettardella

. Antirhea | = Antithea s.str.
Antirhea || = Achilleanthus
Antirhea lll = Gueltardella

Yo

Figure 2. Geographical distribution of the thrémtirheaclades presented in the study.
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Figure 3. Representative taxa of the thi&etirheaclades presented in the studyAntirheal:

Antirhea borbonicavar. borbonicg A, branch with staminate inflorescend®; branch with
infructescence; anéntirhea borbonicavar. duplidivisg C, fruit in crosssection Capuron

SF18176. 7 Antirheall: Guettarda glabrescen®, branch with staminate inflorescendésg;

pistillate flower; and Antirhea megacarpaF, fruit in crosssection Booer 0 s col | e«
BSIP7732. 7 Antirhealll: Antirhea caudataG, staminate inflorescence in bud; staminate

flower; I, pistillate flower; andJ, fruit in crosssection Dimatatac and Pineda RTJOLS5ale

bars: C, J =2 mm; F =1 cm. Legend: ca: cavity; fm: fibrous mesocarp; fsm: fleshy to spongy
mesocarp; pu: putamen; py: pyrene. Photographs Hy: Max Seyfried; CF-J:. Jayson G.

Chavez; D: Ulrich MevgE: Gildas Gateblé
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Taxonomic conclusions

The molecular phylogenetic analysis, along with morphological and geographical evidences
detailedabove, clearly indicate the need tecreeumscribeAntirhea Weare convincethat the

three clades oAntirheareflect a more natural concept, and so arethyoto be recognized as
distinct genera. Here, we propose to reskitirheato (Madagascar and the Mascareresct

the new genugchilleanthusto accommodate thantirheall clade, and incorporate the 29
species of subgenuSuettardellainto the restrected genussuettardella(Fig. 4) Brief
descripion and diagnosis of each genus are provided hdlmsnecessaryew combinations

are presented, and lectotypifications are included and discussed.

AchilleanthusJ.G.Chavezgen. nov., ined.
TypespeciesA. megacarpugMerr. & L.M.Perry) J.G.Chave@BasionymAntirhea
megacarpaMerr. & L.M.Perry)

Diagnosis Achilleanthusis distinct from all Rleotropical dioecious Guettardeae with fused
pyrenesviz. Antirhea Guettardella and Tinadendronby the combination of its dimorphic
inflorescences, large fibrous fruits, presence of cavities in thedee#loped mesocarp, and

irregularly ribbed putamen with 6 to 16 locules.

Di oecious shrubs or trees; Stpulesmaritatedriargulad 2 mm
to lanceolate, occasionally twisted at apex. Leaves opposite, rarely ternate, subsessile to
petiolate; lamina elliptic to ovate or obovate, chartaceous te)(sabaceous; apex acute to
acuminate; base acute to obtuse or subcordatmndary veins-512 on each side of the
midrib; domatia occasionally preser8taminate inflorescencesxillary, dichasial, 3 31
flowered; peduncle glabrous to densely strigose; bracts or bracteoles absent or triangular;
flowers secund, subsessiéalyx cupular, truncate or undulate téobed, usually ruptured by
expanding corolla, moderately to densely strigose outSiomlla salverform or infundibular,

white to creanrcolored, 4lobed, imbricate, densely strigose outsi@&amens 4, ioluded

anthers (subsessile, linear Pistillodia bifid. Pistillate inflorescencesaxillary, solitary,
pedunculate, rarely sessile; peduncle moderately to densely strigose; bracts tri@adysar
cupular, truncate or-4o0 6- lobed Corolla infundibular, white to/ellowish, 4 or 5- lobed,
imbricate, densely strigose outsiddypanthium globose to cylindricakruits globose,

ellipsoid or prolate, 15-45 mm long,crowned by persistent calyx and occasionalby the
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Paleotropical Dioecious Clade

Antirhea Timonius “Gea” Tinadendron Achilfeanthus Guettardella
Comm. ex A Juss. Rumph. ex DC. Achille, ined. Achille J.G.Chavez Champ. ex Benth.
species 3 ca. 200¢ -300° ca. 5-10 2 7 29
distribution Western Indian Ocean Australia (NTA, OLD. W] Southwestern Pagific (nwG) Southwestern Pacific (vve Malesia iLsi) Australia (aLD)
(MAU, WD, REU, ROD) Eastern Asia (Tai) Papuasia (nwg, 501 China (CHH, CHE)
Indian Subcontinent (srL) Southwestern Pacific Indo-China (THa;
Indo-China (AND. CED, kYA, NCB, THA. VIE] (FIJ. NWC, 5CZ) Malesia (BOR. LS, MOL. MLY. PHI, SUL)
Malesia (ROR, J&w, 151, 81 Y, MO, PHL SUI, SUK ) Papuasia (NG
Northwestem Pacific (CRL, MRN, MRS} Southwestern Pacific

{FI, NWG. SAM, TON, W)

Papuasia (BIS. NWG. S0L)

South-Central Pacific [coo. rim. s5c1, Tua
Southwestern Pacific

CF1L HUE. NWC, S/ SCZ, TOK, TON, VAN, WAL]
Westemn Indian Ocean (sFv)

Figure 4.Simplified phylogeny of the PD clade as presented here. Given are the generic names,
number of species per genus, and geographical distribution. Species divemsityonfusis

based on the estimates (@) Darwin (2010), and (b) Chen, Tan & Wong (201&)d its
monophyly is currently being evaluated. Geographical codes followed TDWG3 (Brummitt,
2001).

expanded disc; mesocarp fibrous, cavities present; pyrerigs tused forming an irregularly
ribbed putamen.

Etymology The name of theewgenus is ddicated to Dr. Frédéric Achille of the Museum of
Natural History Paris, in recognition of his contributions that provided significant insights

regarding the systematics of tindbe Guettardeae.

Distribution: The genusAchilleanthusoccurs in Fiji, Indoesia (Papua and Lesser Sunda

Islands), New Caledonia, Papua New Guinea and Solomon Islands.

57



Notes The species diversity dfchilleanthugs projected to increase in the near future. Several

species of New Caledonig@uettardafits within the morphological features athilleanthus

(e.g.,Guettarda balansan8aill., G. baladensisGuillaumin,G. eximiaBaill, G. heterosepala

Guillaumin, G. splenden8aill., G. wagapensiSuillaumin); however, the proposal of further

nomenclaturechanges in this group of species is left for authors working on the revision of the
r e g i Guettarda

1.

2.

Achilleanthus glabrescengSchltr.) J.G.Chavez, Liede & Meveomb. nov, ined. (Fig. 3
G-E)

Basionym Timonius glabrescenschltr., Bot. Jahrb. SysB9: 257 (1906)[ Guettarda
glabrescens(Schitr.) Guillaumin, Arch. Bot. Mém. 3(5): 17 (1930Jype NEW
CALEDONIA. Ngoye, 09 Nov. 1902 { ) F.R.R. Schlechter 1525@ectotype HBG
HBG520964, designated here isolectotypes BR BR530480, K KO000763509, L
LO0003D, M M0189508, P P00645390).

Notes: Timonius glabrescengas described based on the collecttoR.R. Schlechter
15256(Schlechter, 1906). The holotype at the General Herbarium of B was destroyed in
1943, but six duplicate specimens have been dédcadmong these, the HBG duplicate

(HBG520964) is selected as the lectotype because it possesses more reproductive branches.

Achilleanthus hypolasiugBaill.) J.G.Chavez¢omb. nov, ined.

Basionym Guettarda hypolasiaBaill., Adansonia 12: 240 (1879)Type NEW
CALEDONI A. Afentre St. Loui sl14 gan.186@yniBao ( Ba
Balansal138 (lectotype P P00645397designated here isolectotypes K KO00763449,

MPU MPU021792, P P00645396, P00645398, P00645399).

Notes: Two syntypes were inditad in the protologue dBuettarda hypolasigBaillon,

1879),J. Pancher s.randB. Balansa 1138duplicates of both collections are still existent.

The collectiond. Pancher s.nis from a fruiting individual, but only one of the two
duplicates at the Paris herbarium (P) possesses fruit (P00645400). The widely distributed
collectionB. Balansa 1138on the other hand, is from a flowering staminate individual,

and all of the six ddates are more complete. Among the available duplicates of this
collection, the specimen at P (P00645397) is chosen as the lectotype because it bears more

flower buds and has an open flower.
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Achilleanthus megacarpuégMerr. & L.M.Perry) J.G.Chaveromb.nov., ined.(Fig. 3 F)

Basionym Antirhea megacarpde r r . & L. M. Perry, J. Arnol d
Guettardella megacarp@Merr. & L.M.Perry) M.E.Jansen, Blumea 29(2): 577 (1984).

Type NEW GUINEA. Ihu, Vailala Riverl2 Feb.1926 ( ), L.J. Brass 46 (holotype A
A00312892, isotypes BM BM000945300, BRI BRQ0129861, K KO00763434).

= Guettardella erythrocarpaM.E.Jansen, Blumea 29(2): 574 (1984)ype NEW
GUINEA. Monokwari,27 May1957 ( ), C. Versteegh BW 47580lotype L LO064551;
isotypes A A00312859, CANB CANB86606).

= Guettardella oriomonenseM.E.Jansen, Blumea 29(2): 582 (1984ype NEW

GUINEA. Western District, Oriemo Rive?1 Jan1959 ( ), K.J. White & E. Gray N.G.F.
10439 (holotype L L0443079, isgpes A A00312866, BRI BRAQ0129888, CANB
CANB68710, SING SING0062101).

= Guettardella pachyphyll.E.Jansen, Blumea 29(2): 584 (198Rype NEW GUINEA.
Madang, Gogol Riverl7 Sept1969 ( ), P. Katik N.G.F. 46558holotype L L0064561;
isotype BRI BRIAQ0129702).

= Guettardella solomonendd.E.Jansen, Blumea 29(2): 586 (198%ype SOLOMON
ISLANDS. East Santa Cru20 Oct.1969 ( ), R. Mauriasi et al. B.S.1.P. 177X1Bolotype
L LOO00398).

Achilleanthus ngoyensigSchltr.) J.G.Chavez, Liede Beve,comb. nov, ined.

Basionym Timonius ngoyensisSc h | t r . , Bot . J ahr lGuettaBlg st .
ngoyensis (Schltr.) Guillaumin, Arch. Bot. Mém. 3(5): 17 (1930Yype NEW
CALEDONIA. Ngoye, 06 Nov. 1902 { ) F.R.R. Schlechter 1523(ectotype L
L0000394, designated here isolectotypes AMD AMDO0000184, BR BR532716, GH
GH00312923, HBG HBG520962, K K000763508, L L0O000393, M M0189506, S
S0510746).

Notes The description ofimonius ngoyensis based on the collectidghR.R. Schlechter
15230(Schlechter, 1906). The holotype at B was destroyed in 1943, but several duplicates
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of the collectionF.R.R. Schlechter 1523@ave been found. Among these, one of the
duplicates at L (LO0O00394) is designated as the lectotyfe fgyoyensibecause thedtal

structures are still in good condition.

5. Achilleanthus novobrittaniensigM.E.Jansen) J.G.Chaveymb. nov, ined.
Basionym Guettardella novobrittanienseM. E. Jans en, Bl umea 29(2)
Antirhea novobritanniensi¢M.E.Jansen) Chaw, Tulane Stud. Zool. & Bot. 28(2): 64
(1992). Type NEW GUINEA. South New Britain, Eliak Cregk6 May 1958 ( ), K.J.
White N.G.F. 10058olotype L LO064557, isotypes A A00312864).

6. Achilleanthus schmutzi{M.E.Jansen) J.G.Chaveymb. rov., ined.
Basionym Guettardella schmutziiM.E.Jansen, Blumea 29(2): 585 (198#)Antirhea
schmutzii (M.E.Jansen) Chaw, Tulane Stud. Zool. & Bot. 28(2): 65 (1993pe
INDONESIA. Lesser Sunda Islands, West Flores, Manggarai, ,Pbu 1981 ( ), E.
Schmutz 482(holotype L LO000397).

7. Achilleanthus smithii(Fosberg) J.G.Chaveezomb. nov, ined.
Basionym Timonius smithii Fosberg, Sargentia 1: 121 (1942). Antirhea smithii
(Fosberg) Merr. & L.M. Perry, J. Arnold Arbor. 26: 233 (1945)Guettardella smithii
(Fosberg) M.E.Jansen, Blumea 29(2): 585 (198#pe FIJI. Moala,20-24 Mar.1934( ) ,
A.C. Smith 134holotype US US00138435, isotypes GH GH00312922, K K0O00763426,
NY NY00113425, P P00698853, S SG6110, WIS WIS00001041MAD).

Antirhea Comm. ex Juss., Gen. Pl.: 204 (1789).

Type speciesA. borbonical.F.Gmel., Syst. Nat. ed. 13[bis]: 244 (1791).

Diagnostic charactersAntirhea s.scan easily be distinguished bye presence dafircularor
elongated crystatontaining cellclusters over the abaxial surface of leaf venation, valvate

stipules, monomorphic staminate and pistillate inflorescena@$%Xlowered), fruits with

underdeveloped mesocarp, andr3 (4) locular putamma.
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Dioecious shrubs or treesome staminatmdividuals bear fruits br anchl et s O 4
toward apexStipulesvalvate, lanceolate to ovateeavesternate, rarely opposite, petiolate;
lamina lanceolate to obovate, chartaceous to coriaceous; apex acute to acuminate, rarely
rounded; base acutetaneate; secondary veiBs7 on each side of the midrib; domatia rarely
absent.Staminate inflorescenceaxillary, simple to compound dichasia,-3%5 flowered;
peduncles glabrous to moderately strigose; bracts or bracteolefilecdariangular;flowers

secund, subsessil€alyx cylindrical to cupular, 4obed, sparsely strigose outsideéorolla
salverform, white, 4or 5- lobed, imbricate, glabrous to sparsely strigose outSidenens %4r

5, included anthers (subsessile, linearPistillodia bifid. Pistillate inflorescencesimilarto the
staminate inflorescence€orolla infundibular, white, 4or 5- lobed, imbricate, glabrous or
sparsely to moderately strigose outsiddypanthium (suBcylindrical. Fruits cylindric,
ellipsoid to ovoid, 1.510 mm long, crowned by persistent calyx; mesocarp thinly fleshy;
pyrenes 2r 3 (4), fusedforming a smooth putamen.

Distribution: As here delimitedAntirhea is restricted to Madagascar and the Mascarene

Islands.
1. Antirhea bifurcata(Desr.) Hook.f.jn Benth. & Hook.fGen. Pl . 2 :Maldnéa0 ( 187
bifurcataDesr . i n J. B. A. M. de L arStemostdmum furcatync | . 3

(Desr.) DC., Prodr. 4: 460 (1830)ype THE MASCARENES (geographical provenance
corrected by Verdcourt, 1983: §75.loc., s.d(l ), M. Dupuy s.n(holotypeP-LA n.v,
isotype RJU 9792n.v.).

Notes In the protologue oMalanea bifurcata Desrousseaux (1792) speculated that the
gathering sent by Dupuy to Lamarck came fr
(1792) presumption on the type localityMf bifurcatabriefly explains the principal area

where confusion exists regarding its concept (Grisebach, 1861) and geographical
provenance (Hooker, 1873), which have been-exgllained by Chaw & Darwin (1992:

53). Nevertheless, the error on the original type localitilobifurcatawas corrected by

Verdcourt (1983: 571, 1989: 121) stating that the type specimen of Dupuy sent to Lamarck

was clearly wrongly localized to the Antilles and is actually from Mauritius
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= Tournefortia bifidaLam., Tabl. Encycl. 1: 417 (1792). Antirhea bifida (Lam.)
I.M.Johnst., J. Arnold Arbor. 16: 166 (1939)ype MAURITIUS. s.loc., s.d.(Il ) R.
Commerson s.rfholotypeP-LA n.v, isotypeG G00014724).

= Antirhea frangulace®C., Prodr. 4: 459. 1830ype MAURITIUS. s.loc, s.d.(I ), F.W.
Sieber 59 (lectotype G GO00190719, designated by Ch&wDarwin (1992: 53),
isolectotypes E E00193653, H H1546091, H1633571, HAL HAL0114213, K
K000412143, L L2895372, L2895373, LECB LECB 00R35MEL MEL104991, MO,

NY NY00130839, P P00553248, REG REG000879, TUB TUB004580).

Antirhea borbonical.F.Gmel., Syst. Nat. ed. 13[bis]: 244(1791).

2.a.Antirhea borbonicavar. borbonica Malanea verticillataDesr., inLam. Encycl. 3:

688 ( 1AngrRen diciceBory ex DC. , P r Adtirhea vetticillah 5 9 (1 ¢
(Lam.) DC. , P r oGuettardadantirhde® Diet(., 5y81.3°0 ): 788 (1839).

Type REUNION. s.loc., s.dll ) Commerson s.r{lectotypeP P0055323designated by

Chaw &Darwin (1992: 55). (Fig. 3 A-B).

= Guettarda acuminat&ieber ex DC., Prodd. 460. 1830pro. syn= Antirhea dioicavar.
acuminataDC., Prodr4: 460. 1830Type MAURITIUS. s.loc., s.d(l ), F.W. Sieber Fl.
maurit. 60 (lectotype G G00190721, designated by Ch&wDarwin (1992: 55),
isolectotypes E E00193652, GOET GOET010164, HAL HAL091758, K K0O00412141, L
LO000083, L0O000084, MEL MEL104993, NY NY00130837, P P03827978, REG
REG000877, TUB TUB004579).

= Guettarda barbinend Sieber ex DC., Prodr. 4: 460. 18300. syn. = Antirhea dioica

var. barbinervis(Sieber ex DC.) DC. Prodr. 4: 460. 1839pe MAURITIUS. s.loc., s.d.

(") F.W. Sieber Fl. maurit61 (lectotype HAL HAL0138763, designated here(or
perhaps holotype) isolectotypes E E00193651, G G00190722, GOET GOET010165, H
H1633572, K K0O00412137, L LO0O00087, LOO00088, MEL 104994, MEL104995, MO
MO391430, NY NY00130835, REG REG000878).

Notes In the protologue ofSuettarda barbinervisChamisso &Schlechtendal (1829)

mentioned the gatheringieb. plant. exsic. Ins. Mauritii n. 68everal duplicates of this

62



gathering are extant, and it is uncertain whether Chamisso & Schlechtendal (1829) based
the description on the HAL duplicate alone or havelule other duplicates that may have
been distributed afterwards. Therefore, the duplicate kept at HAL is designated here as the

lectotype or perhaps the holotype@fbarbinervis

2.b. Antirhea borbonicavar. duplidivisa Chaw, Tulane Stud. Zool. Bot. 256 (1992).

Type MADAGASCAR. Est, NordEnvirors du CagE s t au Suyi2dsepant al al
1967 ( ), R. Capuron sub Service Forestier de Madagascar2BF/8 (holotype P
P00093578, isotype TEF TEF00039)ig. 3 C).

3. Antirhea madagascariensi€haw, Tulane Stud. Zool. & Bot. 28(2): 57 (199Zype
MADAGASCAR. Mananjary (Sakaitoloho26 Feb1954 ( ), Service des Eaux et Forets
de Madagsacar SB750(holotype P PO0093599, isotype P PO0093800, TEF TEF000393).

GuettardellaC h a mp . ex Bent h., Hooker 6s J. Bot . Kew

Type speciess. chinensiChamp. ex Benth. (desi Anchitemssd by J
Champex Benth.) Benth. & Hook.f. ex F.B.Forbes & Hemsl.)

Diagnostic charactersGuettardellacan be easily diagnosed by its nardonanchletghat are
O 2 mmat bpexglisnarphic inflorescences, fleshy drupes that afg@5mm long and

crowned by unequalized calydobes and fused putamen with-41 locules.

Di oecious shrubs to trees; Stpulesmbridate ervadvate) 2 mm
triangular to lanceolate or ovateeavesopposite, rarely ternate, petiolate, rarely subsessile;

lamina lanceolate to obovate, membranous to chartaceous,sabelyriaceous; apex acute to
acuminate; base attenuate to rounded or truncate to subcordate; secondaryM@mrs Sach

side of the midrib; domatia presédhift of trichomes, pitor dome type, trichomatous pocket)

rarely absentStaminate infloresncesaxillary, simple to compound dichasia-)X3-- 146

flowered; peduncle strigoshirtellous, villous or sericeous; bra@adbracteoles filiformor

subulate, lineaor lanceolate rarely absentFlowers secund, sessile to pedicella@alyx

cupular, 3-5- lobed rarely truncate, lobes often unequal in size, owgstiture asin peduncle

Corolla salverform, white, yellow or pink,-®r 4- lobed, imbricate, outerestiture asin
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peduncle Stamens 2r 4, included anthers (subsessilejinear. Pistillodia filiform or bifid.
Pistillate inflorescencesxillary, simple dichasial--19 flowered; peduncleestiture asin
staminate inflorescences; bracts or bracteate$forthe staminate inflorescence3alyx and
corollaas instaminate thwers Hypanthium globose to ellipsoiBiruits (sub)globoseellipsoid
or obovoid, 4-15 mm long, crowned by persistent calyx; mesocarp fleshy or spongy, cavities

absent; pyrenes-311, fusegdforming a smooth or irregularly ribbed putamen.

Distribution: The genussuettardella as here defineds distributed from southeastern China,
Hainan Island, Hong Kong, southern Thailand, and Malesia, eastward to Melanesia, tropical
Australia and Samoa. The primary center of diversii@wéttardellais the Philippines with 14

species.

1. Guettardella affinis(Zoll.) J.G.Chavez¢omb. nov, ined.
Basionym Eriosolena affinis Zoll., Syst. Verz. IndAr c hi p . 2. Antithéa ( 1854
affinis (Zoll.) Chaw. Tulane Stud. Zool. & Bot. 28(2): 72 (1992ype INDONESIA.
Flores IslandJuly 1847 (| ) Zollinger 3209 holotype P P01001835, isotype L LO064552).

2. Guettardella atropurpureal Cr ai b)) M. E. Jansen, BTimomesa 2 9 ( :
atropurpureusCr ai b, FIl . S i aAntirhe2atropdriur2gC(aib)CRBaRv ex [
Wong, Kew Bull. 43: 493 (1988Y.ype MALAYSIA. Langkawi, s.d.(sterile),C. Curtis
2544 (lectotype SING n.v., designated by Wong (1988: 493Chaw & Darwin (1992:

74)).

3. Guettardella attenuatgElmer) J.G.Chavexzomb. nov., ined.
Basionym Timonius attenuatuse | me r Leafl . Phi | iAptiphea Bot .
attenuata Elmer) Chaw, Tulane Stud. Zool. & Bot. 28(2): 75 (1993)pe PHILIPPINES.
Luzon (Rizal, Bosobosogept.1904 ( ), Aher ndés col | e ¢ldctotypeBOy b F. B
designated by Chaw& Darwin (1992: 76), isolectotypes K KO000763442, NY
NY00133415, US US00138413).

4. Guettardella benguetensi&lmer) J.G.Chavezomb. nov, ined.
Basionym Timonius benguetensi&lmer, Leafl. PhilippB o t . 1: 3Amtirhéal 9 0 6 ) .
benguetensigEImer) Valeton, Bull. DépAgric. Indes Néerl. 26: 32 (1909)ype
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PHILIPPINES. Luzo, Benguet, Twin PeaksMay 1904 ( ), A.D.E. Elmer 6396
(lectotype PNH, designated hereg isolectotypes: BO, G G00436805, K KO00763546, P
P00836646NY NY00133416, US US00138415).

Notes Timonius benguetenss based on the gatheridgD.E. Elmer 639¢Elmer, 1906).

It is assumed that prE945 Philippine type materials kept at the Herbarium of the Bureau
of Science, Manila (now known as PNH) weretdo®ssed during the Second World War

(cf. Merrill, 1945). However, duplicates &.D.E. Elmer 6396vere located in various
herbaria, including PNH. The PNH duplicate, which might have been repatriated from
foreign herbaria (cf. Barcelona, 2005), is chosethadectotype because it shows some

intact flowers.

Guettardella bombysi&Chaw) J.G.Chavezomb. nov, ined.

Basionym Antirhea bombysiaChaw, Tulane Stud. Zool. & Bot. 28(2): 78 (1992ype
PHILIPPINES. Palawan, Aborlan, Panach® May1950 (| ) M.D. Sulit Phil. Nat. Herb.
12400also numberet.D. Sulit 3873 holotype A A00312847, isotype L L0064544).

Guettardella buruanaChaw) J.G.Chavezromb. nov, ined.

Basionym:Antirhea buruana Chaw, Tulane Stud. Zool. & Bot. 28(2): 79 (1992ype
INDONESIA. Moluccas, Fakal, Boerp80 July1921 ( ), L.J. Taxopeus 46@holotype L
L0064550).

Guettardella caudataM.E.Jansen, Blumea 29(2):. 572 (1984). Antirhea caudata
(M.E.Jansen) Chaw, Tulane Stud. Zool. & Bot. 28(2): 80 (1992)e PHILIPPINES.
Palawan, Aborlan, Panagat0 May 1950 ( ) M.D. Sulit Phil. Nat. Herb. 1231&lso
numberedM.D. Sulit 3750(lectotype L L0064547,designated here isolectotypes A
A00312851, K KO00763440, L L0064546). (Fig. 315

Notes Jansen (1984) indicated the holotypeCafettardella caudatasM.D. Sulit Phil.

Nat. Herb. 12315hat is kept at L. However, there are two duplicates of the same gathering
at L requiring the designation of a lectotype as there is no enough evidehowtaisich

of these was used in the protologue. The specimen chosen as the lect@yptardella
caudata L0064547, contains more reproductive branches.
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8.

10.

11.

Guettardella chinensisCh a mp . ex Benth., Hooker 6s J. B
(1852).1 Antirhea chinensigChamp. ex Benth.) Benth. & Hook.f. ex F.B.Forbes &
Hemsl., J. Linn. Soc., Bot. 23: 384 (1888ype HONG KONG. s.loc., s.d.l(), J.G.

Champion 113 (lectotype K KO000763445, designated here isolectotypes K
K000763446).

Notes Guettadella chinensigs based from the collection of Major J.G. Champion from

Mt. Gough and Mt. Victoria in Hong Kong (Bentham, 1852). Forbes & Hemsley (1888:
384) then indicated that they have seen Ch
duplicates6 Champi ondés coll ection deposited at |

more reproductive structures (flower buds and fruits), and is here selected as the lectotype.

Guettardella edano{Chaw) J.G.Chavezomb. nov, ined.

Basionym Antirhea edanoiChaw, Tulane Stud. Zool. & Bot. 28(2): 83 (199Zype
PHILIPPINES. Sulu Archipelago, Tawliawi Island)July-Aug. 1924 ( ), M. Ramos & G.
Edano sub B.S. 4401fholotype W n.v., isotypes A A00312848, B B100294388, K
K000763439, NY NY00004685, SING SING0062099, US US01050008).

Guettardella foveolat{Chaw) J.G.Chavezomb. nov, ined.

Basionym Antirhea foveolataChaw, Tulane Stud. Zool. & Bot. 28(2): 85 (1992ype
PHILIPPINES. Luzon, Zambalellov.-Dec.1907 (| ) M. Ramos sub B.S. 47@tolotype
US US01050009).

Guettardella hexasperm@Roxb. ex Carey) M.E.Jansen, Blumea 29(2): 575 (1984).
Pyrostria hexaspermRoxb., Hort. Beng. 83 (18140om. nud.l Pyrostria hexasperma
Roxb. ex Carey, Fl. Ind. 1: 403 (182D0)Eupyrena hexaspern{&oxb. ex Carey), Repert.
Bot. Syst . RobeaHeRalperfr(i®dll & )Carey) Valeton, Bull. Dép. Agric.
Indes Néerl. 26: 7 (1909)ype INDONESIA. HonimoaSaparuas.d.( &), Roxburgh
s.n.(holotypen.v).

Notes Pyrostria hexaspermaw a s first publ i shed Hortys Rox bu
Bengalensid f or a species from Honimoa (Sapore
introduced into the Botanical Garden at Calcutta. There is no description nor a diagnosis

given to the binomial, so it is a nomen nudum. Later, the brief descriptiarhekasperma
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12.

13.

was posthumously published i n tHoe Inflidar st VvV O

(Roxburgh, 1820) . There is no illustratio
drawings at Kew (Sealy, 1956), but the binonialhexaspermavas associated to the
gahering Wal |l i chos TiGaiusaumphy Dex. (AYrostria lteRagpérma fi

Roxb. valde @Wall aoheati®@?) 0211). However,
that his gathering with duplicates at K (K 001123325, K001123326) and PH (PHO0DP23297

refer to aTimoniusspecies from Penang (Malaysia) and Singapore, and not specifically
Roxburghos species fr om HGuettammelaFurthérraore, i s nc
Roxburgh (1820) indicated that his species possesses fruits with six seedswhichtss

in contrast to the manrgyeededTimonius Jansen (1984: 576) also noted that this
observation of Roxburgh may have been from a very young material, in which the ligneous
putamen had not yet devel oped. N enstexial t hel e s

remains futileP. hexaspermaeeds to be neotypified.

= Bobea hirsutiusculd@eijsm. & Binn., Natuurk. Tijdschr. Nedndié 29: 247 (1867). =
Antirhea hirsutiusculgTeijsm. & Binn.) Valeton, Bull. Dép. Agric. Indes Néerl. 26: 31
(1909).Type INDONESIA. Saparoea.d.(I ) Teysmann s.rtholotypen.v).

= Guettardella obscuraM.E.Jansen, Blumea 29: 580 (1984ype INDONESIA.
Borneo,W. Koeta, Kombeng@9 Nov.1925 ( ), F.H. Endert 539{holotype L LO064558,
isotype A A00112727).

Guettardella inaequaligChaw) J.G.Chavezomb. nov., ined.

Basionym Antirhea inaequalisChaw, Tulane Stud. Zool. & Bot. 28(2): 89 (199Pype
MALAYSIA. Borneo, Kinabantangan22 July 1954 ( ) G.H.S. Wood S.A.N. A4623
(holotype L LO064559, isotype AGD112728, SING SING0062100).

Guettardella inconspicug Se e m. ) M. E. Jansen, B Guettaeda 2 9 ( 2
inconspicuaS e e m. FI . Vi tAntirhéa incahspitugdSedmd) €lristoph.,

Bull.. Bernice P. Bishop Mus. 128: 202 (193%ype FIJI. Ovalau, 1860Il(), B. Seeman

257 (lectotype K KO00763424, designated by Smith and Darwin (1988: 154), isolectotypes

BM BM001040312, G G00389636, GH GH00312860, GH00312899, P P00698855).
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14. Guettardella ioensigBaill.) J.G.Chavez¢omb. nov., ined.
BasionymGuettarda ioensi8ai | | . Adans oniAatirh@adoensigB4ik) ( 1879
Chaw, Tulane Stud. Zool & Bot. 28(2): 93 (1992ype:NEW CALEDONIA. lo Valley,
28 Dec.1869 (| ) B. Balansa 239Zlectotype P P0O0645762]esignated hereisotype P
P00645763).

Notes Baillon (1879) based the description Gliettarda ioensigrom the collectionB.
Balansa 2392and two duplicates were located at P. The duplicate PO0645762 is selected
as the lectotype because the specimen is particularly rich ihgtanatures.

15. Guettardella livida( EIl mer ) M. E. Jansen, B |Antirheadivid2 9 ( 2 ) :
Elmer, Leafl. Philipp. Bot. 4: 1327 (1912)ype PHILIPPINES. Palaan, Puerto Princesa,
Mt. Pulgar 1911 ( ), A.D.E. Elmer 12968lectotype P P0O0789777, designated by Chaw
& Darwin (1992: 95), isolectotype BISH BISH1004288, K KO000763438, NA
NA0026092).

16. Guettardella microphylla(Bartl. ex DC.) M.E.Jansen, Blumea 29(2): 577 (1984).
Guettarda microphylldartl. ex DC., Prodr. 4:5% (1830)I Antirhea microphyllgBartl.
ex DC.) Merr., Enum. Philipp. Fl. Pl. 3: 540 (1928ype PHILIPPINES. Luzon, 1792
("), F.G. Bartling sub T.P.X Haenke s(holotype PRn.v; isotypesisolectotypes GOET
GOET010337, HAL HAL011421,9RC PRC450168

17. Guettardella multiflora M.E.Jansen, Blumea 29(2): 578 (198#)Antirhea multiflora
(M.E.Jansen) Chaw, Tulane Stud. Zool. & Bot. 28(2): 97 (1992pe PAPUA NEW
GUINEA. Milne Bay, Cape Vogel Peninsula, Mend® Apr.1953 ( ), L.J. Brass 21936
(holotype L LO064556, isotypes K KO0O0763433).

18. Guettardella ovatifoliaM. E. Jansen, Bl u me a AnfriBe& avpatifolia5 8 2 (
(M.E.Jansen) Chaw, Tulane Stud. Zool. & Bot. 28(2): 98 (199¢)pe AUSTRALIA.
Queensland, Newcastle B&7 May 1948 ( ), L.J. Brass 1866 holotype L LO000396,
isotypes A A00312863, BRI BRAQ0325754, CANB CANB192466, K KO00763431).
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19.

20.

21.

22.

23.

Guettardella paxillata(Chaw) J.G.Chavezomb. nov, ined.

Basionym Antirhea paxillata Chaw, Tulane Stud. Zool. & Bot. 28(2): 100 (199®ype
PHILIPPINES. Luzon, Cagayan, Mt. Babatngditay 1930 (| ) G. Edafio sub B.S. 79440
(holotype A A00312849, isotype BO).

Guettardella philippinensiBe nt h . |, Hooker s J. Bot . Kew G
Antirhea philippinensis(Benth.) Rolfe, J. lin. Soc., Bot. 21: 312 (1886)ype
PHILIPPINES. Bohol, 1841l() H. Cumming 182¢holotype K KO0O0763437, isotype BM
BM000522433, G G00389630, G00389629, K KO0O0763436).

Guettardella putaminosa(F.Muell.) Benth., Fl. Austral. 3: 419 (1867). Timonius
putaminosus-.Muell., Fragm. 4: 92 (1864). Antirhea putaminos&F.Muell.) F.Muell.,

Fragm. 9: 183 (1875). Guettarda putaminos@.Muell.) F.Muell., Fragm. 9: 183 (1875).

[ Matthiola putaminosa(F.Muell.) Kuntze, Revis. Gen. Pl. 1: 288 (189Type
AUSTRALIA.Aii n si |l vis ur bi s®b)AThazetp.talsomumberedi ni s 0
A. Thozet 6Xlectotype MEL, firststep designated by Jansen (1984: 584yondstep

lectotype MEL MEL2063109, designated here; isolectotypes GH GH00312924, K
K000763430, MEL MEL2063110).

Notes Jansen (1984) referred #. Thozet s.nat MEL as the holotype offimonius
putaminosuswhich can be treated as effective lectotypification under Art. 9.10 of the ICN
(Turlandet al, 2018). However, two duplicates &f Thozet s.nwhich is also numbered
asA. Thozet 6,lwere found at MEL. Following Art. 9.17 of the ICN (Turlaedal, 2018),

the duplicate MEL2063109 is here selected as the sestepdectotype.

Guettardella ranosii (Chaw) J.G.Chavezomb. nov, ined.

Basionym Antirhea ramosii Chaw, Tulane Stud. Zool. & Bot. 28(2): 10B292).Type:
PHILIPPINES. LuzonCagayan, Pefiablaa Apr. 1926 ( ), M. Ramos & G. Edafio sub
B.S. 46597holotype SING SING0062102, isotypeBB00294387, NY NY00004683).

Guettardella rhamnoide¢Baill.) J.G.Chavez¢omb. nov., ined.

Basionym Guettarda rhamnoidesBai | | . Adansoni a Aftthea 241
rhamnoides(Baill.) Chaw, Tulane Stud. Zool. & Bot. 28(2): 105 (1992ype NEW
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24.

25.

26.

27.

CALEDONIA. Daaoui de Oro,11 Apr. 1869 ( ), B. Balansa 1128(lectotype P
P00645765¢designated hergisolectoypes P P00645764, P PO0645766).

Notes In the protologue ofGuettarda rhamnoidesBaillon (1879: 242) cited two
collections,B. Balansa 112&ndB. Balansa 197@&hat were collected from Daaoui Cro

and Kougui, respectively. Only the collectiBnBalansa 1128vas located at P with three

duplicates. Among these duplicates, P00645764 was annotated by S.P. Darwin (1993) as

t he 0l e cQ. hamynagiles dometting that was likely never effectively published.
Here, the duplicate P00645765 is chosen as the lectotyp&.fonamnoidesas this

specimen possess more reproductive structures than P00645764.

Guettardella sphaerocarpéChaw) J.G.Chavezomb. nov., ined.

Basionym Antirhea sphaerocarpa&Chaw, Tulane Stud. Zool. & Bot. 28(2): 106 (1992).
Type INDONESIA. Papua, Djajapura, Rouffaer Riv8ept.1926 ( ), W.M. Docters van
Leeuwen 10353holotype A A00312846, isotypes B B100278141, K KO00763432, L
L0064543).

Guettardella surigaoensiéSalamanes & Alejandro) J.G.Chaveamb. nov, ined.
Basionym Antirhea surigaoensisSalamanes &Alejandro, Acta Bot. Gallica Bot. Lett.
162(3): 153 (2015)Type PHILIPPINES. Bucas Grande, Socqrg® May 2013 ( ), B.
Lemana, J.A. Manaig, J.D. Salamanes & L.S. Sante8083holotype PNH, isotypes
PNH, USTH).

Guettardella talaudensigChaw) J.G.@avez,comb. nov., ined.
BasionymAntirhea talaudensiChaw, Tulane Stud. Zool. & Bot. 28(2): 107 (199B)pe
INDONESIA. Talaud, Karakelong31l May 1926 ( ), H.J. Lam 3260(holotype BO,
isotypes K KO00763443, L L0064541, SING SING0062103).

Guettardella tayabensi€Chaw) J.G.Chavezomb. nov, ined.

BasionymAntirhea tayabensi€haw, Tulane Stud. Zool. & Bot. 28(2): 109 (199®y)pe
PHILIPPINES. Luzon, Quezon, Mt. Binuangay 1917 ( ), M. Ramos & G. Edafio sub
B.S. 28869holotype NYNY00130840, isotypes A A00312850, BM BM000522432, K
K000763435, US US01050007).
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28. Guettardella tenuiflora(F.Muell. ex Benth.) M.E.Jansen, Blumea 29(2): 586 (1984).
Antirhea tenuifloraF.Muell. ex Benth., Fl. Austral. 3: 418 (186F)Guettarda tenuiflora
(F.Muell. ex Benth.) F.Muell., Fragm. 9: 183 (1875Matthiola tenuifloraKuntze, Revis.
Gen. PIl. 1: 288 (1891)lype AUSTRALIA. Queensland, Rockingham Bag.d (I ) ,
Dallachy s.n(lectotypeK K0O00763429designated by Jansen (1984: 5883lectaypes
BR BR531594, G G00389623, GOET GOET010169, MEL MEL2295609).

29. Guettardella ternatgChaw) J.G.Chavezomb. nov, ined.
Basionym Antirhea ternataChaw, Tulane Stud. Zool. & Bot. 28(2): 113 (199Pype
PHILIPPINES. SiargaaJunel919 ( ) M. Ramos & J. Pascasio sub BS 349i6lotype
SING SING0062104, isotygd30, NY NY00004682).
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Appendix 1. Accession numbers for included nucleotide sequences, presenting species names,
voucher, and genetic markers in the following order: ETS, BifB-rbcL, rps1§ trnT-F.
Sequences indicated with * are newly generated in this study. Previously published sequences:
a, Manns & Bremer (2010); b, Stranczinger e(@enBank, unpubl.); c, Janssens et al. (2016);

d, Rova et al(GenBank, unpubl.); e, Rova et al. (2002); f, Ret al.(2009); g, Paudyal et al.
(2018); h, Motley et al. (2005); i, Achille et #2006); j, Andersson & Rova (1999); k, Rydin

et al.(2008); I, Robbrecht & Manen (2006); m, Struwe et al. (1998); n, Costion(204b).

Acrosynanthus latifolius Standl., Rova et al. 2208(GB), 7, GQ852108 GQ851968
AF242900, GQ85245% Antirhea benguetensigElmer) Valeton,Lola & Lorenzo LLO18
(USTH), MT094480, MT101691, MT113381, MT094531, MT113420; Antirhea
borbonica J.F.Gmel.,De Block et al. 2004BR), MT094481, MT101692, MT113382,
KT218828, MT113421; Antirhea caudata(M.E.Jansen) ChawBanag & Hung PP005
(USTH), MT094482, MT101693, MT113383, MT094532, MT113422; Antirhea
chinensis(Champ. ex Benth.) Benth. & Hook.f. ex F.B.Forbebkl&msl.,Hu & Kong 005(L),
MT094483, MT101694, MT113384, 7, MT113423; Antirhea foveolataChaw,Alejandro et
al. 14753 (USTH), MT094484, MT101695, MT113385, i, MT113424; Antirhea
inconspicua (Seem.)Christoph., Tuiwana et al. 2999P), 1, GQ852132 GQ852023 1,
GQ852508 Antirhea ioensis(Baill.) Chaw, McKee 3961(L), MT094485, MT101696,
MT113386, MT094533, MT113425; Antirhea livida Elmer, Chavez & Zamudio PLO78
(FEUH), MT094486, MT101697, MT113387, MT094534, MT113426; Antirhea
madagascariensi€haw, De Block et al. 1808BR), MT094487, MT101698, MT113388,
MT094535, MT113427; Antirhea megacarpa Merr. & L.M.Perry, Ave 4480 (L),
MT094488, MT101699, MT113389, i, MT113428; Antirhea microphylla(Bartl. ex DC.)
Merr., Calaramo et al. LLOS4USTH),MT094489, MT101700, MT113390, i, MT113429;
Antirhea ovatifolia (M.E.Jansen) Chaw(Clarkson & Neldner 9265(L), MT094490,
MT101701, MT113391, MT094536, MT113430; Antirhea paxillata Chaw,Boltron et al.
G011 (FEUH), MT094491, MT101702, MT113392, MT094537, MT113431; Antirhea
putaminosa (F.Muell.) F.Muell., Shapcott MGHO047(BRI), MT094492, MT101703,
MT113393, MT094538, MT113432; Antirhea rhamnoidegBaill.) Chaw,McKee 375(L),
MT094493, MT101704, MT113394, MT094539, MT113433; Antirhea smithii (Fosberg)
Merr. & L.M.Perry, Smith 7685L), MT094494, MT101705, MT113395, i, MT113434;
Antirhea sp. 1, Abad JOO5(USTH), MT094495, MT101706, MT113396, MT094540,
MT113435; Antirhea sp. 2 Chavez 00{FEUH), MT094496, MT101707, MT113397, 7,
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MT113436; Antirhea sp. 3 Lola & Lorenzo LL114(USTH), MT094497, MT101708,
MT113398, MT094541, MT113437; Antirhea sp. 4 Docot & Banag CB1&24 (FEUH),
MT094498, MT101709, MT113399, 7, MT113438; Antirhea surigaoensisSalamanes &
Alejandro, Lemana et al. 13908USTH), MT094499, MT101710, MT113400, 7,
MT113439; Antirhea tayabensi€haw,0ng & Luna 1024FEUH),MT094500, MT101711,
MT113401, i, MT113440; Antirhea ternata Chaw, Lemana et al. 13942JUSTH),
MT094501, MT101712, MT113402, MT094542, MT113441; Arachnothryx hondurensis
(Donn.Sm.) LorenceCroat & Hannon 64177(NY), i, i, i, AF243018, AF152716;
Arachnothryx leucophylla(Kunth) Planch.Rova 2287(GB, S), MT094502, AY730296,
GQ85197% AF242916, MT094564+GQ852453 Arachnothryx sp., Rova 2093(GB), i,
AY730297, GQ852009 AF242934 GQ852488 Bikkia tetrandra (L.f.) A.Rich., Motley
2451(NY), KT333180, AY763874, 1,1, i; Bikkia tetrandra(L.f.) A.Rich., Curry 1402(K),
T, 7T, GQ851983 GQ852374 GQ85246%7 Bobea brevipesA.Gray, Takeuchi 3217(A),
MT094503,MT101713, MT113403, MT094543, MT113442; Bobea gaudichaudi{Cham.
& Schitdl.)H.St.John & Herbstylotley 253@NY), i, DQ063668 1, i, i ; Bobeagaudichaudii
(Cham. & Schitdl.) H.St.John & Herb$tagerlind 7183UPS),i, T, GQ851984 1, T; Bobea
sandwicensigA.Gray) Hillebr., Takeuchi 3265A), MT094504, MT101714, MT113404,
MT094544, MT113443; Chomelia obtus&Cham. & Schitdl.,JanserJacobs et al. 436(GB),
T, GQ852112 GQB851998 GQ8523858 GQ852478 Chomelia spinosalacq.,Siegler DS
12793 (MO), i, GQ852118 GQ851999 i, GQ852454 Chomelia tenuiflora Benth.,
Andersson et al. 203@GB, S),1, GQ852118 GQ852008 i, GQ852479, Gonzalagunia
cornifolia  (Kunth) Standl., Stahl 1407 (GB), MT094505, GQ852128 MT113405,
AF242948, GQ85250% Guettarda bolivianaStandl., Persson & Gustafsson 3545B),
MT094506, GQ852136, GQ852023 AF242962, GQ852505 Guettarda crispifloravahl.,
Andersson et al. 208(GB), MT094507, DQ063674 GQ852022 AF004052 GQ852508
Guettarda ferrugineaGriseb.,Rova et al. 2206GB), MT094508,GQ85213%, GQ852023
GQ852397 GQ852507 Guettarda glabrescens (Schltr.) GuillauminGateble 1079UBT),
MT094509, MT101715, MT113406, MT094545, MT113444; Guettarda glabresceng
(Schltr.) Guillaumin,Mouly 261 (L), MT094510, MT101716, MT113407, MT094546,
MT113445; Guettarda hypolasiaBaill., McKee 4196(L), MT094511, MT101717,
MT113408, MT094547, MT113446; Guettarda ngoyensi§Schitr.) Guillaumin,Gateble
1121 (UBT), MT094512, MT101718, MT113409, i, MT113447; Guettarda speciosd..,
Motley 2040(NY), KT33324%, i, i, T, T; Guettarda speciosd.., Achille 661 (P), T,
DQO063689 1,7, i; Guettarda speciosh., Rova 2492GB), i, 1, GQ852025 i, GQ852509
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Guettarda speciosh., Persson 141GB), 1,1, 1, AF242964, i ; Guettarda tournefortiopsis
Standl., Andersson et al. 2118GB), MT094513, GQ852133 GQ852026 MT094548,
GQ852516, Guettarda uruguensisCham.& Schitdl., Gillis 9575 (FTG), i, AY730294, i,
EU14548%, EU145538; Guettarda uruguensisCham. & Schitdl.jn cult. Bot. Gard. Lyoni
, T, DQ131739 i, i; Machaonia acuminataBonpl., Bullock 1432(MO), i, GQ852142
GQ852044, GQ852408 GQ852523 Machaonia erythrocarpa(Standl.) Borhidi,Espinoza
520 (GB), 1, GQ852108 GQ851972 MT094530, MT094563+GQ852452 Malaneasp.,
Persson 554 (GB), MT094514, MT101719, GQ852048 GQ852416, MT113448
Neoblakea venezuelensiStandl., Lieasner et al. 7785NY), i, 1, T, i, AF152732,
Ottoschmidtia microphylla(Griseb.) Urb.,Ekman H9433S), i, GQ852147 GQ852063,
GQ852422 GQ852532 Pittoniotistrichantha Griseb.,Croat 9311(NY), i, DQ0636951, i
, T; Rogiera amoenaPlanch.,Rova 2409GB), MT094515, AM18220%, GQ852073 i,
GQ852542; Rogiera amoendlanch. Hawkes et al. 19685),7, 1,7, AF243000, i ; Rogiera
cordata (Benth.) Planch.Gustafsson & Fredriksson 1265B), MT094516, AY730285,
GQ852074 AF242999 GQ852543 Stenostomum acreanum(K.Krause) Achille &
Delprete,Cornejo et al. 889%GB), MT094517, MT101720, atp, MT094549, MT113449;
Stenostomum acreanun(K.Krause) Achille & DelpreteAndersson et al. 203(GB), i, T,
GQ852026, i, i; Stenostomum acutatundC., Axelrod 3288(NY), i, DQO063696 i, i, 1;

Stenostomum acutaturdC., Stahl & Knudsen 2316GB), 1,7, i, AF242907, AF102378"
Stenostomuntucidum (Sw.) C.F.Gaertn AcevedeRodriguez 8468NY), i, DQ063697, 1, i
, T; Stenostomumlucidum (Sw.) C.F.Gaertn.Sanders 1801FTG), i, 7, GQ852088

GQ852447 GQB852558 Stenostomum resinosuifyahl) Nicolson Axelrod et al. 2728NY),
T, GQ852148 GQ852058 GQ852417, GQ852528 Timonius beamaniiK.M.Wong & Jun
H.ChenBeaman 8491US),MT094518, MT101721, MT113410, MT094550, MT113450;
Timonius borneensisValeton, Church 2695(A), MT094519, MT101722, MT113411,
MT094551, MT113451; Timonius celebicusKoord., Ridsdale V.D. 237, GQ852157%,
GQ852095, 1, GQ85256% Timonius confertiflorusMerr., Alejandro et al. 15602BJSTH),
MT094520, MT101723, MT113412, MT094552, MT113452; Timonius densiflorus
Valeton, Takeuchi et al. 429§US), MT094521, MT101724, MT113413, MT094553,
MT113453; Timonius flavescens (Jacq.) Baker, Beaman 8720(US), MT094527,
MT101725, MT113414, MT094554, MT113454; Timonius korrensis Kaneh, Costion
344814, 71, KR922357, KR922398, i, KR922402; Timonius mollisValeton,Costion 3361
(CNS), MT094523, KR922360, KR922399, MT094555, MT094565+ KR922403;
Timonius platycarpus Montrouz., McKee 3441 (US), i, MT101726, MT113415,
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MT094556, MT113455; Timonius pulgarensisElmer, Chavez & Zamudio PL11FEUH),
MT094524, MT101727, MT113416, MT094557, MT113456; Timonius salsedoiFosberg
& Sachet, Costion 3493 (CNS), MT094525, KR922359, KR922397, MT094558,
MT094566+ KR922401T; Timonius subauritusValeton, Costion 3359CNS), MT094526,
KR922365, KR922396, MT094559, MT094567+ KR922400; Timonius timon (Spreng.)
Merr. var. timon, Dransfield 7707(A), MT094527, MT101728, MT113417, MT094560,
MT113457; Timonius wallichianus (Korth.) Valeton, Ismail 1S436 (A), MT094528,
MT101729, MT113418, MT094561, MT113458; Tinadendron kajewskii(Guillaumin)
Achille, Achille 958(L), MT094529, MT101730, MT113419, MT094562, MT113459;
Tinadendron noumeanum(Baill.) Achille, Achille 662 (P), i, DQ063683 i, i, i;
Tinadendron noumeanungBaill.) Achille, Mouly 859(P), T, T, GQ85209%7 i, GQ852563
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Appendix 2. List of coded microstructural characters and their aligned positions.

I. atpB-rbcL intergenic spacer

A. Gaps
1. 151162
2. 561-564
3. 589

B. Short sequence repeats
1. 190191: TA
2. 690694: TAATA
3. 714736:CTGATTAGTTGATAATATTAGTA

[I. rpsl6 intron

A. Gaps
1. 32-34
2. 174

B. Short sequence repeats
1. 327-331: TAGAA
2. 615620: TTTTTC
3. 698705: ATTTATTA

[ll. trnT-F region
A. Gaps

1. 162
233238
345365
662
724728
818
966-969
1293
15351538
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B. Short sequence repeats
1. 20-24: ATTTT
2. 250-255: ATT (doublet)
3. 11421146: TGATT
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Appendix 3. Majority-rule consensus tree inferred from Bayesian inference of the ETS+ITS

dataset. Numbers on nodes indicate Bayesian posterior probabilities, makikesliimod

bootstrapvalues (boldface), and parsimony bootstrap values (italics).
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Bikkia tetrandra
Acrosynanthus latifolius
Rogiera cordata

Rogiera amoena
Machaocnia acuminata
Allenanthus erythrocarpus
Gonzalagunia cornifolia
Arachnothryx sp.
Arachnothryx leucophylla
Guettarda lournefortiopsis
Guettarda crispifiora
Pittoniotis trichantha
Bobea gaudichaudii
Bobea sandwicensis
Bobea brevipes
Malanea sp.
Stenostomum lucidum
Stenostomum acreanum
Ottoschmidtia microphylla
Stenostomum acutatum
Chomelia tenuiflora
Chomelia spinosa
Guettarda speciosa
Guettarda ferruginea
Guettarda uruguensis
Guettarda boliviana
Neolaugeria resincsa
Chomelia obtusa
Antirhea madagascariensis
Antirhea borbonica
Timonius timon var. timon
Timonius densiftorus
Timonius wallichianus
Timonius flavescens
Timonius borneensis
Timonius beamanii
Timonius pulgarensis
Timonius confertifiorus
Timonius celebicus
Timonius subauritus
Timonius salsedoi
Timonius moliis
Timonius Korrensis
Timonius platycarpus
Tinadendron noumeanum
Tinadendron kajewskii
Guettarda ngoyensis
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Appendix 4. Majority-rule consensus tree inferred from Bayesian inference otithg
rbcL+rpsl6+rnT-F dataset. Numbers on nodes indicate Bayesian posteradrabilities,

maximunilikelihood bootstrap values (boldface), and parsimony bootstrap values (italics).
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The circumscription of the Paleotropical dioecious and speciegenusTimoniushas long

been based on the restricted combination of morphological features, namely: valvate corolla
aestivation and drupes bearing multiple, frei@gleseeded pyrenes. Previous studies, albeit
focused on different taxonomic problems in tribe Guettardeae, have two contradicting views on

the phylogenetic status dimonius The first is thafTimoniusis monophyletic, but did not
encompass the vastorphological variation within the genus. The second isTimabniusis
polyphyletic, although the hypothesis relied on a limited number of species. A further element

that casted doubts on the current delimitatiomiofoniusis the manifestation of cryigtsexual
polymorphism (fAleakyo dioecism) of some Phil
of Timoniusand related genera is here reconstructed using sequences obtained from five
molecular loci (ETS, ITSatpB-rbcL, rpsl6andtrnT-F) to provide abetter understanding on

its generic boundaries. The phylogenetic results generally affirm the unnaturalhiessratis

and its species are retrieved in three sgalpported clades: 1Abbottia clade, containing
representatives of. subgen.Abbottig 2) fiLakapatiphytoo c | ad e, containin
species with @l elananusclade,icaniicing shenmagority of tBe) sampled
species offimonius whereas the New Caledonian endemi@latycarpugs recovered in an

isolated position that isster toTinadendron These findings are supported by morphological

characters and molecular apomorphies, implyinghdeessity to resurrect the gemisbottia

“For szbmission, Taxon.
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With an amended diagnosis and to establish the new dexkapatiphyton so that a more
natural concept offimonius could be rendered. Diagnostic morphological characters of

Timoniusclade are also presented for succeeding efforts toward a more stable taxonomy of the
genus.

Keywords Abbottig dioecy, Guettardee,LakapatiphytonPaleotropics, phylogenyjmonius

90



Introduction

The tribe Guettardeae (ca. 20 genera, ~740 spp.) are one of the most taxonomically complex
groups within the Rubiaceae. Guettardeae, as a tribe, thaireorigins in the scheme of
Candoll e (1807) as NAGuettardaceaeo that wer
locules. Verdcourt (1958) and Bremekamp (1966), wiere concerned with suprageneric
classification in Rubiaceae, have placed Guettardederuhe monotribal and illegitimate
subfamily Guettardoideae. Later, Robbrecht (1988) modified the subfamilial classification in
Rubiaceae and assigned Guettardeae to the subfamily Antirheoideae. However, molecular data
contradicted the naturalness of Rob e c h't 6 s Aamd suggdstedthatdGaiettardeae are
better placed in the subfamily Cinchonoideae (Bremer & al., 1995). Recent phylogenetic studies
(Rovag& al., 2002, 2009; Manns &remer, 2010) have also expanded the tribal boundaries of
Guettardeae to include some genera previously classified in ChiocoétleaarfthusStandl.,
Hodgkinsonia F.Muell.), Isertieae Gonzalagunia Ruiz & Pav.) and Rondeletieae
(ArachnothryxPlanch.,Ragiera Planch.). Whereas the first broad phylogenetic framework of
Guettardeae (Achill& al., 2006) had uncovered many taxonomic problems within the group,
including the paraor polyphyly of AntirheaComm. ex JussensuChaw & Darwin (1992),
GuettardaL. and StenostomunC.F.Gaertn., but was unable to dramoroughtaxonomic

conclusions because of the limited sampling and poor support values of some of the clades.

As currently understood;imoniusRumph. ex DG.nom. cons(Fig. 1)is the most speciose
genus in Guettardeae and one of the largest in Rubiaceae (Davis2QQ8). It is comprised

of 185species (Govaer& al., 2019), with some authors having a iesaservative estimate

of 200 (Darwin, 2010) to 300 (Ché&nal., 2015) species. The genusadive to the Paleotropics

and its species are distributed from Seychelles and Sri Lanka, eastward @hindpTaiwan,
Malesia, Papuasia and Australia, watfew extending to the Souitentral and Soutlwvestern
Pacific islands. Within this range, theominent centers of species diversity are New Guinea
with 86 species (Govaerts & al., 2019), the Philippines with 33 species (Merrill, 1923; Chavez
& al. 2020a, 2020b) and Borneo with 24 species (Puff & Wong, 1993; Chen & al., 2015).
Timoniusis distinguitied by the combination of characters, namely: shrubs to tall trees, rarely
epiphytic or hemiepiphytic, variable dimorphism of inflorescences and/or flowers, valvate
corolla aestivation that occasionally appears imbricate due to the interlocking corella lob
margins and calyxcrowned drupes bearing numerous separate ssgglded pyrenes (Gray,
1860; Valeton 1909, 1927; Merrill & Perry, 1945; Jansen, 1984; Fosberg & Sachet, 1987,
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Wong, 1988; Darwin, 1993, 1994, 1997, 2010; Achille, 2006; Achille & al., 2066n & al.,
2015; Chavez & al., 2020allimoniusis also relatively unique within the Rubiaceae due to its
large number of locules (Achill& al., 2006) that can reach to more than 80 (Darwin, 1994).
This increase in the number of loculgas underpinret to the serial fragmentation of each of
the primary locules during gynoecium development (Martinello, 1992). Briggs & Utteridge
(2014) also reported that certain specieslofionius i.e. T. grandifoliusValeton, exhibit

dehiscent drupes.

As a genusJimoniushas had a confusing taxonomic and r
was first used in the botanical literature by Rumphius (1743) as a Latin vernacular for the
flaytimord  aimomdi t h a't he described from the islan
validated Timoniusas a genysbut continued to assign the binomi&al rumphii DC. to the

Rumphian material (Rumphius 1743: 216, tab CXL) despite his recognition that Sprengel
(1813) had already associatéaf it the namekErithalis timon Spreng. This nomenrafural

decision of Candolle (1830) was corrected by Britten (1901) with a new combiridélonis

timon( Spreng. ) Britten, citing the I imits of pl
(1894) disposition thalelitris Gaertn, nom. illeg.antedatedlimonius Afterwards, Merrill

(1937) proposed. timon(Spreng.) Merr(Fig. 1K), which later became the conserved type

species offimonius(Rickett & Stafleu, 1960).

Before the formalization ofimonius(Candolle, 1830), several generadtlmeen established
that were based on different species with drupes containing numeroussgiedés and free
pyrenes, these ar8urneyaCham. & Schltdl. (Chamisso & Schlechtendal, 18Z)thalis
G.Forst.,nom. illeg.(Forster, 1786)HelosporaJack (Jackl1823),Nelitris (Gaertner, 1788),
PolyphragmonDesf. (Desfontaines, 1820) arrbrocarpusGaertn. (Gaertner, 1791). The
interpretation of the original descriptions of these genera, as well as their application in various
taxonomic treatments compounded tisage offimoniusas a generic name. Candolle (1828,
1830) treated these genera, exdeptocarpus in three separate tribes within Rubiaceae and
one in Myrtaceae. He classifid®blyphragmonin Hamelieae Helosporain Gardenieae [as
AGar deni e aleneraus to \hich BobeaGaudich. and the illegitimatérithalis and

its replacement nam8urneyawere at the same time synonymized, Guettardeae [as
AGuettar daceae 0 NelitisCanrihe other kandyas 8eatdd) in Myrtaceae
(Candolle, 182Bas a probable consequence of the misapplied synonyr»eadspermum

fruticosumlJ.Forst. & G.Forst. tbl. jamboselleG.Forst. [7. flavescen§lack) Baker] made by
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Gaertner (1788) (for a brief discussion, see Scott, 1979; McNeill, 1981). Later, Kot (
recognized the similarity of the thé@n rumphiito P. sericeunDesf. [=T. timor] and reduced
Timoniusto a synonym oPolyphragmon Kor t hal s6 (1851) opinion
(1876), Kurz (1876) and Miquel (1857, 1869), who also synonynietdsporaand the post
Candolle genukupyrenaWight & Arn. (Wight & Arnott, 1834}o PolyphragmonApparently,
Hooker (1873) had a tangential standing on the nomenclature and ad@imptedusinstead of
Polyphragmon It was also inthis work (Hooker, 1873)that Porocarpusresurfaced in the
literature and became a synonymTahonius although the association of its type spedkes,
helminthothecaGaertn., remains insufficiently known. The preference of Hooker (1873) for
Timoniusover Polyphragmorwas followed by Hooker (1882), Boerlage (1891), Schumann
(1891) and Warburg (1891). Theposing mainstream opinions of Korthals (1851) and Hooker
(1873) mayhave led to the proposal to conserve the usadenudniusagainst earlier generic
namesthat was effectedni the Viennarules of botanical nomenclatu®riquet, 1912).
However,Nelitris was later excluded from the list of rejected names againginiusbecause

it belongs to Myrtaceae (Rickett & Stafleu, 1960; Wong, 198&ile Bobeawas never
formally rejeced againsimoniussince it was earlier recognized as distinct friba genus
because opolygamodioecism, imbricate corolla lobes and uniseriate pyréti#isbrand,
1888; Schumann, 1891).

The earliest modern treatmentlomoniuswascarried ouby Valeton (1909). His delimitation,
including that of Gray (1860), became widely accepded eventually madeTimoniusa
culminating genus for all Paleotropical (excluding Hawaii) dioecious species of Guettardeae
with free pyrenes. This concept had led to thecdiption of at least another 150 species and
infraspecies names ifimonius(e.g., Wernham, 1916; Valeton, 1927, 1930; Kanehira, 1931;
Merrill, 1937; Merrill & Perry, 1945; Fosberg & Sachet, 1987; Wong, 1988; Darwin, 1983,
1993, 1994, 1997, 2010 Chen & al., 2014; Chavez & al., 2020a) and the reduction of the
Australian monotypic genuabbottiaF.Muell. as another synonym (Smith, 1957). After the
influential work of Valeton (1909)Timoniushad still received little attentiomd knowledge

of the genus had only been contained in regional treatments for Borneo including Kinabalu Park
(Puff & Wong, 1993; Chen & al., 2015, 2020), the Malay Peninsula (Wong, 1988), Palau
Islands (Fosberg & Sachet, 1987), Papuasia (Valeton, 1927), the Philippines (@23,
Taiwan (Chen & Taylor, 2011) and Thailand (Puff & al., 2005). In addition, Darwin (1997)
revised theT. flavescenspecies alliance of Papuasia, while Chavez & al. (2020b) published a

short communication for Philippine species. An attempt waswadste by Darwin (1993, 1994,
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2010a) to infer infrageneric groupings withinmonius but unfortunately his subgeneric
classification may not be widely applicable as it was only based on a relatively small number

of species and limited geographic coverage.
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Whil e some of the Atop twentyo | arvgarealy gener
been subjects of molecular phylogenetic studies and their delireatemow understood
(Nepokroeff &al. 1999; Alejandr& al., 2005; Achille & al., 2006; Groeninckx &l., 2009;

Mouly & al., 2009; Ehrendorfer & Béuss, 2014; Razafimandimlois & al., 2014; De Block

& al., 2015; Razafimandimbison & Rydin, 201®%)moniushad only been partly discussed in
phylogenetic investigations that addressed different issues (Achille & al., 2006; Pessoa, 2016).
In the nrDNAbased phylogeny of Achille & al(2006), Timonius was retrieved as a
monophyletic assemblage within their Paleotropical dioecious clade, and is sister to a polytomy
containing Western Pacific speciesAuitirheaand New CaledoniaGuettardaincluding the
recently describedinadendron(Achille, 2006). This monophyly ofimoniusis, however,
uncertain since it was only assessed with five species that did not cover the vast morphological
variation within the genus presented by earlier authors (e.g., Valeton, 1909; Merrill & Perry,
1945; Wang, 1988, Darwin, 1994). Pessoa (2016), on the other hand, despite having sampled
only two species revealed that the genus is polyphyletic. In her work, Pessoa (2016) retrieved
T. timonas sister to the New Caledonian endefitadendron noumeanu(Baill.) Achille,

while T. affinis A.Gray was recovered as sister to all Paleotropical dioecious genera of
GuettardeaeTimonius affinisbelongs to a distinct group comprising 28 species that is
characterized by hemiepiphytism and retiqaiillate leaf venationsubgenusAbbottig

Darwin, 1994). Another factor that cast uncertainties on the naturalnBssasfiusas currently

del i mited, I's the cryptic sexual pol ymor phi
exhibited by some Philippine endemic specieshsas:T. auriculatusMerr. (Fig. 1A), T.
samarensidMerr. andT. trichophorusMerr. (Fig. 1.). This set of characters was neither

considered nor mentioned in the seminal treatmentBifooniusfrom the past decades.

Y Fig. 1. Representative species ®imonius A, T. auriculatus staminateB, T. belensis
pistillate; C, T. finlaysonianus staminate;D, T. flavescensstaminate;E, T. lanceolatus
pistillate; F, T. nitidus staminate(s, T. platycarpuspistillate;H, T. sechellensjstaminatel,

T. singularis pistillate; J, T. tambuyukonensispistillate; K, T. timon pistillate; L, T.
trichophorus staminate;M, T. uniflorus staminate;N, T. wallichianus staminate;O, T.
valetonii staminated Photos: A, C, E, O by Jayson G. Chavez; B by Wayadestichi; D, N

by Cerlin Ng; F by Lauren Gutierrez; G by Guillaume Lannuzel; H by Vit Grulich; | by Andreas
Lambrianides; J by Rogier van Vugt; K by John Elliot; L by John Michael M. Galindon; M by

Jean Francois Butaud.
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In this study, the first kepth ingghts into the phylogeny ofimoniusbased on commonly
utilized genetic markers (nrDNA: ETS, ITS; cpDN&tpB-rbcL, rps16 trnT-F) and a broader
sampling of taxa included in the Paleotropical dioecious clade of Achille & al. ;(2@¥hera,
73 speciesis provided. This phylogeny is utilized to-egaluate the current taxonomic
circumscription ofTimoniusand propose practical generic-assignments for some of its

species without contradicting their molecular affinities.

Materials and methods

Taxon sampling

To test the phylogenetic status ®fmonius the investigation was made to include all
Guettardeae genera (Manns & Bremer, 2010) with the exception of th®idranthe
Thwaites because of difficulties in obtaining sequenceable mat8agluences which were
produced by previous studies (e.g., Achille & al., 2006; Manns & Bremer, 2010) were also
incorporated. Sampling of the Paleotropical dioecious clade of Guettarde8epaatAchille

& al., 2006) was expanded to represent as maegiap as possible to cover the morphological
variation and geographical distribution of each genus. For this, a total of 85 accessions of
Paleotropical dioecious Guettardeae were investigated that incladedhea (23 species),
Bobea (3 species),Guettada (New Caledonia, 3 speciesjjodgkinsonia (1 species),
Tinadendron(2 species) andimonius(47 species and varieties). Extraction of DNA from
herbarium vouchers dfimoniuscollected in the island of New Guinea, which harbors 46% of
the recognized spexs, was carried out, but only nine species yielded useful amounts of DNA,
l.e. T. belensidMerr., T. carstensensid/ernham,T. densiflorus/aleton,T. kaniensis/aleton,

T. laugerioidesWernham,T. pubistipulusS.P.Darwin,T. secundiflorusS.P.Darwin,T. sp. 1
andT.sp. 2. The samplés sp. 1 and. sp. 2 were identified as of uncertain affinities following

the works of Valeton (1923) and Darwin (1983, 1993, 1994, 1997, 2010a & b), and are
hypothesized to be putative novel speciésoniussp. 3 andr. sp. 4, both from Borneo, did

not complement any of the recognized species from the region (Puff & Wong, 1993; Chen &
al., 2015; Chen & Wong, 2020) and constitute undescribed species. Two species from the
Philippines,T.sp. 5 and'. sp. 6, are found to lkadlied toT. flavescenandT. tambuyukonensis

Jun H.Chen, respectively, but remain morphologically distinct. In addition, two Philippine

Guettardeae species of uncertain generic affinity were included. These species, here indicated
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asi L a k a p a dsp.pang sp mve free pyrenes that fit the concepliafoniusbut they
exhibitimbricate corollas that cadbubts for their inclusion in the genus. Representatives of
tribes ChiococceaeB(kkia tetrandra (L.f.) A.Rich), Hymenodictyeae Hymenodictyon
orixense (Roxb.) Mabb.), NaucleeaeNéuclea orientalis(L.) L.), and Rondeletieae
(Acrosynanthus latifoliusStandl.) were designated as outgroups based on the previous
molecular study of subfamily Cinchonoideae by Manns and Bremer (2010). Voucher details

andGenBank accessions of the sampled taxa are presented in Appendix 1.

Molecular procedures

Total DNA was isolated from siliedried or herbarium materials following a modified 2X

CTAB mini-prep procedure (Doyle &oyle, 1987) using Carlson lysis buffer (Carls®ral.,

1991) and subsequently cleaned with NucleoSpin Extract Il (Magdteggl, Germany). For

recal citrant s -menqapteethanol ek %added/ to theb extraction buffer.
Amplification and sequeneg of two nuclear (ETS, and ITS) and three plastighB-rbcL,

rps16 andtrnT-F) regions were carried out with the primers listed in Table 1. The reaction for

the nuclear regions was perfored2i® 2% €I10xv
buffer , 1.5 €12 2838 wM ®@Ch of 10 mM forward and
1 ¢l 1% BSA, 2 ¢l D NTAgpdlyenengsée. &ar ¢he plastd re@ons3 5 ¢ |
amplification was accompl i she@, i5 ¢&I0uffeflx vRCRI
5 ¢l 25 > IMgeGlch of 10 mM forward and rever
0.5 ¢l 1% BSA, 5 ¢l TagpdlymerasengHernal eycliagnpobfileOfar 2 5 ¢ |
the ETS and ITS regions followed To&hal. (2013) and Alejandr& al. (2005), respectively,

while for the plastid regions the program started with an initial denaturation at 94°C for 2 min,
followed by 35 cycles at 94°C for 45 s,-52°C for 1 min, 72°C for 80 s, and ended with a

final extension at 72°C for 6 min. All PCR angans were purified with QIAquick PCR
purification kit (QIAGEN, Germany) and sequenced by Eurofins Genomics (Ebersberg,

Germany) or Macrogen Europe (Amsterdam, the Netherlands).

Phylogenetic reconstruction

Sequences from each genetic region were aligisety MAFFT v.7 (Katol& al., 2017) and
adjusted in PhyDE v.0.997 (Mull&r al., 2010) following the criteria of Kelchner (2000) and

Simmons (2004). For the plastid markers, three-ptignhment approaches were performed
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Table 1.Primers used in this study

DNA Primer Sequence 5060Y36 Reference
region
ETS ETSErit-F | CTTGTATGGGTTGGTTGGA NegronOrtiz &
Watson (2002)
18SE GCAGGATCAACCAGGTAGCA Baldwin & Markos
(1998)
ITS P17F CTACCGATTGAATGGTCCGGTGAA | Popp & Oxelman
(2001)
P16F TCACTGAACCTTATCATTTAGAGGA | Popp & Oxelman
(2001)
26S82R TCCCGGTTCGCTCGCCGTTACTA | Popp & Oxelman
(2001)
P25R GGGTAGTCCCGCCTGACCTG Liden & al. (1995)
atpBrbcL [r bc | 5 ( CTCTTTAACACCAKCYTTGAATCC | Rydin & al. (2008)
at pB5 ( CCGATGATTTGGACAATACG Rydin & al.(2008)
rps16 rpS16F AAACGATGTGGTARAAAGCAAC Shaw & al. (2002)
rpS16R AACATCWATTGCAASGATTCGATA | Shaw & al. (2002)
trnT-F trnT-F_alF | ACAAATGCGATGCTCTAACC Razafimandimbison
& Bremer (2002)
c CGAAATCGGTAGACGCTACG Taberlet & al.
(1991)
e GGTTCAAGTCCCTCTATCCC Taberlet & al.
(1991)
trnT-F_iIR | CCAACTCCATTTGTTAGAAC Razafimandimbison
& Bremer (2002)
d GGGGATAGAGGGACTTGAAC Taberlet & al.
(1991)
f ATTTGAACTGGTGACACGAG Taberlet & al.
(1991)

prior to phylogenetic analyses. First, inferrsdnonucleotide repeats of uncertain length
homology and series of inversions were manually excluded. Second, additional ambiguous sites

were eliminated using Gblocks v.091b (Castresana, 2000) with the following conditidns:

and-b2 were set to half theumber of sequences +b3 was 8;b4 was 5, aneb5 was set to

half. Third, gaps and simple sequence repeats were manudéy éollowing Simmons and

Ochoterena (2000) and Ocheera (2009). The coding of these microstructural characters
(mch) was onlydone if the sites could be unambiguously aligned across the sampled taxa and
were flanked by conserved sequence motifs. For the nuclear markers, automated curation of
ambiguous sites were also conducted in Gblocks, while coding of microstructural clsaracter

were not performed because identified gaps were difficult to align and might increase

homoplasy in the nuclear dataset.
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The matrices of the five genetic markers and the coded microstructural characters (mch) were
concatenated for phylogenetic analyses using Bayesian inference (Bl), maximum likelihood
(ML) and maximum parsimony (MP). Optimal dagartitioning scheme and be#ting
molecular evolution models were estimated under the Bayesian Information Criterion with
PartitionFinder v.2.1.1 (Lanfed& al., 2016). The suggested partitioning scheme atpB-
rbcL+rpsl6HrnT-F and ETS+HITS (hereafter referred as chloroplast mnclear partition,
respectively) with GTR+0 model of evolution
invariable sites for the chloroplgsartition. For the coded mch, the restriction site model (F81)
was applied to consider ascertainment bias iBttaalyses, while the uncorrected BIN model

was used for the ML analyses. Congruence of the chloroplast+mch and nuclear partitions was
evaluated by visual inspection of the resulting tree topologies from each separate analyses prior
to phylogeny estimatins using the concatenated dataset.

Bl were employed using MrBayes v.3.2.6 (Ronquistl., 2012) in the CIPRES Science
Gateway platform (Mille& al., 2010). Two independent Bayesian Markov chain Monte Carlo
(MCMC) of 50 million generations were carried out, with four chains of incremental heating
scheme and sampling every 1000 generations. The first 50% of the sampled trees were
discarded as busim. For the concatenated dataset, substitution rates, base frequencies and rate
of heterogeneity were unlinked across the partitions. To ensure convergence of the MCMC
simulations, the behavior of the runs were inspected in Tracer v.1.7.1 (Ra&nbapuf018)

and statistics were assessed using RWTY package (W&redn 2017). ML analyses were
conducted in RAxXxML v.8.2 (Stamataki s, 2014)
model for both nucleotide partitions in the analysis of the concatenateétdagaause only

one set of parameter can be utilized. The trees with the highest likelihood score were obtained
with default parameters and 1000 iterations, while node support values were estimated with
10000 bootstrap iterations. MP analyses were peddimPAUP v.4.0 (Swofford, 2002) with

a heuristic search procedure of 1000 random addition replicates, tree bisectionection

(TBR) branch swapping, MULTREES option in effect and gaps treated as missing data.
Bootstrap analyses of 10000 iterationgaveonducted to evaluate node support with the same
heuristic search settings but with no retention of multiple trees per iteration. Based on Hillis &
Bul | (1993), we regarded the propor@9%,on of
Maximum Likelihamdb oot st r ap v aTOwedsMaxinMin P&8simon® bootstrap

( MP B 5D as the threshold for wedlipported clades.
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Results

Sequence characteristics

Table 1 summarizes the number of terminals and basic statistics afighed molecular
sequences anhcoded microstructural characters (mch) utilized in the phylogenetic analyses
(available from J.G.ChavgzFurther details concerning the nature, position and motif of the

coded mch is madavailable in suppl. Appendik

The chloroplast partition (excluding coded mch) consisted 3115 sites out of the 3904 aligned
positions. The portions of included sites that comprised the partition were: 728tfBmbcL,

721 fromrpsl6and 1666 fromirnT-F. Prior to the automated cumati of ambiguous sites
present in these markers, four microstructural hotspots were excluded. One of these was a 24
bp poly-A/T segment of unatain length homology (positiaB82 405 ofatpB-rbcL alignment;
available from J.G.Chavgawhile three were shomversions: 1) 8 bp segment atpB-rbcL
(position 5644756454 of Antirhea chinensischloroplast genomeGenBank accession:
MK102723; Fan & al., 2019), 2) 6 bp segmentpsl6 (position5628 5633 0f A. chinensis
chloroplast genomé&enBank accession: MK2723; Fan & al., 2019) and 3) 3 bp segment in
trnT-F (position 4852248524 of A. chinensischloroplast genomeGenBank accession:
MK102723; Fan & al., 2019). Unexpectedly, all the genetic markers comprising the chloroplast
partition displayed low sequeneariation resulting only to 670 variable sites, of which 293
were informative: 61 fromatpB-rbcL, 89 fromrpsl6and 143 frontrnT-F. On the other hand,

the nuclear partition consist8d7sites after the automated exclusion of ambiguous characters.
The two markers in this partition provided the most number of variable sitesotial of 593
positions,406 of which were informative. The manual search for mch occurrences from each
of the chloroplast markers, as described above, resulted to 41 inforrbateag-coded
positions, 26 of which were gap characters and 15 were G8Rgl. Appendix 2)Frequency

of coded mch were proportional to the léngf the genetic marker:féom atpB-rbcL, 9 from
rpsl6and 23 fromirnT-F. Gap characters have a length of 1 bp to 21 bp, while SSRs ranged
from a 2 bp -TA8BPe a tp o(3dAt tfagBrbcL B i@ment suppl. Appendix

1) to a 23 bp-CTGATTAGTTGATAADATTAGTA-3500, posi75iof on 72

atpB-rbcL alignment, available from J.G.Chavgz
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Fig. 2. The Bayesian 50% majorile consensus tree based on the combined chloroplast+mch
and nuclear partitions. Numbers above branches are Bl posterior probabilities, whereas those
below branches are ML bootstragwes (boldface) and MP bootstrap values (italics). Dashes

indicate bootstrap values < 50. Inset is same tree with Bl branch lengths.
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Table 2.Characteristics of alignemts used in the present study.

Dataset Nuclear partition Plastid partition Combined
dataset
ETS ITS atpB- rps16 trnT-F
rbcL

Number of 88 119 111 97 118 121
terminals
Alignment 498 879 1031 869 2004 5281+41
length coded mch
Number of 383 594 728 721 1666 4233+41
included sites coded mch
Variable sites | 270 323 131 211 328 1263
Parsimony 178 228 61 89 143 759+41
informative (46.48%) | (38.38%) | (8.38%) | (12.34%) | (8.58%) | coded mch
sites (%)
Coded | | 9 (3gaps |9 (6gaps |23 (17 41
microstructural + 6 SSRs) + 3 SSRs)| gaps + 6
characters/ SSRs)
mch

Phylogenetic reconstruction

Comparisons of tree topologies obtained from the separate analyses of the chloroplast+mch and
nuclear partitions (suppl. Figs. SP) did not identify welsupported conflict¢PP > 0.95,

MLBS > 70, MPBS > 7Q)although the trees that resulted from ¢ch&roplast+mch partition

are less resolved. Thus, these partitions were combined and analyzed in unison. The generated
phylogenies from the different tree reconstruction approaches using the combined dataset are
concordant and resolutions are enhancel mist of the terminal clades having higher support
values than the separate analyses of the two partitions. This suggests that the chloroplast+mch
and nuclear partitions simultaneously contribute additional phylogenetic signals. However, the
only differerce between the three phylogenetic methods is the support values obtained-for inter
clade relationships, in which Bl provides high to moderate posterior probabilities while ML and
MP provide poor bootstrap values (MLBS, MPBS < 70). This is interpretechbereeflection

of the differing approaches in evaluating clade supports by the frequentist technique
(bootstrapping) and probabilistic method. In addition, this pattern in the statistical supports
within Guettardeae was also observed in the previous studghille & al. (2006) where its
evolutionary implication was discussed. Given this, the Bayesian consensus tree of the
combined dataset is utilized, with ML and MP bootstrap values indicated below branches (Fig.
2). The discussion is only based on ttasult as it provides the bestipported hypothesis for

Guettardeae.
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In the topology of the consensus tree (Fig. 2), the core group of Guettardeae (Achille & al.,
2006), including Antirhea Bobea Chomelia Guettarda Malaneg Neolaugeria
OttoschmidtiaPittoniotis, Stenostomum@ndTimonius is retrieved with high support (PP=1.00,
MLBS= 99, MPBS= 97). The remaining taxa of the triBegiera(PP=1.00, MLBS= 100,
MPBS= 100)Machaonia+ NeoblakegPP= 1.00, MLBS= 99, MPBS= 100) aAdachnothryx

+ Gonzalagumia (PP=1.00, MLBS= 100, MPBS= 99), are indicated as subsequent sisters to this
core group. Within the core Guettardeae, a polytomy is inferred constituting Neotropical
representatives arkbbea Nevertheless, some of the terminal clades in this polytoenyell
supported, these arBobea(PP= 1.00, MLBS= 98, MPBS= 10Q}uettardacrispiflora + G.
tournefortiopsiq Tournefortiopsie PP= 1.00, MLBS= 100, MPBS= 100) aGdiettardas.s.
(PP=1.00, MLBS= 99, MPBS= 98). On the other hand, the Paleotropieaiclis genera as
interpreted in Achille & al. (2006) are retrieved in a clade, albeit receiving moderate posterior
probabilities (PP= 0.94) and low bootstrap supports (MLBS= 60, MPBS= 52). The South
AmericanChomelia obtus# shown as sister to this ce@®P=1.00, MLBS= 78, MPBS= 73).

The Paleotropical dioecious group is divided into seven-svgdported clades (Fig. 2), and
indicates the polyphyly ofimonius as well as the gendstirheaas understood by Chaw &
Darwin (1992). The first cladeApbottig PP= 1.00, MLBS= 98, MPBS= 99) is formed by
affinis, T. belensisT. carstensensidl. pubistipulusT. secundiflorusandT. singularis The
second cladel@kapatiphyton PP=1.00, MLBS= 100, MPBS= 100) contains the two species
of Lakapatiphytonand three species dfimoniusfrom the Philippines . auriculatus T.
samarensigndT. trichophoru3. AntirheasubgenAntirhea comprised only of species native

to the Indian Ocean, is indicated as the third monophyletic group (PP= 1.00, MLBS= 98,
MPBS= 100). The New Caledonian endemic and bitypic g&imasdendronrepresents the
fourth clade (PP= 1.00, MLBS= 99, MPBS= 99) to ethiTimonius platycarpus retrieved as

its sister with high support from Bl but received low supports in ML and MP (PP=1.00, MLBS=
63, MPBS=52). The fifth clade consists of representativAsaafbgenMesocarpaalong with

three species of New Caledan Guettarda(G. glabrescensG. hypolasiaandG. ngoyensis
(PP=0.99, MLBS= 76, MPBS= 77). Representative&rdirheasubgenGuettardellaand the
Australian monotypicdHodgkinsoniaare retrieved to comprise the sixth clade that is-well
supported by Band ML but poorly supported by MP (PP= 1.00, MLBS= 71, MPBS= 59).
Lastly, the remaining accessions ®fmonius are recovered in a wedupported clade
(Timonius PP=1.00, MLBS= 86, MPBS= 77).
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Discussion

The molecular evidence presented here (Fig. Brlosively demonstrates th@&tmoniusis
polyphyletic. Its species are distributed in three wwalpported clades: 1Abbottia 2)
Lakapatiphytonand 3) Timonius while T. platycarpushas an isolated position and was
retrieved as sister finadendronInterestingly, the placement AbbottiaandTimoniusclades

in the phylogenetic tree reconciles the discordant presumptions of Achille & al. (2006) and
Pessoa (2016) regarding the phylogenetic statdsnobnius It is important to note that the
monophyy of Timoniuspresented in Achille & al. (2006) was based only on five species, i.e.
T. densiflorusT. flavescensT. nitidus(Bartl. ex DC.) FernVill., T. timonandT. polygamus
(G.Forst.) B.L.Rob., nom. illed=T. uniflorus(Baks ex C.F.Gaertn.) Gaerts], which may

have obscured their assertion. Here, these five species, together with the majority of the sampled
Timoniusaccessions, emerged within themoniusclade. The retrieval ofimoniusclade in

this study have expanded the clade for the gperesented in Achille & al. (2006: fig. 2). Its
placement as sister to the clade composed of Tropical Western Paciiibeg New
CaledoniarGuettardaandTinadendroralso coincides with the relationship they have inferred.
On the other hand, Pessoa (80Mwith a more limited sampling dimonius T. affinisandT.

timon recovered the former specias the earliest lineage to all Paleotropical dioecious
Guettardeae genera. Her findings on the phylogenetic placemenaféihisis congruent with

the resultspresented hereas this species was placed in the early divergstgpttiaclade (Fig.

2).

Given the extensive polyphyly dimoniusand if its monophyly is to be maintained, the two
early diverging cladesfpbottiaandLakapatiphytohandT. platycarpuseedto be recognized

as distinct genera, whileéimoniusmust be limited to the clade containing its type spedies,
timon If the genus is expanded beyadrithoniusclade, i.e. to includéAntirheg Hodgkinsonia

New CaledoniarGuettardaand Tinadendron it will be superseded in priority by the older
nameAntirhea(Jussieu, 1789) as it was not conserved against it (see Achille & al., 2006 for
discussion regarding the preference oveuettardg. This expanded concept is not
taxonomically adsable because it will necessitate the transfer of a great number of species
names toAntirhea and will make the genusdefinable by any unique combination of
morphological characters. In addition, the three ssefiported clades @ntirhea(Fig. 2) are
morphologically distinct and the +@rcumscription of these groups will be discussed

elsewhere. Fortunately, the splitting approachTiononiusis feasible since the three clades
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andT. platycarpusan be distinguished by a suite of phenotypic and maechharacters that

is simultaneously consistent with the phylogenetic framework.

Abbottiaclade

This clade is comprised of. singularis(Fig. 1) and of species that are associated to it
morphologically (subgenusbbottig Darwin, 1994). Mueller (1875), initially circumscribé&d
singularisin his monotypicAbbottia that is characterized by truncate calyces, induplicate
valvate corollas, stamens with adnate filaments, anthers that are partly cohering to the corolla
tube andunilocular and mangeeded fruits. Baillon (1880), then highlighted the close relation

of Abbottiato Timoniusdue to their similarities in the structure of their stamens (united) and
pyrenes (separate). However, the distinctivenesdbbttiawas still retained by Bailley (1900)

and Schumann (1891), but was then contradic
species is related b. avenisvaleton and reducingbbottiaas congeneric tdimonius Later,

Darwin (1994), who is focused on @rfing a possible useful infrageneric classification scheme
within Timonius proposed subgendsbbottiathat is typified byT. singularis This subgenus,
composed of twentpine species, is united by the combination of hemiepiphytism (resembling
that ofFicusL.; Fig. 3A), individually caducuous imbricate stipules with siAdjiekened costa

and acuminate apic€sig. 3B), leaves with retuli-paxillate venation (Fig. 3CE) and truncate

or undulate calyces (Fig. 1) (Darwin, 1994). Another character preldeyn@arwin (1994) for
subgenugi\bbottiais the obscure or reduced secandaerves of the leaves (Fig. B®uthe

noted that this is correlated to the thickness of the larAidastinguishable secondary venation

is observed iT. bougainvillensidMerr. & L.M.Perry, as well in some individuals @t affinis

Valeton andr. appendiculatuMerr.

The retrieval ofAbbottiaclade in this study as a distinct lineage (Fig. 2) clearly illustrates that
Muel l erds (1875) generic namaelededds itneal bder
(1994) subgenuabbottia Conversely, the set of morphological characters presented in Darwin
(1994) may not be enough to distingushbottiabecause some of the features are found in

other Guettardeae taxa, especiallyTimonius i.e. epiphytism T. caudatifoliusElmer, T.

caudatus Valeton, T. epiphyticusMerr., T. filipes Wernham, T. longistipulusMerr., T.
minutifoliusValeton), reticukpaxillate venationAntirhea paxillataChaw: Chaw & Darwin,
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Fig. 3. Key morphological featuresf Abbottiaclade: A, Hemiepiphytic habit;B, Stipules,
imbricate with acuminate apex and single thickened c@td;eaves showing reduced or
obscure secondary nervd3:E, Leaf areolation without freending veinletsf-H, Calycine
colleters along the middle or lowhalf of the calyx tubeA, C, E, T. singularis B, D, F, T.
affinisvar. affinis, G, T. belensisH, T. secundiflorusd Voucher data: B, FA.C. Smith 4159
D, A.C. Smith 6794, P.1. Forster 26423G, L. Brass 30619H, R.D. Hoogland & L.A. Craven
109500 Scale bars: B,0.75cm, C, 1 cm¥H)0.5 mm; FH, 0.25 mmgd Photos: A by David
Tng; C by Vhon Oliver S. Garcia; B,-B by Jayson G. Chavez.

1992;Stenostomur@.F.Gaertn.: Moynihan & Watson, 2000) and truncaigces T. rivularis

Merr. & L.M.Perry). The morphological examination of species that are attributed here in
Abbottiarevealed the presence of calycine colleters that was not reported by Darwin (1994).
These calycine colleters are distributed along tiadla or lower half of the inmesurface of

calyx tubes (Fig. FH), an orientation that is not found Timonius(see discussion below and
Darwin, 1993). ThusAbbottiais here redefined by the unique combination of characters
presented in Darwin (1994) dwof the nature of its calycine colleters. In addition, the sampled
species ofAbbottiahas a @ A transversion at position 609 of the aligngus16 dataset

(available from J.G.Chavgwvhich is not inferred in other Guettardeae taxa.
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Lakapatiphytonclade

This clade is composed only dfmoniusspecies that are endemic to the Philippines (Fig. 2)
and ofLakapatiphytorsp. 1 and sp. 2. The apparent unresolved internal relationships within
Lakapatiphytorclade maybereflectedin the low sequence divergen@@mura 2-parametey

for the utilized genetic markers among the species: ETS (< 0.0079), ITS (< O&pBrhcL

(< 0.0014),rps16(< 0.0016) andrnT-F (<0.0036), which is in contrast to the high level of
morphological variation. This phenomenon coudddlttributed to rapid radiation that is typical

to island genera (e.g.; Baldwin & al., 1990; Jorgensen & Frydenberg, 1999; Kim & al., 1996;
Gemmill & al., 2002; Kapralov & Filatov, 2006; Knope & al., 2012).

All of the included species in this clade exhibit a form of leaky dioecism (Baker & Cox, 1984),

in which staminate individuals are occasionally labile and produce flowers with functional
gynoecia that lead to their capacity to develop fruits and seeds.d&ptay of inconstant sex
expression of staminate individuals had also been report@dtirhea borbonicagLitrico &

al., 2005) and other rubiaceous genera, nan@bprosmal.R.Forst. & G.Forst. (Fosberg,
1937; Godley, 1979) andesohedyotigHook.f.) Bremek. (Percy & Cronk, 1997). The most
prominent morphological characters of this clade are the adpressed * foliaceous stipules with
obtuse to rounded apices, monomorphic staminate and pistillate inflorescences that are
ebracteat¢inflorescences are sirfgpto compound dichasial cymes bearing equivalent number

of flowers) tri- to tetramerous and ebracteolate flowers and calyces without colleters (Fig. 4).
In addition, the grouping dfakapatiphytorcan be ascertained by the alignment of the utilized
plastd markers which shows two defining molecular apomorphies that are abatisampled
Guettardeae taxa (available from J.G.Chavieese are: 1) 5 bp simple sequence repeat within
atpBrbcL ( mot i f 56 TAACA -535%3 of Antirlee@a thinensichléré@plass 9
genome, GenBank accession: MK102723; Fan & al., 2019) and 2) 6 bp simple sequence repeat
withintrnT-Lr egi on (moti f 56 T A4BROAGA. Gidensighlorapiast i on 4
genome, GenBank accession: MK102723; Fan & al., 2019). Thes®efypic and genetic
fedures clearly demonstrate tHaakapatiphytorclade can be recognized to represent a novel
genus. This taxonomic judgment will also necessitate the transfer of four additional Philippine
Timoniusspecies that were not sampled inphglogeny to the new genus, since their features

fall within the morphological characteristics of this group.
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Fig. 4. Key morphological features dfakapatiphytonclade: A, Freestanding habit;B,

Stipules, + foliaceous with rounded ap&xD, Monomorghic inflorescencesC, Staminate
inflorescence,D, Pistillate inflorescencef, Fr ui t of Al eakyo F,stamin
Infructescence of pistillate individual. All fronh. pulcherrimumsp. nov., the type species of
Lakapatiphytorgen. nov. Photos: A, By Jayson G. Chavez; B-Bby Jay Edneil C. Olivar.

Timonius platycarpus

The New Caledonian endemic platycarpugFig. 1G) has always been a morphologically odd

element in the genus because it exhibits drupes with united pyrenes. The treatment of
Montrouzier (1860) for this speciesas supported by Skdthter (1907) who had a broad

concept offimoniusthat includes New Caledonian specie$oiettardapreviously described

by Baillon (1879). Guillaumin (1930, 1948) opposed this view, revertingitolB& on6s ( 18 7
concept for New Caledonia@uettardaand proposed the new combinatidh, platycarpa

(Montrouz.) Guillaumin. In spite of this, Govaerts & al. (2019) only partially adopted the

proposal of Gauillaumin (1930, 1948) and still retained the epeiti Timonius In the
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phylogenetic analysis (Fig. 2)[. platycarpuswas recovered in a clade together with
Tinadendron where it differs morphologically by its monochasial and sexually dimorphic
inflorescences (dichasial and monomorphidinadendrof), valvate corollas (imbricate) and
linear stigmatic arms (flattened or capitate to slightly bilobed). These combination of characters
suggests thak. platycarpuss best accommodated in a genus of its own. However, the proposal
of a new generic name for ghspecies wilhot be made here ascibrrespondt oGerire nov.

Ao presented in Achille (2006) and that a wider sampling of New Caled@i@ttardais

required to shed more light on its circumscription.

Timonius clade

This clade constitutes a narrower conceptTohonius It is comprised of the remaining
accessions of the genus, including its type spet€idsifon Fig. 1K) and the types of two other
genera conserved against it, Helospora(T. flavescengFig. 1D andBurneya(T. uniflorus

Fig. 1M). Although this study was also able to sample three species and one variety that are
included in the other infrageneric groupings proposed by Darwin (1993, 1997, 2010), i.e.
subgenusTimonius(T. timonvar. timon, T. timon var. whiteanus(S.Moore) S.P.Darwin),
subgenudg’seudobobeél. minahassa&oord.) andT. flavescenslliance . flavescens the
available data is limited and can neither be utilized to confirm nor repudiate the naturalness of
his classification schem&urthermore, the species relationships witfimoniusclade reflect
geographical provenance rather than morphological similarities, but a more detailed

phylogenetic investigatiois necessario establish this pattern of speciation.

All investigated gecies ofTimoniusin this clade are shrubs or trees. Attempts to obtain DNA
from herbarium specimens of epiphytic species (discussed above) were repeatedly
unsuccessful. Thus, the morphological featureJiimoniuspresented here are constrained by

the resolution of the phylogeny and its representatives with terrestrial habit that coincides with
the characters of. timon as well asT. flavescenandT. uniflorus so not to ovemterpret
potential synapomorphic features. The combination of phenotypi@acters offTimoniusas
inferred in this study rely on the nature of stipules, leaves, inflorescences, calyx and calycine
colleters. The stipules dfimoniusare imbricate, valvate or calyptrate, without a thickened
single costa, while some are slightlysmidently tweridged with the ridges converging toward

the acute to acuminate apex; distinguishing it from the imbricate with triangular thick costa in
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Fig. 5. Morphological features of representative speciediaioniusclade: A, Imbricate
stipules, rilges converging toward apeR; Valvatecalyptrate stipulesC, Valvate stipules,
ridges converging toward ape®; Leaves with evident secondary nervédd, Lear areolation
with free-ending veinletst-L, Calycine colleters (if present) along sinus dyxaeeth or lobes.
A, T. kaniensisB, D, H, T. timon C, K, T. mutabilis E, T. borneensisF, T. finlaysonianus

G, T. nitidus |, T. abanij J, T. lasianthoides., T. ternifolius & Voucher data: AW. Takeuchi

& al. 19282 B, D, E. Baltisberger & al11804 C, K,P.J.A. Kessler 63Z,A.C. Church & al.
1742 F, M. Lorenzo LLO63G, G.C. Moore 466H, L.J. Brass 281741, K.M. Wong 2375J,

O. Ismawi 33721L, C.l.Banag LM006& Scale bars: A, 0.5cm; B, 1 cm; C, 2 mm; D, 2 cm;
E-H, 0.5 mm; iL, 0.25mm.d Photos: Jayson G. Chavez.
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Abbottiaand adpressed + fakteous with rounded apiceslinkapatiphytonThe variability of
stipule aestivation infimoniuswas utilized by Darwin (1993, 1997, 2010) as one of the
characters to distinguish subgefimanius(valvatecalyptrate)T. flavescenalliance (valvate

or subimbricate) and subgeniseudobobeéstrongly imbricate).

The evident secondary nerves and feeding veinlets (FigsE H) of Timoniusdiffer from
Abbottig in which the leaves hawbscure secondary venation and have nedreing veinlets

(Fig. 3O'E). The inflorescences ofimonius are sexually dimorphic, wherein pistillate
inflorescences have fewer flowers and are often el one. This contrasts with
Lakapatiphytonwhich have monomorphic staminate and pistillate inflorescences. Calyces of
Timoniusare toothed or lobed and only reported to be truncakerninularis (Merrill & Perry,

1945; Darwin, 1993). Lastly, calycine colleters are predominantly abs€&€mhonusunlike in
Abbottiawherethey arepresent in all species. The calycine colleter§imonius if present,

are located on the sinuses of calyx lobes or teeth (Fig)5n contrasto Abbottiawhere the
calycine colleters are distributed along the rfedat lower half of the calyx tub@-ig. 3F H).
Darwin (1993) has also reported such featur& fimonius but did noemphasize thisharacter

since he only observed itin nitenaMerr. & L.M.Perry. Nevertheless, the presence of calycine
colleters inTimoniusas reported helis not correlated with the type of calyx (toothed or lobed)
exhibited by its species because it is found on both types. Aside from these morphological
characters, the ITS alignment have revealed a 2 bp insertion (pogit®@80 of ITS
alignment, sppl. Appendix } in the sampled species withiimoniusclade. This molecular

apomorphy is unique to this group and cannot be found in other Guettardeae taxa.

In conclusion, this study shows th@tmonius as currently delimited, is uatural and
necessitates feircumscription. The widely accepted combination of interlocking valvate
corollas and drupes with free pyrenes is not enough to dé@limdnius as this set of characters

has evolved several times within the Paleotropical dimscGuettardeae. The morphological
data and molecular apomorphies are congruent with the results of the phylogenetic study,
although the unequivocally identified synapomorphies for the narrower concBptafiusis

still precluded by the inadequate saim@l The molecular phylogeny, however, provides strong
support for the rénstatement oAbbottig the transfer of species Bimoniussubgenu#bbottia

to the resurrected genus and the recognition of the new gekapatiphyton On the other

hand, the pssible description of the genus that will accommodatglatycarpusis left for

authors working on the revision of New Caledorgarettarda which might still be an ongoing
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study of Frédéric Achille. These taxonomic decisions for some of the speGiesaniiusgives
more constancy in its delineation that is also warranted in providing the much needed stability

regarding the application of other Guettardeae genera.

Taxonomic treatment

AbbottiaF.Muell., Fragm. 9: 181. 1875.Timoniussubgenu#\bbottiaS.P.Darwin, Syst. Bot.
Mongr. 42: 17. 1994i. Type: Abbottia singularid=.Muell. [ Timonius singularigF.Muell.)
L.S.Sm.].

Distinguishing featuresThe diagnostic features d&bbottia is amended here to include
Paleotropical dioeciouGuettardeae species with drupes bearing multiple, fre¢essegded
pyrenes that are heapiphytic to freestanding shrubs or trees with strongly imbricate and
individually caducous stipules that have acuminate apices and thickened costa, leaves with
obsare or occasionally profound secondary nerves and neefrédimg veinlets (reticui
paxillate), inflorescences with variable sexual dimorphism and flowers with calycince colleters

that are distributed on the middle or lowelf of the calyx tube.

Abbottia affinis (A.Gray) J.G.Chavez;omb. nov, ined. [ Timonius affinisA.Gray, Proc.
Amer. Acad. Arts. 4: 36. 1860.Holotype: Fiji.s. loc, 1 8 3A8lkes U.S. Explor. Exped.
s.n.(US barcode US00956410 [image!]; isotype: GH barcode GH00312965 [image!]

a. Abbottia affinisvar. affinis

b. Abbottia affinis var. samoensis (S.P.Darwin) J.G.Chavez¢comb. nov, ined.
[ Timonius affinisvar. samoensisS.P.Darwin,Syst, Bot. Monogr. 42: 28. 1994.
Hol otype: Samoa. Savai ig,Chrsstophersen 334BISH, 11
barcode BISH1004768 [image!]; isotypes: A barcode A00246686 [image!], BISH
barcode BISH1004767 [image!]).

c. Abbottia affinis var. sapotifolia (A.Gray) J.G.Chavez;omb. nov, ined.[ Timonius
sapotifolius A.Gray, Proc. Amer. Add . Ar t s 4 : Timdrbus affihiSvér0 . [
sapotifolius(A.Gray) Fosberg, Sargentia 1: 121. 198 Holotype: Fiji.s. loc, 1838,
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| ,Wilkes U.S. Explor. Exped. sfuS barcode US00956409 [image!]; GH barcode
GHO00338893, K barcode KO00763668 [image!]).

Abbottia amungwiwanensis(S.P.Darwin) J.G.Chavez¢omb. nov, ined. [ Timonius
amungwiwanensi$.P.Darwin, Syst. Bot. Mongr. 42: 94. 1994 Holotype: Papua New

Gui nea. Mor obe, Mt . A mB.nwgnwRoyera 1108BIEH Warcode 1 9 7 6
BISH1004769image!]; isotypes L barcode L0O001387!, US barcode US01049647 [image!]).

Abbottia appendiculatagMerr.) J.G.Chavez¢omb. nov, ined. [ Timonius appendiculatus
Merr., Philipp. J. Sci,, C 4: 327. 1909 ectotype, designated here: The Philippines. Luzon,
Ri zal , Ant i pM.IRamos sliteBS 8415 bafcode IWS00138412!; isolectotypes:
BO!, NY barcode NY00133413 [image!]).

Abbottia avenia(Valeton) J.G.Chavez;omb. nov, ined.[ Timonius aveni&/aleton, Bull.
Dép. Agric. Indes Néerl. 26: 46. 1909.Holotype: Indonesia, New Guinea, Geluksheuvel,
19 0 7 G.M.IVersteeg 145{BO0O n.v, isotypes: B barcode 100295994 [image!], L barcode
L0O00134!, U barcode 0006325!).

a. Abbottia aveniavar. avenia

b. Abbottia avenia var. magnifructa(S.P.Darwin) J.G.Chavez;omb. nov, ined. [
Timonius aveniyar. magnifructusS.P.Darwin, Syst. Bot. Monogr. 42: 36. 1994.
Holotype: Indonesia. New Guinea, Manokwari, Vogelkop, Arfak, Angi gita Lake, Sep
Oct 1 AdKdsternmanns 222B0 n.v, isotypes: A barcodes A00246670 [image!]
and A00246671 [image!], K barcode KOO0763%5&%age!], L barcodes L0001392! and
L0001393).

c. Abbottia aveniavar. pubipetala(Valeton) J.G.Chavez,omb. nov, ined.[ Timonius
avenisvar.pubipetalusval et on, Bot . Ja hTinboniusBupipetalus 6 1 :
(Valeton) Merr. &L.M.Perry, J. Arnold Arbor26: 236.19451 Lectotype, designated
by Darwin (1994: 36): Papua New Guinéaa st Sepi k, Sepi&lgebi et ,
Ledermann 12678 barcode L0001459!).
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d. Abbottia aveniavar. vogelkopensigS.P.Darwin) J.G.Chavezromb. nov., ined. [
Timonius avenivar. vogelkopensis$.P.Darwin, Syst. Bot. Monogr. 42: 37. 1994.
Hol ot ype: l ndonesia. Vogel kop PMNMk&sul a,
M. Vink BW 15269A barcode A00246741 [image!]; isotypes: B barcode B100295993
[image!], BRI barcode BRAQ0129806 [image!], K barcode KO00763532 [image!], L
barcode L0001394!).

Abbottia belensigMerr. & L.M.Perry) J.G.Chavez;omb. nov, ined.[ Timonius belensis
Merr. & L.M.Perry, J. Arnold Arbor. 26: 236. 1945Holotype: Indomsia, New Guinea, Bele
Ri ver , NoLJ. Biags31H27A barcode A00246742 [image!]; isotypes: BM barcode
BMO000945299 [image!], BRI barcode BRIQ0318309 [image!], L barcodes L0O001395! and
L0O001396!).

Abbottia bismarckensis (S.P.Darwin) J.G.Chavezcomb. nov, ined. [ Timonius
bismarckensis.P.Darwin, Syst. BoMonogr. 42: 40. 1994. Holotype: Papua New Guinea.

New Britain, Tal asea, s o DtHodioNGFeaGikbaRadg e, 11
A00246743 [image!]; isotypes: BRI barcoB&I-A0129735 [image!], L barcode L0001397!,

NY barcode NY01288261 [image!], SING barcode SING0058066 [image!], US barcode
US01049648 [image!]).

Abbottia bougainvillensisMerr. & L.M.Perry) J.G.Chavezomb. nov, ined.[ Timonius
bougainvillensisMerr. & L.M.Perry, J. Arnold Arbor. 26: 249. 194b.Holotype: Solomon

| sl ands. Bougai nvi | |Se&. Kajewska b6d@TA batcbde AQGP2467359 3 O ,
[image!]; isotypes: BISH barcode BISH1004770 [image!], BM barcode BM001040311
[image!], BRI barcodBRI-AQ0318311 [image!], G barcode G00436804 [image!], L barcode
L0001398!, S barcode-G-6105 [image!]).

Abbottia carstensensi@Nernham) J.G.Chavezpmb. nov, ined.[ Timonius carstensensis
Wernham, Trans. Linn. Soc. London, Bot. 9: 73. 1916&ectotype, designated by Darwin
(1994: 43): I ndonesia. New Guinea, ClBogek awa R
Kloss s.n(BM barcode BM000945297 [image!]).

Abbottia cryptophlebiaS.Moore) J.G.Chaveromb. nov, ined.[ Timonius cryptophlebus

S.Moore, Proc. Roy. Soc. Queensland 34: 55. 1922. Holotype: Papua New Guinea. DHava, Jul
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Aug 19 C.8. White 428§BM barcode BM000945295 [image!]; isotype: BRI barcode
BRI-AQ0431392 [image!]).

Abbottia dolichophylla(Merr. & L.M.Perry) J.G.Chavezgcomb. nov., ined. [ Timonius
trichanthusvar.dolichophyllusMe r r . & L. M. Perry, J. Thmomus| d Ar t
dolichophyllus(Merr. & L.M.Perry) S.P.Darwin, Syst. Bot. Monogr. 42: 47. 1994. Holotype:
Indonesia. New Guinea, Bernhard Camp, ldenbukg &kr J arn.J B@ass 42398A |,

barcode A00338871 [image!]; isotypes: BM barcode BM000945277 [image!], BRI barcode
BRI-AQ0318345 [image!], L barcode L0O001407!).

Abbottia heptamera(Wernham) J.G.Chavez;omb. nov, ined. [ Timonius heptamerus
Wernham, Trans. Linn. Soc. London, Bot. 9: 73. 191Blolotype: Indonesia. New Guinea,

Ut akwa River t o Mt C.BGdenKdosse.iBM,bardode BMAD®45392 | |
[image!]).

Abbottia lamii(S.P.Darwin) J.G.Chaveezomb. nov, ined.[ Timoniudamii S.P.Darwin, Syst.

Bot. Monogr. 42:49. 1994.Ho | ot ype: I ndonesia. New Guinea,
H.J. Lam 157ZL barcode L0001421!; isotypes: A barcode A00338901 [image!], BRI barcode
BRI-AQ0431393 [image!], L barcode L0001420!).

Abbottia longifolia (Valeton) J.G.Chavez,omb. nov, ined.[ Timonius longifolius/aleton,

Bot. Jahrb. Syst. 61: 44. 192Meotype, designated by Darwin (1994: 50): Papua New Guinea.
Sepi k, Ambunt i, Hunst ei n RiDvHoaagland & b.AGQravenha p a , y
10663(A barcode A00338903 [image!]; isoneotypes: BRI barcode 880129720 [image!],

K barcode KO00763531 [image!], L barcode L0001427!, US barcode US01049645 [image!]).

Abbottia longituba(Merr. & L.M.Perry) J.G.Chavezomb. nov, ined.[ Timonius longitubus
Merr. & L.M.Perry, J. Arnold Arbor. 26: 241. 194b.Holotype: Solomon Islands. Ysabell
l sl and, Ti r at olnlaBrass831@AebarcodeQAB0B38904 [jmage!]; isotypes:
BISH barcode BISH1004775 [image!], BM barcode BM001040Bd@&ge!], BRI barcode
BRI-AQ0318327 [image!], L barcode L0001428!).

a. Abbottia longitubavar. longituba

115



b. Abbottia longitubavar. pubescengS.P.Darwin) J.G.Chavez,omb. nov, ined. [
Timonius longitubusrar. pubescensS.P.Darwin, Syst. Bot. Monogr. 42: 54. 1994.
Hol ot ype: Papua New Gui nea. New Br Dtain,
Sayers NGF 24225A barcode A00338905 [image!]; isotypes: BISH barcode
BISH1004776 [image!], BRI barcode BRIQ0129746 [image!], L barcode
L0001429!, K barcode KO00763530 [image!], SING barcode SING0058061 [image!]).

Abbottia meridionalis(S.P.Darwin) J.G.Chaveepmb. nov., ined.[ Timonius meridionalis
S.P.Darwin, Syst. Bot. Monogr. 42: 55. 1994Holotype: Papua New Guinea. Milne Bay,
Goodenough Island, 352 Oct LD Brass 24773A barcode A00338907 [image!];
isotypes: CANB barcode CANB124577 [image!], K taile KO0O0763529 [image!], L barcode
L0001432 [image!], US barcode US01049649 [image!]).

Abbottia modestgMerr. & L.M.Perry) J.G.Chavez,omb. nov, ined.[ Timonius modestus
Merr. & L.M.Perry, J. Arnold Arbor. 26: 237. 1945Holotype: Papua New Guine@ly River,
May 19 368.,Brads,6748A barcode A00338909 [image!]; isotypes: BM barcode
BM000945284 [image!], BRI barcode BRIQ0318331 [image!], L barcode L0001435!)

Abbottia neobrittanica (S.P.Darwin) J.G.Chavez,comb. nov, ined. [ Timonius
neobrtannicusS.P.Darwin, Syst. Bot. Monogrp. 42: 59. 19094#olotype: Papua New Guinea.

Morobe, Finschhafetdmboi Island, LiplipMa mb i Ri ver ar &8aConn&POct 19
Katik LAE 66113 A barcode A00338911 [image!]; isotypes: BRI barcode-BRI0373043

[image!], CANB barcode CANB463215 [image!], K barcode KO00763528 [image!], L barcode
L0001441}).

Abbottia oktediensigS.P.Darwin) J.G.Chavezomb. nov, ined. [ Timonius oktediensis
S.P.Darwin, Syst. Bot. Monogr. 42: 60. 1904olotype: Papua New Guinéa/estern District,

Ki unga, Ok Tedi Headwaters nearEEKHentywB.B.ot t f |
Foreman & M. Galore NGF 4279Q AE n.v, isotypes: A barcode A003388Tighage!], BRI

barcode BRIAQ0129770 [image!], K barcode KO00763527 [image!], L barcode L0001446!).

Abbottia pachyphyllaMerr.) J.G.Chavez;omb. nov, ined.[ Timonius pachyphyllusierr.,
Philipp. J. Sci. 26: 494. 1925. Lectotype, designated by Chavé&zal. (2017: 146): The
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Philippines. Luzon, Ri zMa RgmosMub.BS AGTHR ibdrande, Apr
P03906974!; isolectotypes: Al, K barcode KO00763548 [image!]).

Abbottia pseudaffinis(S.P.Darwin) J.G.Chavezpomb. nov, ined.[ Timonius pseudéhis
S.P.Darwin, Syst. Bot. Monogr. 42: 63. 1994Holotype: Solomon Islands. Santa Ysabel,
Tat amba, 5 P®.cHunt 28868 Harcode A00246666 [image!]; isotype L barcode
L0001452").

Abbottia pubistipula(S.P.Darwin) J.G.Chavezomb. nov, ined. [ Timonius pubistipulus
S.P.Darwin, J. Arnold Arbor., 64: 612. 1983.Holotype: Papua New Guinea. Western
Hi ghl ands, Mi nR. PulleB 268A harlcodel ADE338882 [image!]; isotypes: G
barcode G00436801 [image!], L barcode L0001454!, Bi$dde US00138431 [image!]).

a. Abbottia pubistipulavar. pubistipula

b. Abbottia pubistipulavar. pubescengS.P.Darwin) J.G.Chavezpomb. nov, ined. [
Timonius pubistipulusar. pubescens$.P.Darwin, J. Arnold Arbor. 64: 614. 1983.

Hol ot ype: Papua New Gui nea. Mor obe, Mt . t
T.G. Hartley TGH 11840(A barcode A00338881 [image!]; isotype: L barcode
LO001455!).

Abbottia scabriflora (Valeton) J.G.Chavezcomb. nov, ined. [ Timonius avenisvar.
scabriflorusVal et on, Bot . J a h mimoniusSyabriflorug\Valéton) Maei7. . 1927
& L.M.Perry, J. Arnold Arbor. 26: 238. 1945.Lectotype, designated by Darwin (1994: 68):

Papua New Guinea. Kais#ilel ms | and, 2 4 R.Nbahtecht&ral 0564, barcode

L0001464!; isotypes: A barcode A00246740 [image!], BM barcode BM000945281 [image!],

BRI barcode BRIAQ0318321 [image!], C barcode C10018387 [image!], G barcode
G00436799 [image!], S barcodeGs6104 jmage!]).

Abbottia secundiflora(S.P.Darwin) J.G.Chavezpmb. nov, ined.[ Timonius secundiflorus
S.P.Darwin, Syst. Bot. Monogr. 42: 69. 1994Holotype: Papua New Guinea. Sepik, Lumi,
Torricelli Mountains, nor tPQ. Darlbyshid4gbabaecod® i | | ag
A00338894 [image!]; isotypes: B barcode B100295975 [image!], BISH barcode BISH1004784
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[image!], BRI barcode BRRAQ0129828 [image!], L barcode L0001466!, US barcode
US01049650 [image!]).

= Timonius aveni$. triflora Valeton, Bot. Jahrb. Syst. 61: 38. 19271.ectotype, designated
by Darwin (1994: 70): Papua New Guinea, Sep#ébiet, 19121913, ,C.L. Ledermann 9853
(L barcode L0O001465!).

Abbottia singularisF . Mu el | . , Fr a glimoniud singulaBgf.Mudll) 8.3.Sm., [
Proc. Roy. Soc. Queensland 68: 50. 1957. Lectotype, designated here: Australia. Rockingham
Bay,s.d, Dallachy s.n(K barcode KO00763510 [image!]).

Abbottia subavenigVvaleton) J.G.Chavezomb. nov, ined. Timonius scabevar.subavenis

Val et on, Bot . Ja hTinhoniusSupaéni®/aldoh).S.PDarwin, 1 Ardold. [
Arbor. 64: 616. 1983( Lectotype, designated by Darwin (1983: 616): Papua New Guinea.
SepikGebiet, 19121 9 1 3C.L. lledermann 879@&ING barcode SIB0058067 [image!]).

Abbottia trichantha (Merr. & L.M.Perry) J.G.Chavezcomb. nov, ined. [ Timonius
trichanthusMerr. & L.M.Perry, J. Arnold Arbor. 26: 238. 1945.Holotype: Papua New
Guinea. Morobe, Matap, Febp r 1 9 M1.8.,Clerhens 11158@\ barcode A00338870
[image!]; isotypes: E barcode E00438195 [image!], MICH barcode MICH1108316 [image!],
US barcode US00679922 [image!]).

Abbottia trichoclada (Merr. & L.M.Perry) J.G.Chavezcomb. nov, ined. [ Timonius
trichocladusMerr. & L.M.Perry, J. Arnold Arbor. 26: 239. 1945 Holotype: Indonesia. New
Gui nea, L ake Ha blbJeBness 9505A1bgarcodOAD@3I887R; isotypes: BM
barcode BM000945276 [image!], BRI barcode B®M)0318347 [image!], L barcodes
L0001474! and LO00147p

Abbottia wollastonii (Wernham) J.G.Chavez;omb. nov, ined. [ Timonius wollastonii
Wernham, Trans. Linn. Soc. London, Bot. 9: 74. 1916Gectotype, designated by Darwin
(1994: 79): I ndonesi a. New Gui nea,,C.lBodark wa
Kloss s.n(BM barcode BM000945272 [image!]).
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Abbottia zuckiana (S.P.Darwin) J.G.Chavez;omb. nov, ined. [ Timonius zuckianus
S.P.Darwin, J. Arnold Arbor. 64: 611. 1983olotype: Papua New Guinea. Normanby Island,
Mt . Pabi nama, LJ2Brassa2§658A Batcéde AOD338876 [image!]; isotypes: K
barcode KO0O0763526 [image!], L barcode L0001481!, US barcode US0013844&!ima

Lakapatiphyton J.G.Chavez,gen. nov, ined. i Type: Lakapatiphyton pulcherrimum
J.G.Chavez, sp. nquned.

Lakapatiphytons distinguished morphologically from other dioecious genera of Guettardeae
by the combination of adpressed * foliaceaipules with obtuse to rounded apices,
monomorphic staminate and plistte inflorescences,i3to 4 merous flowers and drupes with

separate pyrenes.

Shrubs to small trees up Branchletsglabraus, stregdsé or di o e
hirsute.Sipulesadpressed, * foliaceous, ovate, elliptic or obovate, apices obtuse to rounded,
outer surface glabrous, strigose or hirsute, inner surface glalheaesopposite, petiolate;

lamina elliptic, obovate or orbicular, chartaceous to coriaceous, uppeloaer surfaces
glabrous, strigose or hirsute, apices obtuse to rounded, bases attenuate to rounded or truncate
to auriculate; secondary nerves 4 to 15 p&taminate and pistillate inflorescencgmple to
compund dichasial cymes,i5to 94 flowered; bracts absent; flowers secund, sessile.
Staminate flower8i to 4' merous; calyx truncate to shallowly lobed, cupuliform, outer surface
glabrous, strigose or hirsute, inner surface glabous, occasionally strigose at the base; corollas
cylindric to infundibuér, white, yellow or pink, tube outer surface strigose or hirsute, inner
surface glabrous, lobes valvait@erlocking, elliptic to lanceolate or ovate, lower surface
strigose or hirsute, upper surface glabrous; stamens 3 to 4; pistillodia with 3 to 4tigneatic

arms, glabrousPistillate flowerssame as staminate flowers; stigmatic arms, exsdfteds

globose to ovoid, smooth or costate, crowned by the persistent calyx, glabrous, strigose or
hirsute; pyrenes free, 6 to 32, occasionally arrangedbuble radiating files in transverse

section.

Distribution. i Lakapatiphytoris endemic to the Philippines.
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Etymologyi The plant of Lakapati, deity of the fields and crops in ancient Tagalog mythology,
depicted as halfnan and haffvoman. The triviageneric name was chosen to highlight the

tendency of staminate individuals to bear fruits.

Lakapatiphyton auriculatum(Merr.) J.G.Chavez;omb. nov, ined.[ Timonius auriculatus
Merr., Philipp. J. Sci. 17: 480. 1920 publ. 192llectotype (designatdukere): The Philippines.
Dinagat Island, May 1919| , M. Ramos and J. Pascasio sub B.S. 35098! barcode
US00138414; isolectotypes: A barcode A00312910 [image!], K barcode KO000763560

[image!]).

Lakapatiphyton hirsutum(Merr.) J.G.Chavezcomb. nov, ined. [ Greenea hirsut&lmer,
Leafl . Phi |l i pp . TiBoaits hirs@ugElnied Fefr., Philipp.1].3Sci. 1T: 480.
1920 publ. 1921, nom. illeg. Lectotype (designated her@he Philippines. Mindanao Island,
Agusan, Cabadbaran, Mt. Urdanefsyg 1912, ,A.D.E. Elmer 13476 MICH barcode
MICH1108160 [image!]; isolectotypes: A barcode A00092934 [image!], BISH barcode
BISH1004372 [image!], CAS barcode CAS00123717 [image!], E barcode E00151184
[image!], GH barcode GH00092935 [image!], HBG barcbi@5520963 [image!], K barcode
K000763556 [image!], L! barcode L0420045, NY barcodes NY00131648 [image!]
NY00131647 [image!], U! barcode U0118297, US! barcode US00137688).

= Timonius trichophorudMerr., Philipp. J. Sci., C 9: 388. 1914 publ. 1913 ectotype
(designated here): The Philippines. Leyte, Buenavista, 20 Junell9C4A. Wenzel 994A
barcode A00312921 [image!]; isolectotype US! barcode US00138436).

Lakapatiphyton longiflorum (Merr.) J.G.Chavez¢comb. nov, ined. [ Greenea longiflora
Merr ., Philipp. JimonB<langifiorug®erd) Merr3 Enaim. PHilippOF. . [
Pl. 3: 542. 1923 Lectotype (designated her@he Philippines. Mindanao Island, Zamboanga,
Tibucuy, Feb 1908|l ,H.N. Whitford and W.J. Hutchinson sub F®130 (US! barcode
US00137689).

Lakapatiphyton obovatuniElmer) J.G.Chavezomb. nov, ined.[ Timonius obovatuBlmer,
Leafl. Philipp. Bot. 1: 36. 1906. Neotype (designated here): The Philippines. Sibuyan Island,
Magallanes, Mt. Guitingsuiting, April 1910,1 ,A.D.E. Elmer 12359GH!; isoneotype: K
barcode KO00763553 [image!]).
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= Timonius rotunduderr., Philipp.J. Sci. 17: 317. 1920 publ. 1921, syn. nb\Lectotype
(designated here): The Phi |l M@Ramosand J. PaBcasiva g a t
sub B.S. 35174K barcode K000763540 [image!]; isolectotypes A barcode A00312920
[image!], L! barcode LO0014% P! barcode P03906963, US! barcode US00138434).

Lakapatiphyton oligophlebium (Merr.) J.G.Chavez,comb. nov, ined. [ Timonius
oligophlebiusMerr., Philipp. J. Sci.,, C 11: 34. 1916 Lectotype (designated here): The
Philippines. Luzon Island, Sorsogon, Mt. Kililibong, J#yg 1915, ,M. Ramos sub B.S.
23367 (PNHY!; isolectotypes: A barcode A00312917, BISH barcodes BISH1004778 [image!]
BISH1004/79 [image!] & BISH1004780 [image!], BRI barcode BRQ0318335 [image!],

GH barcode GH00312916 [image!], K barcode KO00763552 [image!], L! barcode L0001447,
NY barcode NY00133422 [image!], P! barcode P03906973, US! barcode US00138427).

Lakapatiphyton pulterrimum J.G.Chavezsp. nov, ined. i Holotype: The Philippines.
Samar Il sl and, Bal angi ga, Bar an d¢Malpren@ol& al. Si t i o
LLO24 (PNHY!; isotypes: L!, USTH!). Figst & 6.

Lakapatiphyton pulcherrimuis distinct from othespecies of the genus by the combination of
its large stipules, compact arrangement of flowers along the inflorescence branches and

shallowly 4lobed calyces.

Shrubs up to 1.5 m talBranchlets4.25 7.25 mm broad toward apex, densely to moderately
hirsute Stipulesovate to elliptic, 4.07.0 x 1.52.5 cm, apex obtuse, outer surface densely
hirsute becoming moderately hirsute towards the apex and margin, inner surface glabrous.
Colleterspresent, on the inner surface of stipules, distributed along thelle@sesopposite;
petioles 6.2616.90 x 2.203.60 mm, densely hirsute; lamina elliptic to obovate,i(91Y.Q

33 x (4) 6.75 12.5 cm, chartaceous to subcoriaceous, upper and lower surfaces moderately to
densely hirsute, apex obtuse, base attenuate tateyrsecondary nerves 6 to 9 pairs; domatia
absent. Staminate inflorescence48 to 60 flowered, compactly arranged along the
inflorescence branches; peduncles 1830 x 1.502.50 mm, densely to moderately hirsute.
Staminate flowergli merous; calyx shalwly 4ilobed, outer surface densely to moderately
hirsute, inner surface glabrous, except along the base which is moderately strigose, tube 1.75
4.50 x 1.62.75 mm, lobes 0.4@.8 mm long; corollaéobed, infundibular, yellow, tube 5.0

8.50 x 1.702.25 mm, outer surface moderately strigose, inner surface glabrous, lobes
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lanceolate to ovate, 3.2%5.0 x 1.83.0 mm, lower surface moderately hirsute becoming
glabrous towards the apex and margins; stamens 4, the anthers sessile, lire@rxAD0E10

0.75 mm pistillodia with 4 stigmatic arms, inserteBistillate inflorescenced3i to 18
flowered; peduncles 20.60.0 x 1.352.50 mm, densely to moderately strigoBestillate
flowers same as staminate flowers, except that the stigmatic arms of the stylseaned
Fruits ellipsoid to ovoid, 4.909.0 x 4.105.50 mm, moderately hirsute, not costate; pyrenes 6

to 12, not arranged in double radiating files in transverse section of fruit.

Etymologyi The epithet is in reference to its magnificent appearasseen in the wild.

Distribution and habitati Lakapatiphyton pulcherrimums known only from the Municipality

of Balangiga irEastern Samar where it occurs in vegetatiotateritic soils.

Additional specimens examined (paratypds)The Philippines. Samar Islan@alangiga,
Barangay 01, Siti o Igaoranzod al.dLO1YRUHSLE [@ sheeks]) 1 7, I

uBT! , USTH!M. tLoremzb & a.LLO20(I A ! USTH!M. Lorenzb & dl.. |, .
LLO20( US! , USTHM.)Lorenzo& ialdLLO2X L ! , USTHIM) Lorenzd& d . , I
al. LLO22( FEUH! , UST M!Lprenzo &mi. Ld 023L!, UBT!, USTH!).

Lakapatiphyton samarensigMerr.) J.G.Chavezgcomb. nov, ined.[ Timonius samarensis
Merr., Philipp. J. Sci., C 12: 16%.9 1 7Timoniius macrophylluMerr., Philipp. J. Sci., C 5:
246. 1910, nom. illed. Lectotype (designatl here): The Philippines. Samar Island, Feb 1909,
| ,R. Rosenbluth sub F.B. 12886 barcode KO00763551 [image!kaledotype US! barcode
US00138425).

Lakapatiphyton sanctthomae J.G.Chavezsp. nov, ined. i Holotype: The Philippines.
Di nagat | sl and, Mt .J.CPhifiag §.M.e&EbisaRazand\bal . Alejantrd , ,
11053(USTH!; isotypes: USTH! [2 sheets]).

Lakapatiphyton sancthomaediffers fromL. pulcherrimunby its shorter stipules, 3.0.0 cm
long (versus 4107.0 cm long inL. pulcherrimun), truncate to auriculate leaf base (versus
attenuate to cuneate), vZ2.50 cm long peduncles (versus 1500 cm long) and lax

arrangement of flowers along the inflorescence branches (versus compact arrangement).
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Fig. 6. Lakapatiphyton pulcherrimurgen. & sp. nov.A, Staminate branchB, Staminate
flower; C, Staminate flower showing stigmatic arms of the pistillodibnPistillate flower;E,

Fruit; F, Pyrene arrangement in transverse section of fiuit/oucher data: AM. Lorenzo &
al. LLO2G, Bi C, M. Lorenzo & al. LLO19Di F, M. Lorenzo & al.LL024 & Scalebars: A, 5

cm; B'F, 4 mm.d Drawings: Jayson G. Chavez.
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