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Abstract

We present a new record to the Brazilian territory (i.e. Tradescantia boliviana), the rediscovery of a species
exclusively known from the cultivated type collection (i.e. 7. valida), the description of a new taxon (i.e.
1. chrysaphylla), synonyms for 1. crassula and 1. boliviana, correct the typification of 7. crassula, and des-
ignation of a lectotype for 7. ambigua and 1. ambigua var. pilosula. Furthermore, we present illustrations,

comments, distribution maps, and identification keys for the studied taxa.
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Introduction

Tradescantia L., as currently circumscribed, is the second largest genus of Commelinaceae,
with ca. 80 species (Faden 1998; eMonocot 2010; The Plant List 2013). The genus is
closely related to Callisia Loefl., Elasis D.R.Hunt, Gibasis Raf., and Tripogandra Raf.
(Evans et al. 2003; Wade et al. 2006; Burns et al. 2011; Hertweck and Pires 2014), with
the genera being differentiated based on inflorescence, floral, and seed morphology, and
some additional anatomical characters (Faden and Hunt 1991; Faden 1998; Pellegrini
2015). Tradescantia is characterized by its main florescences composed of a double-
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cincinni fused back to back, with each cincinni being contracted and subtended by an
expanded bract, actinomorphic flowers with six equal or subequal stamens, and seeds
with a linear hilum (Faden 1998; Panigo et al. 2011; Pellegrini 2015). The genus is
currently circumscribed into 12 taxonomic sections and four series, and native to the
Neotropics, but with a center of diversity in Mexico and Southern USA. This can be
explained by the occurrence of two species-rich sections (7. sect. Tradescantia and T sect.
Setcreasea) in drier environments (Hunt 1975, 1980, 1986a).

In Brazil, Tradescantia is represented by four of the 12 taxonomic sections (i.e.,
T sect. Austrotradescantia, T. sect. Campelia, T. sect. Mandonia, and T. sect. Zebrina)
and 12 species (Pellegrini et al. 2015; Pellegrini 2016, 2017). Currently, nine out
of 12 species known to Brazil are circumscribed in 7. sect. Austrotradescantia (Pel-
legrini 2015, 2017), but three species belong to different sections; 7. ambigua Mart.
ex Schult. & Schult.f. (7" sect. Mandonia), which is restricted to the Caatinga and Cer-
rado domains, 7. zanonia (L.) Sw. (T sect. Campelia), which is geographically disjunct
between the Amazon and the Atlantic Forest domains, and 7 zebrina Heynh. ex Bosse
(T sect. Zebrina), an aggressive invasive species widely distributed in Brazil (Pellegrini
2017). The systematics, taxonomy, and species delimitation in this genus are complex,
and have been the subject of many recent studies (Hertweck and Pires 2014; Pellegrini
2015, 2016; Pellegrini et al. 2015, 2016), shedding new light on this challenging
group. As part of our ongoing studies in 7radescantia (Pellegrini 2015, 2016, 2017;
Pellegrini et al. 2015, 2016), we describe a new species for Southern and Southeastern
Brazil, present the rediscovery of a poorly understood species, document a new record
for the Brazilian territory, and contribute with two new synonyms, as well as com-
ments, illustrations, maps, conservation assessments, and the necessary typifications.

Methods

The descriptions and phenology of the species were based on herbaria, spirit, fresh
material, field data, and literature. All species were studied in the field and thus their
descriptions are complemented with field notes, photographs, and cultivated speci-
mens, gathered during field trips throughout Brazil between the years of 2008-2016.
Specimens collected by the authors were kept in cultivation at the greenhouse of the
Jardim Botanico do Rio de Janeiro, in order to better observe, photograph, and ana-
lyze fresh flowers, fruits and seeds, as well as other phenological data. Specimens from
the following herbaria were also analyzed: ALCB, B, BHCB, BHZB, BM, BOTU,
BRIT, C, CAL, CEPEC, CES]J, CGE, CGMS, CNMT, COR, CVRD, EAC, ESA,
F FCAB, FLOR, FURB, GUA, HAMAB, HAS, HB, HBR, HDCE HRB, HSTM,
HUEEFS, HURB, IAC, ICN, INPA, JOIL K, L, M, MBM, MBML, MG, MO, MY,
NY, B PMSP, R, RB, RFA, RFFP, SP, SPE, U, UEC, UFRN, UPCB, US, W, WAG,
and WU (herbaria acronyms according to Thiers 2017). The distribution of Z7ades-
cantia boliviana (Hassk.) J.R.Grant was modified from Grant (2004) with the new
Brazilian records. The classification of the vegetation patterns follows IBGE (2012).
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The indumenta and shapes terminology follows Radford et al. (1974); the inflores-
cence terminology and morphology follows Weberling (1965, 1989) and Panigo et al.
(2011); the fruit terminology follows Spjut (1994); seeds terminology follows Faden
(1991); and general terminology for Tradescantia follows Pellegrini (2015, 2016) and
Pellegrini et al. (2016). Conservation assessments were carried out following IUCN
Red List Categories and Criteria, Version 3.1 (IUCN 2001). GeoCAT (Bachman et
al. 2011) was used for calculating the Extent of Occurrence (EOO) and the Area of
Occurrence (AOQO).

Results

We update the number of species of Tradescantia known from Brazil to 14 (from 12),
with the description of a new species, a new record, two new synonyms, and the redis-
covery of 7. valida G.Briickn in the wild. We present complete descriptions of the new
species and the rediscovered taxon, and detailed diagnoses for the other three studied
species. The results are organized in the treated sections (i.e. 77 sect. Austrodescantia,
1" sect. Campelia, T. sect. Mandonia, and T. sect. Zebrina). Furthermore, as a result of
our improved knowledge of Tradescantia, we present an updated, illustrated, and more
functional identification key for the sections occurring in Brazil.

Updated key to the Brazilian sections of Tradescantia (modified from Pellegrini
etal.2015)

1 Filaments basally densely bearded with long moniliform hairs, connectives
rhomboid, anther sacs elliptic, style cylindrical with conical apex, stigma
punctate (Figs 1A, 2H, I); embryotega inconspicuous...........cccevvveuirrieunnnne.
...................................... Tradescantia sect. Austrotradescantia D.R.Hunt

- Filaments medially sparsely bearded with short moniliform hairs, connec-
tives quadrangular to rectangular (Fig. 6D) or sagittate to linearly-tapered
(Figs 4C, 7F), anther sacs C-shaped (Fig. 6D) or round (Figs 4C, 7F), style
cylindrical throughout, stigma truncate to capitulate (Fig. 6D) or capitate to
trilobate (Fig. 4C, D); embryotega conspicuous.........cccoccvviiuiiiiiiiiiccnnnnnne. 2

2 Inflorescences sessile, cincinni bracts reduced (Fig. 5D, E); flowers flat,
straight at anthesis and pre-anthesis, sepals equal, free (Fig. 6D), stamens
equal, filaments coiling at post-anthesis (Fig. 5F), pollen yellow (Fig. 6D),
ovary pubescent (Fig. 5F); embryotega dorsal ..........ccocooiiiiiin
................................................... Tradescantia sect. Mandonia D.R.Hunt

- Inflorescences pedunculate, cincinni bracts spathaceous (Fig. 4C & 7E); flow-
ers tubular, geniculate at anthesis and pre-anthesis, sepals unequal, irregularly
fused (Figs 4C, D, 7E), stamens subequal, filaments straight at post-anthesis,
pollen white (Fig. 4D), ovary glabrous; embryotega semilateral to lateral....3
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3 Inflorescences axillary, perforating the leaf-sheath (Fig. 4A); sepals fleshy, vi-
nous and tightly enclosing the capsule (forming a berry-like fruit) (Fig. 4E),
petals sessile, rhomboid to obovate, white (Fig. 4C, D), stamens free from the
121 Tradescantia sect. Campelia (L.C.Rich.) D.R.Hunt

- Inflorescences terminal, not perforating the leaf-sheath (Fig. 7E); sepals
membranous, hyaline, loosely enclosing the capsule (Fig. 7E), petals clawed,
ovate to elliptic, pink to purple (Fig. 7E), stamens epipetalous .....................
....................................... Tradescantia sect. Zebrina (Schnizl.) D.R.Hunt

Tradescantia sect. Austrotradescantia D.R.Hunt, Kew Bull. 35(2): 440. 1980.

Diagnosis. The section is characterized by perennial herbs, with thin and fibrous roots,
definite or indefinite base, rhizomes absent, leaves with asymmetric base, inflorescences
terminal or at the apex of the stems, pedunculate, cincinni bracts leaf-like or rarely
spathaceous, bracteoles inconspicuous, flowers flat, sepals equal, free, generally keeled,
petals free, sessile, stamens 6 and equal, free, filaments straight at post-anthesis, basally
densely bearded with long moniliform hairs, connectives rhomboid, anther sacs el-
liptic, ovary glabrous, stigma punctate, seeds costate, rarely rugose, embryotega incon-
spicuous and dorsal (Pellegrini 2015; Pellegrini et al. 2016).

Comments. T7adescantia sect. Austrotradescantia has been the subject of several
recent studies (Pellegrini 2015, 2016, 2017; Pellegrini et al. 2015, 2016; Funez et al.
2016). Species diversity in this section is centered in Southeastern and Southern Brazil,
where all of the accepted species occur. However, some species in the group have a
wider distribution, reaching neighboring countries like Argentina, Bolivia, Paraguay,
and Uruguay (Pellegrini 2015; Pellegrini et al. 2016). Tradescantia sect. Austrotrad-
escantia has recently been revised, and its morphology thoroughly analyzed in a yet
unpublished MSc thesis (Pellegrini 2015). As part of our revision of this section, we
describe a new species, report the rediscovery and inclusion of 7. valida in the section,
and a new synonym for 7. crassula (with a correction of its typification).

Tradescantia crassula Link & Otto, Icon. Pl. Rar. 2: 13, pl. 7. 1828.
Figs 1, 8

Tropitria crassula (Link & Otto) Raf., FL. Tell. 3: 68. 1837. Lectotype (designated
here). BRAZIL. Rio Grande do Sul: Rio Pardo, fl., fr., s.dat., E Sellow 3033 (B
barcode B100521014!).

Tradescantia crassipes Graham, Edinburgh New Philos. J. Jan.—March: 388. 1829,
nom. nud.

Tradescantia schwirkowskiana Funez et al., Phytotaxa 272 (1): 64. 2016. Holotype.
BRAZIL. Santa Catarina: Sao Bento do Sul, borda da ferrovia as margens do Rio
Banhados, l., fr., 16 Nov 2015, L.A. Funez & P. Schwirkowski 5037 (FURB No.
50791}; isotypes: C n.v., HURB n.v.). Syn. nov.
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Diagnosis. Herbs with a definite base, terrestrial, rupicolous or epiphytes. Roozs thin,
fibrous, cream to light brown, emerging from the basalmost nodes. Stems erect, suc-
culent, rarely to densely branched at the base, sometimes branching at the upper half;
internodes medium to dark green, glabrous, sometimes with a leaf-opposed longitudi-
nal line of short, uniseriate, light brown to hyaline hairs in the terminal portion of the
stems. Leaves distichously or spirally-alternate, sessile; sheaths light green, sometimes
with green striations, glabrous, margin ciliate to setose, hairs hyaline; blades elliptic
to broadly elliptic to ovate to broadly ovate to obovate, rarely lanceolate, falcate to
complicate, succulent, glabrous on both sides, adaxially glossy light to medium to
dark green, sometimes glaucous, abaxially light to medium green, turning olive-green
to greyish green to brown when dry, obtuse to truncate, rarely cuneate, margin green,
minutely ciliolate to ciliate, slightly revolute, apex acute to obtuse, rarely acuminate;
midvein conspicuous to inconspicuous, adaxially impressed to inconspicuous, second-
ary veins inconspicuous on both sides, sometimes slightly conspicuous on both sides.
Synflorescences terminal or axillar in the distal portion of the stems, composed of a
solitary main florescence, 1 per leaf axis. Inflorescences (main florescences) consisting of a
pedunculate double-cincinni fused back to back; peduncles green, glabrous, sometimes
with a leaf-opposed longitudinal line of short, uniseriate, light brown to hyaline hairs;
peduncle bracts absent; supernumerary bracts absent; cincinni bracts similar to each
other, rarely unequal or reduced in some axillary inflorescences, broadly ovate to ovate,
leaf-like, glabrous, adaxially light to medium to dark green, abaxially light to medium
green, base cordate to obtuse, not saccate, margin entire to minutely ciliolate to sparsely
setose near the base, apex acute; double-cincinni 8-28-flowered. Flowers bisexual, ac-
tinomorphic, flat (not forming a floral tube); floral buds broadly ovoid; pedicels green
to vinaceous, glabrous, rarely sparsely glandular-pubescent; sepals 3, equal, free, ovate,
cucullate, margin hyaline, apex acute, persistent in fruit, dorsally keeled, green, rarely
vinaceous, setose, with long hyaline hairs along the keel; petals 3, equal, free, elliptic
to ovate, rarely broadly ovate, not clawed (sessile), flat, white; stamens 6, arranged in
two series, equal, filaments free from the petals and from each other, filaments straight
at anthesis and post-anthesis, basally densely bearded with moniliform hairs, hairs as
long as the stamens, white, anthers basifixed, rimose, connective expanded, rhomboid,
yellow, anther sacs ellipsoid, divergent, yellow, pollen yellow; ovary sessile, subglobose
to globose, white, smooth, glabrous, 3-loculate, locules equal, locule 2-ovulate, ovules
uniseriate, style straight, white, cylindrical, conical at the apex, stigma punctate, pistil
longer than the stamens. Capsules subglobose, light to medium brown when mature,
smooth, glabrous, loculicidal, 3-valved, sometimes apiculate due to persistent style
base. Seeds exarillate, 1-2 per locule, ellipsoid to narrowly trigonal, cleft towards the
embryotega, ventrally flattened, testa grey to greyish brown, farinose, costate arranged
in ridges radiating from the embryotega; embryotega dorsal, relatively inconspicuous,
generally covered by a cream farina, without a prominent apicule; hilum linear, longer
than % the length of the seed.

Specimens seen. ARGENTINA. Misiones: Cainguds, pequefio campo a la en-
trada del Salto Golondrina, sobre Arroyo Guiray, fl., fr., 8 Nov 2000, M.E. Mulgura
de Romero et al. 2470 (CTES, SI); General Manuel Belgrano, ruta nacional 101,
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Figure 1. Tradescantia crassula Link & Otto. A habit, showing the erect stems, and distichously-alter-
nate leaves with conduplicate blades B detail of the stem and leaf-sheath € detail of the abaxial side of the
leaf-blade, showing the lack of hairs and the slightly conspicuous secondary veins D detail of floral buds,
showing the setose hairs, restricted to the keels of the sepals E flower F detail of the inflorescence, showing
the non-saccate cincinni bracts. Photographs by M.O.O. Pellegrini.
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8 km de Bernardo de Irigoyen hacia San Antonio, Salto Andrecito, fl., 15 Oct 1996,
O. Morrone et al. 1393 (CTES, SI). BRAZIL. Minas Gerais: Extrema, trilha para a
Pedra das Flores, fl., 24 Oct 2009, G.H. Shimizu 226 (RB, UEC). Rio Grande do
Sul: Baro, sudoeste de Garibaldi, Estrada para Carlos Barbosa, fl., fr., 22 Nov 2005,
M.C. Machado & L.Y.S Aona 607 (UEC, HUEES). Santa Catarina: Campo Belo do
Sul, Fazenda Gateados, fr., 15 Jul 2008, M. Verdi et al. 2028 (FURB, RB); Sao Bento
do Sul, Floresta Ombréfila Mista, fl., fr., 31 Dec 2013, P. Schwirkowski 197 (FURB).
Sao Paulo: Jundiai, Serra do Japi, fl., fr., 25 May 1994, J. Semir et al. 31648 (UEC);
loc. cit., Trilha do Mirante, fl., fr., 18 Jul 1995, R. Mello-Silva et al. 1074 (SPF); loc.
cit., Serra do Jundiai, sentido bairro Eloy Chaves, préximo a represa do DAE, fl., 23
Jan 1998, E.R. Pansarin 136 (SP, UEC); Itararé, Fazenda Ibiti (Ripasa), beira da es-
trada Itararé-Bonsucesso, fl., fr., 30 Oct 1993, V.C. Souza et al. 4531 (ESA, RB); Siao
Paulo, Cidade Jardim, fl., fr., 11 Mar 1932, W. Hoehne s.n. (IPA 69219, SPF 17149).

Distribution and habitat. T7adescantia crassula occurs in Argentina and Brazil (in
the states of Minas Gerais, Sao Paulo, Parand, Santa Catarina, and Rio Grande do Sul)
(Fig. 8). It is commonly found growing in rocky outcrops, grasslands and open areas,
under full sunlight, as rupicolous or terrestrial. It is also found on roadsides and within
the understory of open forests, as terrestrial or, more rarely, as an epiphyte.

Conservation status. 77adescantia crassula possesses a wide EOO (ca. 408,686.868
km?). Thus, following the IUCN recommendations (IUCN 2001), it should be con-
sidered Least Concern (LC).

Nomenclatural notes. Funez et al. (2016) indicate that Pellegrini (2015) errone-
ously designated the specimen Sellow 3033 (B100521014) as the lectotype for 7. cras-
sula. However, their affirmation is incorrect according to the Code since the thesis lacks
either a ISSN or an ISBN, and was never distributed to the general public (McNeill et
al. 2012, Art. 29.1). The work cited by Funez et al. (2016) was a draft version of the
first author’s unpublished M.Sc. thesis, with many incomplete and partially incorrect
data (Pellegrini, unpublished data), and therefore is not considered a effective publica-
tion by the Codle. Furthermore, according to Art. 30.8 (McNeill et al. 2012), any thesis
published on or after 1 January 1953 and stated to be submitted to a university for the
purpose of obtaining a degree, does not constitute effective publication; unless it con-
tains any kind of statement or other internal evidence that it is regarded as an effective
publication by its author or publisher. Since no statement is made in the final version
of the thesis (i.e. Pellegrini 2015), the publication does not meet any of the Code’s
requirements, and therefore cannot be treated as effectively published. In the final
version, Pellegrini (2015) gives detailed information on the typification of 7. crassula,
which is effectively published here and corrects the typifications by Funez et al. (2016).

The date written on the original label, and treated by Funez et al. (2016) as the col-
lections date, is “Dec. 1836”. Also, it is possible to see in the label the names of Sellow
and Humboldt. According to Stafleu and Cowan (1985), Friedrich Sellow lived from
1789-1831, and collected plant specimens in Southern Brazil and Uruguay 1819-1831,
funded by Humboldt. This easily explains why both botanists are mentioned in the origi-
nal label, and why the collector is to be considered as Sellow, instead of Humboldt or both
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botanists. Furthermore, given that Sellow died in 1831 and his expeditions were done just
before his death, it would be impossible for “Dec. 1836” to represent the actual collection
date. We believe this date might correspond to the date when this specimen was acquired
by Kunth, and placed into his personal herbarium. Finally, Link and Otto (1828) make
direct reference to their new species being based on Sellow collections. According to the
Code (McNeill et al. 2012, Art. 9.2), the Sellow 3033 (B100521014) specimen is a suit-
able choice for a lectotype, superseding the lectotypification of the original illustration,
done by Funez et al. (2016). The epitypification by Funez et al. (2016) should be disre-
garded entirely because the original illustration is informative enough to correctly apply
the name 7. crassula. All the diagnostic features of this species (see comments below) are
visible and sufficient for appropriate diagnosis, in the original illustration.

Taxonomic notes. The species in this section are especially variable morphologi-
cally and when in cultivation or growing in shaded areas they can change their vegeta-
tive morphology quite drastically. Few characters in the vegetative organs were observed
to be constant in the 7. crassula group and thus are of little taxonomic relevance. This
can be exemplified by the phyllotaxy and pubescence of the leaf-blades, which have
been shown to vary greatly due to ecological features (Pellegrini 2015, 2016). On the
other hand, the pubescence of the internodes, leaf-sheaths, and of the margin of the
leaf-blades were observed to be constant and reliable for species delimitation. As pre-
viously indicated in other 7T7adescantia sections (Anderson and Woodson 1935), the
pubescence of the pedicels and sepals seem to be highly stable within each species, easily
observable, and thus, reliable for species delimitation. As aforementioned, 7. crassula
is highly variable in vegetative morphology. All studied individuals always presented
glabrous leaf-blades, setose sepals with long hairs along the keel, and white petals. The
specimens cited by Funez et al. (2016) as representing 7. schwirkowskiana, fit perfectly
the circumscription adopted by us for 7. crassula, showing variation only in the degree
of branching of the stems, color of the leaf-blades, and degree of impression of the
secondary veins. All of this morphological variation can be easily explained by the eco-
logical features of the area where the specimens were collected (i.e. shaded moist forests
in mountainous regions from the state of Santa Catarina). Aside from that, the authors
state that 7. crassula possesses spirally-alternate leaves and a rhizomatous base. While
developing our studies for the taxonomic revision of 7. sect. Austrotradescantia and a
morphological phylogeny for the genus (Pellegrini 2015), we analyzed 50% of the spe-
cies in the genus and observed that all species of Tradescantia produce spirally-alternate
leaves when young. This feature is normally lost during development of most species of
T sect. Austrotradescantia, but is always retained by 7' valida G.Briickn. (see comments
below), sometimes retained by 7. cerinthoides Kunth (Pellegrini 2015, 2016), and rarely
retained by 7. crassula (Pellegrini, pers. obs.). No species in 77adescantia were observed
to produce rhizomes (Pellegrini 2015). The only known drought resistance strategy ob-
served in the genus was the production of tuberous roots; present in all species of 7 sect.
Mandonia, T. sect. Parasetcreasea, T. sect. Separotheca, 1. sect. Setcreasea and sect. Trades-
cantia, and exclusively in 7. commelinoides Schult. & Schult.f. from 7 sect. Cymbispatha
(Pellegrini 2015). Thus, 7. schwirkowskiana is here synonymized under 7. crassula.
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Tradescantia chrysophylla M.Pell., sp. nov.
urn:lsid:ipni.org:names:60474204-2
Figs 2, 8

Diagnosis. Similar to 7 cymbispatha due to its habit with an indefinite base, creeping
stems with ascending apex, sessile succulent leaves with flat blades homogeneously
covered by indumenta, inconspicuous secondary veins, saccate cincinni bracts, broadly
ovoid floral buds, sepals without keels, and pistil the same length as the stamens. It can
be differentiated by its velutine to hispid, golden to light brown indumentum cover-
ing almost the entire plant, strongly unequal cincinni bracts, and pedicels and sepals
glandular-pubescent, or with a mixture of glandular and eglandular hairs.

Type. BRAZIL. Sao Paulo: Biritiba Mirim, Estagao Biol6gica de Boracéia, fl., 24
Nov 1983, A. Custédio Filho 1910 (holotype: RB!; isotype: SP!).

Description. Herbs ca. 11-27 cm tall, with an indefinite base, terrestrial or rupi-
colous, rarely epiphyte. Roots thin, fibrous, cream to light brown, emerging from
the nodes touching the substrate. Stems creeping to ascending at the apex, delicate
to slightly succulent, densely branched; internodes 1.5-8.2 ¢m long at base, distal-
ly shorter, dark green to vinaceous, velutine to hispid, hairs golden to light brown.
Leaves distichously-alternate, sessile; sheaths 0.4-1 c¢m long, green to vinaceous with
dark green to purple striations, velutine to hispid, margin densely setose, hairs golden;
blades broadly elliptic to broadly ovate, 1.8-7.6 x 0.9-3.4 c¢m, flat, succulent, velutine
to hispid on both sides, hairs golden to light brown, adaxially dark green, abaxially
vinaceous, turning dark brown to olive-green on both sides when dry, base cordate to
rounded, margin ciliolate, apex acute, sometimes acuminate; midvein conspicuous,
adaxially impressed, secondary veins inconspicuous, adaxially inconspicuous, abaxially
inconspicuous, becoming more evident abaxially when dry. Synflorescences terminal
or axillar in the distal portion of the stems, composed of a solitary main florescence,
1 per leaf axis. Inflorescences (main florescences) consisting of a pedunculate double-
cincinni fused back to back; peduncles (0.4—)1.1-9.5 cm long, vinaceous, velutine to
hispid, hairs golden to light brown; basal bract inconspicuous, tubular, hyaline, gla-
brous; peduncle bracts absent; supernumerary bracts absent; cincinni bracts strongly
unequal among themselves, elliptic to ovate to broadly ovate, 0.9-6.6 x 0.4-3.1 cm,
leaf-like, velutine to hispid, hairs golden to light brown, adaxially dark green, abaxi-
ally vinaceous, base cordate to round, saccate, margin ciliolate, apex acute; double-
cincinni (4-)6-12-flowered; bracteoles inconspicuous, imbricate, linear-triangular to
triangular, hyaline. Flowers bisexual, actinomorphic, flat (not forming a floral tube),
1.1-1.6 cm diam.; floral buds broadly ovoid, apex acute; pedicels upright at anthe-
sis and pre-anthesis, reflexed at post-anthesis, 0.9-1.3 cm long, glandular-pubescent,
rarely with a mixture of glandular and eglandular, golden to light brown hairs; sepals
3, equal, free, ovate, cucullate, margin hyaline, apex acute, persistent in fruit, 4.7-5.8
x 2.6—4 mm, without dorsal keels, glandular-pubescent or with a mixture of glandu-
lar and eglandular, golden to light brown hairs; petals 3, equal, free, elliptic to ovate,
rarely broadly ovate, not clawed (sessile), flat, 8.8-9 x 5.7-6.2 mm, white; stamens 6,
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Figure 2. Tradescantia chrysophylla M.Pell. A habit B detail of the stem and leaf-sheath, showing the
hispid indumentum, and detail of the sessile leaf-blade € detail of the hispid hairs of the leaf-blade and of
the ciliolate margin D detail of the inflorescence, showing the unequal cincinni bracts E detail of the brac-
teole F detail of the pedicel and sepals, showing the glandular hairs G frontal view of the flower H stamen,
showing the filament with basal, dense and long moniliform hairs, the rhomboid connective, and the
ellipsoid anther sacs I detail of the gynoecium, showing the punctate stigma J mature, partially open cap-
sule, still covered by the persistent sepals. K—L seed: K dorsal view of a seed, showing the costate testa and
dorsal embryotega L ventral view of the seed, showing the linear hilum. Line drawing by M.A. Rezende.
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arranged in two series, equal, filaments free from the petals and from each other, fila-
ments 6-6.2 mm long, straight at anthesis and post-anthesis, basally densely bearded
with moniliform hairs, hairs as long as the stamens, white, anthers basifixed, rimose,
0.6-0.8 x 0.3—-0.7 mm, connective expanded, rhomboid, yellow, anther sacs ellipsoid,
divergent, yellow, pollen yellow; ovary sessile, subglobose, 1.5-1.7 x 1.2-1.4 mm,
white, smooth, glabrous, 3-loculate, locules equal, locule 2-ovulate, ovule uniseriate,
style straight, white, cylindrical, conical at the apex, 4-4.2 c¢m long, stigma punc-
tate, pistil the same length as the stamens. Capsules subglobose to globose, 2.7-3.2
x 2.2-2.8 mm, light to medium brown when mature, smooth, glabrous, loculicidal,
3-valved, sometimes apiculate due to persistent style base. Seeds exarillate, 1-2 per
locule, 1.1-1.5 x 1.0-1.4 mm, ellipsoid to narrowly trigonal, not cleft towards the
embryotega, ventrally flattened, testa grey to greyish brown, farinose, costate arranged
in ridges radiating from the embryotega; embryotega dorsal, relatively inconspicuous,
generally covered by a cream farina, without a prominent apicule; hilum linear, %5 the
length of the seed.

Specimens seen (paratypes). BRAZIL. Parand: Campo Largo, Caverna do Pin-
heirinho, fl., fr., 13 Oct 1996, G. Tiepolo & A.C. Svolenski 716 (EFC, MBM). Rio
de Janeiro: Itatiaia, Serra do Itatiaia, Maromba, fl., 23 Oct 1931, C. Porto 2101 (RB).
Santa Catarina: Rio do Sul, estrada Rio do Sul-Lontras, fl., 3 Dec 2013, A.L. Gasper
et al. 3270 (FURB). Rodeio, borda da floresta, fl., fr., 10 Oct 2015, L.A. Funez 4549
(FURB). Urubici, Salto do rio Avencal, fl., fr., 16 Oct 2004, G. Hatschbach et al.
78097 (MBM). Sao Miguel D’Oeste, forest above rio Reperi-guagu, Peperi, fl., fr., 21
Oct 1964, L.B. Smith & R. Reitz 12775 (FLOR, HBR, NY, US). Sao Paulo: Jundiaf,
mata de planalto na Serra do Japi, fl., 11 Aug 1976, H.F. Leitao-Filho & G.]. Shep-
herd 2536 (MBM, NY, UEC); loc. cit., ca. 10 km SW de Jundiai, fl., fr., 8 Oct 1976,
H.F. Leitdao-Filho et al. 3175 (E, MBM, NY, UEC, UFG, US). Sales6polis, Estacio
Biolégica de Boracéia, estrada para a barragem da SABESP no Rio Guaratuba, fl., 5
Sep 1994, R. Simao-Bianchini et al. 505 (RB, SP, UEC).

Etymology. The epithet “chrysophylla” means golden leaves and is given after the
golden hairs that cover the whole plant, but especially the leaves.

Distribution and habitat. 7radescantia chrysophylla is endemic to Brazil, more
precisely to the states of Rio de Janeiro, Sao Paulo, Parand and Santa Catarina (Fig.
8). It can be found growing as a terrestrial, rupicolous or as an epiphyte, understory in
shaded and moist forests.

Phenology. It was found in bloom and fruit from August to December, but peak-
ing during October.

Conservation status. 77adescantia chrysophylla possesses a wide EOO (ca.
173,649.709 km2?), but a considerably narrow AOO (ca. 36.000 km?). Since it is
known from very few and fragmented collections, following the IUCN (2001) recom-
mendations, 7. chrysophylla should be considered Endangered [EN, A2cde+ B2ab(ii,
iii, iv)+D2].

Discussion. Tradescantia chrysophylla is morphologically similar to 7. cymbispatha
C.B.Clarke, 7. fluminensis Vell. and 7. mundula Kunth due to their indefinite base,
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creeping stems with ascending apex, saccate cincinni bracts, petals always white, pistil
as long as the stamens, seeds with uncleft testa towards the embryotega, and hilum
V2 the length of the seed. However, it can be easily differentiated from 7. flumin-
ensis and 1. mundula by its sessile succulent leaves, blades homogeneously covered
by indumentum, and inconspicuous secondary veins (zs. leaves membranous, blades
glabrous or unevenly covered by indumentum, and impressed secondary veins), floral
buds broadly ovoid (zs. ovoid to narrowly ovoid), and sepals without keels (vs. keeled
sepals). Tradescantia chrysophylla is considerably more similar to 7% cymbispatha due to
their sessile, succulent leaves homogeneously covered by indumenta, inconspicuous
secondary veins, and sepals without keels. Nonetheless, in 7. chrysophylla the indu-
mentum is velutine to hispid and golden to light brown (vs. strigose and hyaline in 7.
cymbispatha), the cincinni bracts are strongly unequal (vs. equal), and the pedicels and
sepals are glandular-pubescent with golden to light brown hairs or covered by with a
mixture of glandular and eglandular hairs (vs. velutine, covered by eglandular hyaline
hairs). Furthermore, 7. chrysophylla can be differentiated from almost all the species of
T. sect. Austrotradescantia by its golden to light brown indumentum covering almost
the entire plant. The only other species known to possess a similarly colored indumen-
tum is 7. cerinthoides (Pellegrini 2015, 2016). Tradescantia chrysophylla can be easily
differentiated by its indefinite habit base (vs. definite in 7. cerinthoides), prostrate stems
(vs. ascending to erect), saccate cincinni bracts (vs. non-saccate), pistil the same length
as the stamens (vs. longer than the stamens), petals always white (vs. ranging from
white to pink to lilac), seed not cleft towards the embryotega (vs. cleft), and hilum %2
the length of the seed (vs. longer than V2 the length).

Tradescantia valida G.Briickn., Notizbl. Bot. Gart. Berlin—-Dahlem 11: 510. 1932.
Figs 3, 8

Type. BRAZIL. cult. in Hort. Bot. Miinster/W., fl., fr., 28 Apr 1932, s.leg. s.n. (holo-
type: B barcode B 100296487!).

Description. Herbs ca. 30-70 cm tall, with indefinite base, rupicolous, rarely ter-
restrial. Roors thin, fibrous, cream to light brown, emerging from the nodes touching the
substrate. Stems erect, succulent, little branched only at the base; internodes 1.8—7 cm
long at base, distally shorter, green, sometimes with vertical reddish purple striations,
glabrous. Leaves spirally-alternate, sessile; sheaths 0.4-1.8 cm long, light green, some-
times with vertical green or reddish purple striations, glabrous, margin setose, with long
hyaline hairs; blades linear elliptic to linear lanceolate to lanceolate, rarely ovate, 2.7
18.2 x 1.1-2.5 cm, falcate to complicate, succulent, glabrous, adaxially light to medium
green, abaxially light green, rarely tinted vinaceous to completely vinaceous, turning ol-
ive-green to light brown when dry, base truncate to obtuse, margin green to vinaceous,
setose at base or until the middle with long hyaline hairs, slightly revolute, apex acute
to acuminate; midvein conspicuous to inconspicuous, secondary veins inconspicuous,
becoming more evident on both sides when dry. Synflorescences terminal or axillar in



Novelties in Brazilian 7radescantia L. (Commelinaceae) 13

pansasai JybuAdoos

Tradescantia valide n.sp.Brilckn. Am 28,4,1932 vom
Botenischen Garten zu Miinster/W. erhelten. Lort bei einem
Hendelsgértner auf epiphytischem Orchideenmaterial aus
Brasilien aufgegangen. —— Typus !
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Figure 3. Tradescantia valida G.Briickn. Holotype of 7. valida (B barcode B100296487). Photograph

courtesy of the Botanic Garden and Botanical Museum Berlin-Dahlem, Freie Universitit Berlin.
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the distal portion of the stems, composed of a solitary main florescence, 1 per leaf axis.
Inflorescences (main florescences) consisting of a pedunculate double-cincinni fused back
to back; peduncles 3.5-52 c¢m long, green, glabrous; basal bract inconspicuous, tubular,
hyaline, glabrous; peduncle bracts absent; supernumerary bracts present, 1-3 per inflo-
rescence, similar in shape and size to the cincinni bracts; cincinni bracts unequal among
themselves, lanceolate to ovate, rarely broadly ovate, 1-3.5 x 0.3—1.2 cm, spathaceous,
glabrous, light-green, abaxially slightly lighter, base truncate to obtuse, not saccate, mar-
gin green, setose at base or until the middle with long hyaline hairs, apex acute; double-
cincinni (4-)6-26-flowered; bracteoles inconspicuous, imbricate, linear-triangular to
triangular, hyaline. Flowers bisexual, actinomorphic, flat (not forming a floral tube),
1-1.5 cm diam.; floral buds broadly ellipsoid, apex acuminate; pedicels upright at an-
thesis and pre-anthesis, reflexed at post-anthesis, 0.7-2 c¢m long, green, glabrous, rarely
sparsely glandular-pubescent, if present hairs hyaline; sepals 3, equal, free, ovate, cucul-
late, margin hyaline, apex acute, persistent in fruit, 4.8—7.3 x 1.5-3 mm, green, without
dorsal keels, glabrous, rarely sparsely pilose at the apex, hairs eglandular, hyaline; petals
3, equal, free, elliptic to ovate, rarely broadly ovate, not clawed (sessile), flat, 5.2-8.6 x
2.7-5.4 mm, white to white with pink apex to light pink; stamens 6, arranged in two
series, equal, filaments free from the petals and from each other, filaments 2.8-5 mm
long, straight at anthesis and post-anthesis, basally densely bearded with moniliform
hairs, hairs as long as the stamens, white, anthers basifixed, rimose, 0.8-1 x 1-1.2 mm,
connective expanded, rhomboid, yellow, anther sacs ellipsoid, divergent, yellow, pollen
yellow; ovary sessile, subglobose to globose, 1-1.7 x 1-1.3 ¢cm, white, smooth, glabrous,
3-loculate, locules equal, locule 2-ovulate, ovule uniseriate, style straight, white, cylin-
drical, conical at the apex, 4-5.8 cm long, stigma punctate, pistil longer than the sta-
mens. Capsules subglobose to broadly oblongoid, 2.8-4.2 x 1.8—-3 mm, light to medium
brown when mature, smooth, glabrous, loculicidal, 3-valved, sometimes apiculate due
to persistent style base. Seeds exarillate, 1-2 per locule, 1.4-3 x 1-1.8 mm, ellipsoid to
trigonal, cleft towards the embryotega, ventrally flattened, testa grey to greyish brown,
farinose, costate arranged in ridges radiating from the embryotega; embryotega dorsal,
relatively inconspicuous, generally covered by a cream farina, without a prominent api-
cule; hilum linear, longer than 5 the length of the seed.

Specimens seen. BRAZIL. Rio Grande do Sul: Jaguari, ca. 12.5 km ao norte
de Jaguari na BR-287 em dire¢o a Santiago, fl., fr., Dec 2005, L.Y.S. Aona & M.C.
Machado 958 (UEC 3ex); loc. cit., gruta linha 1, fl,, fr., 27 Dec 1985, ].N.C. Mar-
chiori 149 (HDCEF).

Distribution and habitat. Tradescantia valida is endemic to Brazil, more precisely
to the state of Rio Grande do Sul (Fig. 8). It can be found growing as rupicolous, rarely
as a terrestrial, in rocky walls.

Phenology. It was found in bloom and fruit in December and April.

Conservation status. 77adescantia valida is only known from the cultivated type
collection and collections in Jaguari, state of Rio Grande do Sul. Thus, in accordance
with the [IUCN recommendations (IUCN 2001), it should be considered as Data De-
ficient (DD), until further information on the species becomes available.
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Discussion. 77radescantia valida is closely related to the remaining three species in the
T crassula group, due to its erect habit, definite base, sessile, conduplicate to falcate, suc-
culent leaves, generally with inconspicuous secondary veins, cincinni bracts non-saccate at
base, pistil longer than the stamens, hilum longer than 2 the length of the seed, and for
preferentially inhabiting open areas and rocky outcrops (Pellegrini 2015, 2016). Trades-
cantia valida can be differentiated easily from all remaining species of the 7. crassula group
by its spathaceous cincinni bracts and by the presence of supernumerary bracts. The pres-
ence of spathaceous cincinni bracts is a character previously reported in 7. sect. Austro-
tradescentia exclusively for 7. umbraculifera Hand.-Mazz., a member of a clade named 7.
Sfluminensis group by Pellegrini (2015), and thus quite remarkable in this distantly related
species. Aside from that, the presence of supernumerary bracts is unique within 7. sect.
Austrotradescantia, but well-known in species from 7. sect. Cymbispatha (Pellegrini 2015;
Pellegrini et al. 2016) and 7. sect. Mandonia (Grant 2000; Pellegrini 2015).

In the 7. crassula group, T. valida is similar to 7. cerinthoides due to its sepals
without dorsal keels. However, they can be easily differentiated due to its generally
linear elliptic to linear lanceolate to lanceolate leaf-blades (s. elliptic to broadly elliptic
or ovate to broadly ovate or obovate to broadly obovate, in 7. cerinthoides), glabrous
with margins setose at the base or until the middle (zs. pubescent on both sides or
only abaxially, rarely glabrous on both sides with ciliate margins), and pedicels and
sepals glabrous or only sparsely pubescent with eglandular hairs (vs. evenly densely
velutine to hispid, sometimes with a mixture of glandular and eglandular hairs). 77ad-
escantia valida is much more similar to 7. crassula and T, seubertiana M.Pell., due to
their leaf-blades and floral pubescence. These species can be easily differentiated by the
pubescence of the margin of their leaf-sheaths (ciliate to shortly-setose in 7. crassula;
glabrous in 7. seubertiana; and long-setose in 7. valida), the pubescence of their sepals
(long-setose along the keels in 7. crassula; glabrous in 7. seubertiana; and glabrous or
with few hairs at the apex in 7. valida), and by the shape of their floral buds (broadly
ovoid 7. crassula; ellipsoid in 7. seubertiana; and ellipsoid in 7. valida).

Updated key to the Tradescantia crassula group (modified from Pellegrini 2016)

1 Leaf-blades pubescent on both sides or only abaxially, rarely glabrous on both
sides; pedicels and sepals densely velutine to hispid, sometimes with a mix-
ture of glandular and eglandular hairs..... Tradescantia cerinthoides Kunth

- Leaf-blades glabrous on both sides, secondary veins adaxially inconspicuous;
pedicels glabrous, rarely sparsely glandular-pubescent, sepals glabrous or with
hairs restricted to the dorsal keel ........coovueiiiiininiiniiniiccce, 2

2 Leaf-blades with margins setose at base or until the middle with long hairs;
supernumerary bracts present, cincinni bracts spathaceous; sepals not dorsally
keeled .....oovoveiiiiiiiiccie Tradescantia valida G.Briickn.

- Leaf-blades with margin entire or ciliolate to ciliate; supernumerary bracts
absent, cincinni bracts leaf-like; sepals dorsally keeled..........cccoveincinneee. 3
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3 Leaf-sheaths margins glabrous, base of the blades cordate to slightly amplexi-
caulous to obtuse; cincinni bracts unequal; floral buds ellipsoid; sepals gla-
brous; petals light pink to pink.............. Tradescantia seubertiana M.Pell.

- Leaf-sheaths margins ciliolate to ciliate, base of the blades obtuse to truncate;
cincinni bracts equal; floral buds broadly ovoid; sepals sparsely setose along
the keel; petals white......cccovveinrcnnnee Tradescantia crassula Link & Otto

Tradescantia sect. Campelia (Rich.) D.R.Hunt, Kew Bull. 41(2): 404. 1986.
Fig. 4

Diagnosis. The section is characterized by perennial herbs, with thin fibrous roots,
definite base, without rhizomes, leaves with symmetric or slightly asymmetric base, in-
florescences axillary, pedunculate, cincinni bracts spathaceous, bracteoles conspicuous
and linear, flowers tubular, sepals unequal, basally conate, not keeled, petals free, short-
ly-clawed, stamens 6 and subequal, free, filaments straight at post anthesis, medially
sparsely bearded with moniliform hairs, connectives sagittate, anther sacs round, ovary
glabrous, stigma capitate, seeds smooth to faintly rugose, embryotega inconspicuous
and semilateral (Hunt 1986; Pellegrini 2015).

Comments. 77adescantia sect. Campelia is monospecific and represented by 7. zano-
nia (L.) Sw. It was considered by Hunt (1986) to be unique within the genus due to its
fleshy pedicel and sepals covering the capsule, giving the fruit a berry-like appearance,
which is consumed by birds and other small animals (Hunt 1986; Pellegrini, pers. obs.).
Nonetheless, the morphological similarity to 77radescantia sect. Zebrina is indisputable,
as pointed out by Hunt (1986) and here reaffirmed by us. Tradescantia sect. Zebrina is
highly variable in the following characters: (1) the position of the inflorescence; (2) if it
perforates the leaf-sheaths or not; (3) the degree of conation between the sepals, the pet-
als; and (4) the degree of connation between the petals and stamens. Thus, both sections
are distinguished solely based on the consistency of their calyx (Pellegrini, pers. obs.).

Tradescantia sect. Mandonia D.R.Hunt, Kew Bull. 35(2): 441. 1980.

Diagnosis. The section is characterized by perennial herbs, with tuberous roots, defi-
nite base, without rhizomes, leaves with symmetric or slightly asymmetric base, inflo-
rescences mainly axillary, sessile, cincinni bracts much reduced or rarely leaf-like in the
terminal inflorescences, bracteoles inconspicuous, flowers flat, rarely tubular, sepals
equal, free, not keeled, petals free, sessile, stamens 6 and equal, free or epipetalous,
filaments coiling at post anthesis, medially sparsely bearded with moniliform hairs,
connectives quadrangular to rectangular, rarely rhomboid, anther sacs C-shaped, ovary
pubescent, stigma truncate to capitulate, seeds scrobiculate to rugose, rarely costate,
embryotega conspicuous and dorsal (Hunt 1980; Pellegrini 2015).
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Figure 4. Tradescantia zanonia (L.) Sw. A habit, showing the axillary inflorescences perforating the leaf-

sheaths B detail of the leaf-sheath € detail of the inflorescence, showing the spathaceous, saccate cincinni
bracts, geniculate flowers, and basally conate sepals D side view of a flower, showing the shallowly-tubular
flower, subequal stamens, sagittate connectives, round anther sacs, and trilobate stigma E detail of a
branched synflorescence, bearing berry-like fruits. Photograph A by A.P. Maceda, B by P. Schwirkowski,
C-E by M.O.O. Pellegrini.

Comments. 77radescantia sect. Mandonia is a poorly understood group, currently
represented by 12 species (Hunt 1980, 1986b, 2007; Grant 2000, 2004; Zamudio
et al. 2013). This section possesses a very interesting disjunctive distribution, being
restricted to Seasonally Dry Tropical Forests throughout the Neotropics. Species de-
limitation is especially complicated in this this group, due to great vegetative plasticity
within species, and conserved reproductive features. Most species can be easily identi-
fied based on their allopatric distributions, but hardly differentiated based solely on
their morphological features (Pellegrini, unpublished data). In South America, 7. sect.
Mandonia is currently represented exclusively by two species, 7. ambigua Mart. ex
Schult. & Schult.f. and 7. boliviana. Tradescantia boliviana has hitherto been consid-
ered exclusive to Argentina, Bolivia, Paraguay, and Peru (Grant 2004). However, after
analyzing several herbaria we came across specimens representing 7. boliviana that
reached the Brazilian territory, in the state of Mato Grosso do Sul. Thus, we present
an identification key differentiating both species, illustrations, a distribution map, and
the needed comments and typifications.
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Key to the South American species of Tradescantia sect. Mandonia

1 Leaves flat, abaxially hispid; pedicel and sepals velutine, connective rectan-
gular, ovary and capsules densely velutine to velutine; hilum %2 the length of
the seed......covveuennnne. Tradescantia ambigua Mart. ex Schult. & Schult.f.

- Leaves conduplicate, abaxially densely velutine; pedicel and sepals hispid or
glandular-pubescent, connective quadrangular, ovary and capsules velutine
to sparsely velutine at apex; hilum as long as the seed..........ccccoviiiinine,
............................................... Tradescantia boliviana (Hassk.) J.R.Grant

Tradescantia ambigua Mart. ex Schult. & Schult.f. in Roemer & Schultes, Syst.
Veg. (ed. 15 bis) 7(2): 1170. 1830.
Figs 5, 8

Lectotype (designated here). BRAZIL. Bahia: Provincia Bahiensis, fl., fr., s.dat., C.EP.
von Martius 140 (M barcode M0243603!).

Tradescantia ambigua var. glabriuscula C.B.Clarke, Monogr. Phan. 3: 292. 1881. Lec-
totype (designated here). BRAZIL. Piauhy, shady woods between Sio Gongalo
do Piauf and Campos, fl., Feb 1819, G. Gardner 2334 (K barcode K000363268!;
isolectotype: BM barcode BM001209590!).

Diagnosis. Herbs perennial, with a definite base, terrestrial to rupicolous. Roozs thick,
tuberous, brown to dark-brown, densely to sparsely pilose with brown to dark-brown
hairs emerging from the rhizome and from the basal-most nodes. Stems erect, succu-
lent, unbranched, rarely branched near the base; internodes green to vinaceous to red-
dish brown, sometimes with green striations, sparsely velutine, becoming glabrous at
age, hairs hyaline. Leaves spirally-alternate, evenly distributed along the stems, sessile,
the apical ones gradually smaller than the basal ones; sheaths green, hispid, hairs hya-
line, margins hispid, hairs hyaline; lamina crass, flat, light to medium green on both
sides, lanceolate to ovate, rarely obovate, adaxially sparsely hispid, becoming glabrous
when mature, abaxially densely hispid, hairs hyaline, base truncate to amplexicaulous,
margins vinaceous to reddish brown, ciliate, apex acuminate; midvein conspicuous,
impressed adaxially, prominently obtuse abaxially, secondary veins inconspicuous to
slightly conspicuous on both sides. Inflorescences (main florescences) consisting of a ses-
sile double-cincinni fused back to back, axillary in the uppermost nodes; peduncles in-
conspicuous; basal bract inconspicuous, tubular, hyaline, glabrous; peduncle bracts ab-
sent; supernumerary bracts sometimes present, 1-3 per inflorescence, similar in shape
and size to the cincinni bracts; cincinni bracts reduced, light green, hispid, base non-
saccate; cincinni 6-12-flowered; bracteoles inconspicuous, imbricate, linear-triangular
to triangular, hyaline. Flowers bisexual, actinomorphic, flat (not forming a floral tube);
floral buds ovoid, light to medium green, rarely pink; pedicels light to medium green,
rarely pink, velutine to hispid, hairs eglandular, hyaline; sepals 3, equal, ovate, cucul-



Novelties in Brazilian 7radescantia L. (Commelinaceae) 19

Figure 5. Tradescantia ambigua Mart. A sterile habit, showing the amplexicaulous leaf-blades B detail
of the stem and leaf-sheath, showing the densely hispid leaf-sheath and blade € detail of the leaf-blade,
showing the reddish, ciliate margin, and the sparsely hispid blade D fertile habit, showing the axillary,
sessile inflorescences E removed leaf, exposing the sessile inflorescence and showing the reduced cincinni
bracts (arrows) F post-anthesis flower, showing the apically spirally-coiled filaments. Photograph A by
E.O. Moura, D & F by L.J. Leitdao, B-C & E by M.O.O. Pellegrini.

late, dorsally not keeled, light to medium green, rarely pink, velutine to hispid, hairs
eglandular, hyaline, apex acute, margins hyaline light-green, persistent in fruit; petals
3, equal, sessile, elliptic to ovate to rhomboid, white to pale lilac to lilac to light pink to
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pink, base cuneate, margins entire, apex acute; stamens 6, equal, filaments light pink to
pink to dark pink, rarely white, medially densely bearded with moniliform, light pink
to pink to dark pink hairs, straight at anthesis, coiling at post anthesis, connective ex-
panded, rectangular, yellow to orange, anthers sacs curved, yellow, pollen yellow; ovary
subglobose, 3-loculate, white, smooth, densely velutine, style straight, white to light
pink to pink, stigma capitulate, white to light pink, pistil longer than the stamens.
Capsules subglobose, apiculate due to persistent style apex, light green when immature,
light brown when mature, velutine, smooth, 3-valved. Seeds uniseriate, 2 per locule,
ellipsoid to broadly ellipsoid, not cleft towards the embryotega, ventrally flattened,
testa grey to greyish brown, farinose, scrobiculate arranged in ridges radiating from the
embryotega; embryotega dorsal, conspicuous, with a prominent apicule; hilum linear,
V2 the length of the seed.

Specimens seen. BRAZIL. Alagoas: Arapiraca, estrada em diregio de Jaramataia,
ca. 40km da cidade de Arapiraca, fl., 13 Jun 1980, V.C. Lima et al. 77 (IPA); Pao
de Aglicar, caminho para Ilha do Ferro, fl., fr., 21 Jun 2002, R.P. Lyra-Lemos 6828
(HUEFS, MAC); Pogo das Trincheira, Sitio Saco do Ramalho, fl., fr., 24 Aug 1983,
M.N.R. Staviski et al. 643 (MAC, MG). Bahia: Cachoeira, Morro Belo, Vale dos
Rios Paraguagu e Jacuipe, fl., fr., Aug 1980, Grupo Scardino et al. 513 (CEPEC);
Caculé, ca. 4.7 km E da sede municipal, estrada que leva a torre de televisdo, fl., 30
Mar 2001, J.G. Jardim et al. 3213 (CEPEC, HUEES, RB); Feira de Santana, distrito
de Ipuacu, fl,, fr., 26 Jul 2003, F. Fran¢a et al. 4798 (HUEFS, HRCB); loc. cit., fl.,
19 May 2005, A.P.L. Couto et al. 96 (HUEES); loc. cit., inselberg Monte Alto, fl.,
19 Jun 2006, E. Melo & B.M. Silva 4453 (HUEEFES); loc. cit., fl,, fr., 8 Jul 2006, C.T.
Lima et al. 39 (HUEFS); Itaberaba, Fazenda Morros, fl., fr., 15 Sep 1984, G. Hatsch-
bach 48199 (MBM); Milagres, Morro Pé da Serra, fl., 16 Mar 1997, F. Fran¢a et al.
2174 (HUEEFES, UEC); Paulo Afonso, Raso da Catarina, Mata das Pororocas, fl., 10
Jun 1983, L.P. Queiroz 561 (ALCB, HUEES, IPA); Riachao do Jacuipe, fl., fr., 6 Jun
2009, E. Melo et al. 6244 (HUEES). Ceara: Aiuaba, Estacao Ecoldgica de Aiuaba,
Gameleira de Cima, fl., 9 Apr 1997, L.W. Lima-Verde et al. 570 (EAC); loc. cit., fl.,
9 Apr 1997, L.W. Lima-Verde et al. 573 (EAC); Carnaubal, Planalto do Ibiapaba, fl.,
30 Apr 2010, E.M. Marreira et al. 84 (HUEFS, HUVA); Crateus, Sertao de Cratets,
Ibiapaba Norte, Picote, fl., fr., 21 May 1997, M.A. Figueiredo s.n. (EAC25685); Gen-
eral Sampaio, RPPN Fancy Nunes, fl., 25 May 2007, M.E. Moro et al. 137 (EAC);
Ipueiras, Olho D’dgua dos Galvao, Nova Fétima, fl., fr., 20 Apr 2014, A.S.F. Castro
2802 (EAC); Itapagé, Serrote do Meio, Pitombeira, fl., 30 Mar 2002, A.S.F. Castro
1182 (EAC); Meruoca, Serra de Meruoca, Sitio Santo Anténio, fl., 15 Feb 1957, A.
Fernandes s.n. (EAC1699); loc. cit., fl., 3 Mar 1962, A. Fernandes s.n. (EAC2158);
Monsenhor Tabosa, Serra Branca/Serra das Matas, fl., 6 Mar 2000, A.S.F. Castro 804
(EAC); Novo Oriente, Baixa Fria, fl., fr., 4 May 1991, E.S. Aratjo 445 (EAC); Pen-
tecoste, Serra do Tamandud, fl., 31 Mar 2001, A. Andrade s.n. (EAC30590); Santa
Quitéria, Serra do Pajé, Fazenda Itan de Cima, fl., fr., 7 May 1997, L.W. Lima-Verde
733 (EAC); loc. cit., fl., fr., 7 May 1997, L.W. Lima-Verde 734 (EAC); loc. cit., Fa-
zenda ltataia, fl., 24 Apr 1984, A. Fernandes et al. s.n. (EAC12489); loc. cit., Subida
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da Serra, cerca de 2.8km NE da Fazenda Itataia, fl., 27 Apr 2012, J. Paula-Souza et al.
11037 (EAC, ESA, RB); Tiangud, Chapada da Ibiapaba, Cachoeira do Frade, fl., fr.,
30 Apr 1987, A. Fernandes & Matos s.n. (EAC15125, IPAG9126). Goids: Lavandeira,
5.5km de Lavandeira em direcio a Aurora do Tocantins, fl., 25 Jan 2005, J. Paula-
Souza et al. 4654 (ESA, RB). Minas Gerais: s.loc., s.dat., fl., A.F.M. Glaziou 14362
(US); Janudria, Brejo do Amparo, Serra do Brejo, fl., 3 Jan 1970, J.P. Carauta 1058
(RB); loc. cit., 15 km na estrada a W de Janudria para a Serra das Araras, fl., fr., 20 Apr
1973, W.R. Anderson et al. 9220 (MO, UB); loc. cit., Barreiro, estrada vicinal a partir
do trevo do aeroporto, fl., 4 Apr 2016, C.N. Fraga 3654 (RB); Pains, st., 23 Jan 1991,
M.A. Rollo s.n. (RB00898260, SPF). Paraiba: Pocinhos, Mubuco, 1., fr., 8 Jul 1994,
AM. Miranda & L.P. Félix 1844 (HST, PEUFR, RB, US); Remigio, Agreste, Escola
Agronémica do Nordeste, fl., fr., 8 Aug 1958, J.C. Moraes 1854 (EAN, RB); Sio José
dos Cordeiros, fl., 23 Mar 2003, I.B. Lima et al. 83 (HUEES). Pernambuco: Alagoin-
ha, Serra do Gaviao, fl., fr., 8 Aug 2000, A. Viana et al. 75 (IPA); Arcoverde, Estacio
Experimental, fl., fr., 22 Jul 1971, Andrade-Lima 71-6399 (IPA); Betania, Serra dos
Arrombadores, fl., 6 Apr 2002, S.M.F. Neto et al. 2 (IPA); Buique, Parque Nacional
do Catimbau, perto da entrada da trilha do canion, fl, fr., 16 May 2006, E.A. Rocha
etal. 1481 (IPA); loc. cit., Vale do Catimbau, trilha das Torres, fl., fr., 18 Jun 2008, R.
Pereira et al. 2760 (HUEFS, IPA); Pesqueira, Serra do Gaviao, fl., fl., 19 Jun 2005, M.
Oliveira 1811 (IPA); Ouricuri, margem da estrada Lagoa-Ouricuri, fl., 4 May 1971,
E.P. Heringer et al. 499 (IPA, PEUFR, R, RB, UB); Sao Cactano, RPPN Pedra do
Cachorro, Subida florestal do afloramento rochoso granitico, fl., fr., 19 Jun 2011, K.
Mendes, 700 (ASE). Rio Grande do Norte: Bodd, fl., 4 May 2014, E.O. Moura et al.
161 (UFRN); Florania, rodovia para Tenente Laurentino ca. 6 km da sede municipal,
Serra de Santana, fl., 29 May 2010, J.G. Jardim et al. 5768 (RB, UFRN); Serra de Sao
Bento, fl., L.M. Versieux et al. 548 (HURB, RB, UFRN). Sergipe: Canindé de Sao
Francisco, fl., 1 Sep 2014, G.S. Freire 116 (ASE); Frei Paulo, 6km apds o povoado
Mocambo, entrada para mata, fl., 26 Jun 1981, M. Fonseca 517 (ASE); loc. cit., fl., fr.,
6 Aug 1987, G. Viana 1925 (ASE, HURB); Nossa Senhora da Gléria, Fazenda Olhos
d’[\gua, fl., fr., 06 Aug 1982, E. Gomes 114 (ASE); loc. cit., fl., fr., 1 Sep 1983, G.
Viana 765 (ASE, HURB); loc. cit., fl., 6 May 1986, G. Viana 1456 (ASE); Porto da
Folha, povoado Lagoa do Rancho, fl., fr., 20 Jul 2006, E. Cérdula et al. 115 (HUEES,
UEP); loc. cit., Fazenda Sao Pedro, fl., 19 Apr 2011, D.G. Oliveira 150 (ASE, MAC);
loc. cit., fl,, fr., 6 Aug 2012, A.P. Prata at al. 3212 (ASE); loc. cit, fl, fr., 5 Aug 2014,
L.A.S. Santos 1158 (ASE, RB). Without state: s.loc., fl., M.A. Glaziou 14362 (P, US).

Distribution and habitat. 7radescantia ambigua is endemic to Northeastern Bra-
zil (states of Alagoas, Bahia, Ceard, Paraiba, Pernambuco, Piaui, Rio Grande do Norte,
and Sergipe), also reaching the states of Goids and Minas Gerais. It grows in moist and
shady areas, between shrubs and patchy forests in the Caatinga and Cerrado domains
(Fig. 8).

Phenology. It was found in bloom and fruit from January to August.

Conservation status. 77adescantia ambigua possessesawide EOO (ca. 1,057,693.924
km?), and following the [IUCN recommendations IUCN 2001), it should be considered
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Least Concern (LC). However, when taking the AOO into consideration, it is consider-
ably reduced (ca. 216.000 km?). Furthermore, The Caatinga and Cerrado domains are
greatly threatened by human activities such as deforestation, cattle breeding, and various
crops. Thus, following the TIUCN (2001) recommendations, 7. ambigua should be con-
sidered Endangered [EN, A2c+B2ab(ii, iii, iv, v)+C2a(i)].

Nomenclatural notes. When describing 7 ambigua, Schultes and Schultes (1830)
mention that their new species is based on a Martius specimen from the Province of
Bahia, but with no reference to herbaria or collector number. While consulting M we
came across a specimen (Martius 140) matching perfectly the protologue, and anno-
tated in Martius’s handwriting. Thus, it is here designated as the lectotype.

When describing 7. ambigua var. glabriuscula, Clarke (1881) only lists the collec-
tion Gardner 2334. However, Clarke makes no reference to the herbaria in which this
specimen might be distributed. After analyzing several collections, we found specimens of
Gardner 2334 at BM and K. According to Stafleu and Cowan (1976), Clarke had access
to both collections, and many of the type specimens for names described by him were
commonly from either of the two herbaria. The specimen at K is composed of a much
longer stem, containing a greater number of leaves, inflorescences and flowers. Added to
that, it is annotated on Clarke’s handwriting, making it the obvious choice for a lectotype.

Morphological notes. Tradescantia ambigua, as most species in 7. sect. Mando-
nia, presents a high degree of morphological variation. The plants vary greatly in size,
branching of the stem, shape of the leaves, pubescence of the leaves, pubescence of the
pedicels and sepals, and shape and color of the petals. Nonetheless, this variation has
no obvious geographical pattern and seems rather random across its distribution range.
Thus, don’t recognize any infraspecific taxa for 7. ambigua.

Tradescantia boliviana (Hassk.) J.R.Grant, Novon 14(3): 299. 2004.
Figs 6, 8

Skofitzia boliviana (Hassk.) Hassk. & Kanitz, Oesterr. Bot. Z. 22: 147. 1872.

Mandonia boliviana Hassk., Flora 54: 260. 1871. Lectotype (designated by Grant
2004). BOLIVIA. Larecaja: viciniis Sorata montis colles Ullontigi ad scopulorum-
ra dicemi n regionet emperata, fl., fr., Feb—Apr 1858, G. Mandon 1239 (L barcode
L0374955!; isolectotypes: F barcode F0076407F!, G barcode G00489633!, GH
n.v., K n.v., P 3ex barcodes P00376711!, P00376712!, P00376713!).

Tradescantia ambigua var. pilosula Hoehne, Relat. Commiss. Linhas. Telegr. Estrateg.
Matto Grosso Amazonas 5, 5: 14. 1915. Lectotype (designated here). BRAZIL.
Mato Grosso do Sul: Corumbd, fl., Feb 1911, EC. Hoehne 4499 (R barcode
R000004848!). Syn. nov.

Diagnosis. Herbs perennial, with a definite base, terrestrial to rupicolous. Roots thick,
tuberous, brown to dark-brown, densely to sparsely pilose with brown to dark-brown
hairs, emerging from the rhizome and from the basal most nodes. Stems erect, succulent,
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Figure 6. Tradescantia boliviana (Hassk.) J.R.Grant. A detail of the tuberous roots B habit € detail of
fertile branch, showing the conduplicate leaf-blades, and axillary inflorescences D front view of a flower at
anthesis, showing the rectangular connectives and C-shaped anther sacs E detail of an immature capsule,
showing the densely glandular-pubescent pedicel and sepals, and the capsule apically velutine. Photograph
A-B & D by P. Christian (RarePlants.co.uk), C & E by Instituto Darwinion.

unbranched, rarely branched near the base; internodes green to vinaceous to reddish
brown, sometimes with vinaceous striations, densely velutine, sometimes becoming gla-
brous at age, hairs hyaline to light brown. Leaves spirally-alternate, evenly distributed
along the stems, sessile, the apical ones gradually smaller than the basal ones; sheaths
green, densely velutine, hairs hyaline to light brown, margins ciliate, hairs hyaline to light
brown; lamina succulent conduplicate, medium to dark green adaxially, light to medium
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green abaxially, narrowly lanceolate to lanceolate, rarely ovate, adaxially sparsely velutine,
sometimes becoming glabrous at age, abaxially densely velutine, hairs light brown, base
truncate to rounded, margins vinaceous to reddish brown, ciliate, apex acute; midvein
conspicuous, impressed adaxially, prominently obtuse abaxially, secondary veins incon-
spicuous to slightly conspicuous on both sides. Inflorescences (main florescences) consisting
of a sessile double-cincinni fused back to back, axillary in the uppermost nodes; pedun-
cles inconspicuous; basal bract inconspicuous, tubular, hyaline, glabrous; peduncle bracts
absent; supernumerary bracts sometimes present, 1-3 per inflorescence, similar in shape
and size to the cincinni bracts; cincinni bracts reduced, light green, hispid, base non-sac-
cate; cincinni (4-)8-22-flowered; bracteoles inconspicuous, imbricate, linear-triangular
to triangular, hyaline. Flowers bisexual, actinomorphic, flat (not forming a floral tube);
floral buds narrowly ovoid, dark pink to vinaceous; pedicels dark pink to vinaceous,
densely glandular-pubescent, hairs light brown; sepals 3, equal, ovate, cucullate, dorsally
not keeled, dark pink to vinaceous, rarely green, densely glandular-pubescent, hairs light
brown, apex acute, margins hyaline light-green, persistent in fruit; petals 3, equal, sessile,
broadly ovate, medium to dark pink to mauve, rarely white or light pink to lilac, base
cuneate, margins entire, apex acute; stamens 6, equal, filaments light medium to dark
pink to mauve, medially bearded with moniliform, medium to dark pink to mauve hairs,
straight at anthesis, coiling at post anthesis, connective expanded, quadrangular, yellow
to orange, anthers sacs curved, yellow, pollen yellow; ovary oblongoid, 3-loculate, white,
smooth, velutine at apex, style straight, medium to dark pink, stigma capitulate, white to
light pink, pistil longer than the stamens. Capsules broadly oblongoid, apiculate due to
persistent style apex, green when immature, brown when mature, sparsely velutine at the
apex, smooth, 3-valved. Seeds uniseriate, 2 per locule, ellipsoid to broadly ellipsoid, not
cleft towards the embryotega, ventrally flattened, testa grey to greyish brown, farinose,
scrobiculate arranged in ridges radiating from the embryotega; embryotega dorsal, con-
spicuous, with a prominent apicule; hilum linear, as long as the seed.

Specimens seen. BRAZIL. Mato Grosso do Sul: Campo Grande, Empraba Gado
de Corte, fl., fr., 28 Feb 2009, V.]. Pott 10452 (CGMS, HURB); Corumbd4, fl., Feb
1911, F.C. Hoehne 4723 (R); loc. cit., Mineragio Corumbaense Reunida SA, paredio
préximo ao paiol de esplosivos, fl., fr., 23 Feb 2005, G.A. Damasceno-Junior et al.
3488 (COR, K); loc. cit., Serra Urucum, fl., fr., 24 Feb 2005, A. Pott et al. 12655
(CGMS, HMS); loc. cit, Fazenda Banda Alta, fl., 11 Jan 2007, A. Takahasi & S.M.
Ribas 1175 (COR); Lad4rio, Fazenda Sao Sebastiao do Carand4, 1., fr., 13 Mar 2003,
G.A. Damasceno-Junior et al. 2773 (COR); Nioaque, Assentamento Andalucia, fl., 6
Dec 2008, L.C.S. Magalhies & G.A. Damasceno-Jtnior 138 (CGMS, HURB); loc.
cit., fl,, fr., 9 Jan 2009, L.C.S. Magalhaes & T.S. Amaral 194 (CGMS, HURB); loc.
cit., fl,, fr., 9 Jan 2009, L.C.S. Magalhies & T.S. Amaral 195 (CGMS); loc. cit., fl.,
fr., 8 Feb 2009, L.C.S. Magalhies & T.S. Yule 278 (CGMS).

Distribution and habitat. T7adescantia boliviana restricted to Argentina, Bolivia,
Paraguay, Peru, and Brazil (state of Mato Grosso do Sul). It commonly grows as rupi-
colous in rocky walls and outcrops, under full sunlight, in the Chaco and Pantanal
domains (Fig. 8).
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Phenology. It was found in bloom and in fruit from December to June.

Conservation status. 7radescantia boliviana possesses a wide EOO (ca.
2,249,457.700 km?), and based solely on this criterion it should be considered Least
Concern (LC). Nonetheless, its AOO is considerably reduced (ca. 172.000 km?), add-
ed to that fact that most of the studied specimens are at least more than 20 years old.
Thus, following the IUCN (2001) recommendations, 7. boliviana should be consid-
ered Endangered [EN, A2bcd+B2ab(ii, iii, iv, v)+C1+C2a(i)].

Nomenclatural notes. In the protologue of 7. ambigua var. pilosula, Hoehne
(1915) mentions two collections of his own when describing this new variety. The
author makes no reference as to the herbarium in which each specimen is placed or to
the existence of possible duplicates. According to Stafleu and Cowan (1979), Hoehne’s
types are generally at SP with duplicates in several other herbaria. However, after two
visits to the SP we were unable to locate any of the specimens (Hoehne 4499, 4723).
Nonetheless, Stafleu and Cowan (1979) make an important remark that until 1917,
Hoehne was living and working in Rio de Janeiro. After analyzing the collection of R,
we came across both specimens placed in the general collection. Both specimens were
annotated by Hoehne, but the specimen Hoehne 4499 possesses a beautiful illustra-
tion attached to it, showing the details of the plants’ floral morphology. Thus, it is
designated by us as the lectotype for 7" ambigua var. pilosula.

Morphological notes. Tradescantia boliviana is a morphologically variable species
across its distribution. Nonetheless, in the same way as 7. ambigua, there is no obvious
geographical pattern in this variation. The presence of glandular hairs in the pedicels
and sepals can be observed in some of the individuals, but aside from that they don’t
seem to differ in any other aspect from the other specimens. This variation is peculiar,
but not unrecorded in the genus, and a similar scenario is described by Pellegrini
(2015, 2016) for 7. cerinthoides (1. sect. Austrotradescantia) and by Faden (1993) for
T crassifolia (T sect. Mandonia).

After analyzing the type specimens for 7. ambigua var. pilosula, we noticed that the
pedicels and sepals are hispid, the connectives are quadrangular, and the ovary velutine
to sparsely velutine at apex. Added to that, the distribution of the specimens collected
by Hoehne is congruent with the distribution of 7. boliviana, but disjunctive from 7.
ambigua. Thus, we consider 7. ambigua var. pilosula a synonym of 7. boliviana.

Tradescantia sect. Zebrina (Schnizl.) D.R.Hunt, Kew Bull. 41(2): 404. 1986.
Fig. 7

Diagnosis. The section is characterized by perennial herbs, with thin fibrous roots,
definite or indefinite base, without rhizomes, leaves with symmetric to asymmetric
base, inflorescences terminal or axillary, pedunculate, cincinni bracts spathaceous,
bracteoles conspicuous and linear, flowers tubular, sepals unequal, basely to com-
pletely conate, keeled or not, petals free or conate, long-clawed, stamens 6 and sub-
equal, epipetalous, filaments straight at post anthesis, medially sparsely bearded with
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Figure 7. Tradescantia zebrina Heynh. ex Bosse. A habit B detail of a branch, showing the subpetiolate
basal leaves, and blades with silver stripes € detail of the abaxial side of the leaf-blade D detail of the stem and

leaf-sheath E detail of the terminal inflorescence, showing the spathaceous, saccate, unequal, conduplicate

cincinni bracts, and long-tubular flowers with clawed petals F flowers. Photographs by M.O.O. Pellegrini.

moniliform hairs, connectives sagittate to linearly-tapered, anther sacs round, ovary
glabrous, stigma capitate, seeds rugose, embryotega inconspicuous and semilateral
(Hunt 1986; Pellegrini 2015).
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Figure 8. Distribution map of studied 77adescantia L. in the South American domains. Full squares— 7.
crassula; White squares— 7. chrysophylla; Triangles— T. valida; Circles— 1. ambigua; Stars— 1. boliviana.
Light green— Amazon Forest; Orange— Cerrado; Red— Caatinga; Yellow— Chaco and Pantanal; Olive-
green— Pampa; Dark green— Atlantic Forest; Purple— Andean Yungas.

Comments. Tradescantia sect. Zebrina is a small group, composed of ca. five
species, ranging from Mexico to Venezuela. Tradescantia zebrina Heynh. ex Bosse is
widely cultivated worldwide, and occurs in Brazil as an invasive species (Hunt 1986;
Pellegrini 2017). As aforementioned, the section is small but morphologically diverse,
being poorly differentiated from 7. sect. Campelia and T. sect. Corinna. As stated by
Hunt (1986), these three sections seem to blur into one another, with several species
being originally assigned to one group and subsequently transferred to another.
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Conclusion

Tradescantia, like many other genera in Commelinaceae, is a taxonomically complicat-
ed and morphologically diverse genus. In order to safely propose taxonomic novelties,
it is necessary to possesses a broader knowledge on the group, especially regarding the
morphological plasticity within each species. This can only be achieved with extensive
field and herbaria research, complemented with the cultivation and observation of
some individuals. Many recent studies of Brazilian Commelinaceae have been narrowly
focused, and proposed new species and several typifications (Funez et al. 2016; Hasse-
mer et al. 2016a, 2016b; Hassemer 2017). As demonstrated by us in the present work,
this can lead to the unnecessary description of new names, causing the inflation of ac-
cepted species and their conservation assessments. Perhaps the most unfortunate result
of such studies is the potential for incorrect typification and application of names (e.g.
Funez et al. 2016; Hassemer et al. 2016b; Hassemer 2017). Thus, we strongly suggest
that future typifications and descriptions of new taxa in Commelinaceae be carried out
as part of a broader and more detailed taxonomic framework.
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Abstract

Seven nomenclatural novelties in Penstemon (Plantaginaceae) are proposed for taxa that will be included
in the forthcoming treatment of the genus in the Flora of North America North of Mexico series. Three
additional novelties are made for Mexican taxa outside the flora area. Pensteron xylus A. Nelson is deter-
mined to be the correct name for the species heretofore called P tusharensis N. Holmgren.

Keywords
Penstemon, Plantaginaceae

Introduction

Field and herbarium studies of the genus Penstemon Schmidel (Plantaginaceae) for a
treatment in the forthcoming Volume 17 of the Flora of North America North of Mexico
(FNA) (Freeman in prep.) necessitate some nomenclatural changes for consistency in
infraspecific rank, following FNA editorial guidelines. Three additional changes are made
affecting two species that occur entirely in Mexico. Nomenclatural notes accompany
some of the changes.

Copyright Craig C. Freeman. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Methods

Information about type specimens is based on protologues, major online nomenclatu-
ral indices (Tropicos - http://www.tropicos.org/; The International Plant Names In-
dex - http://www.ipni.org/; JSTOR Global Plants — https://plants.jstor.org), herbar-
ium specimens, and websites of individual herbaria (BR [http://www.botanicgarden.
be/], CAS [http://www.calacademy.org/scientists/botany-collections], CM [http://
www.carnegiemnh.org/botany/collection.html], F [https://www.fieldmuseum.org/
node/5196], GH [http://huh.harvard.edu/pages/digital-resources], JE [http://herbari-
um.univie.ac.at/database/search.php], K [http://apps.kew.org/herbcat/navigator.do?_
ga=1.106533571.1517483332.14897 82412], MICH [http://quod.lib.umich.edu/cgi/i/
image/image- idx?xc=1;page=searchgroup;g=herb-ic], MIN [http://bellatlas.umn.edu/
collections/index.php], MO [http://www.tropicos.org/], NY [http://sweetgum.nybg.org/
science/vh/], RM  [http://rmh.uwyo.edu/data/search.php], S [http://herbarium.nrm.se/
search/specimens/], US [http://collections.nmnh.si.edu/search/botany/?ti=3]). Herbarium
abbreviations follow Index Herbariorum (Thiers 2016, continuously updated, htep://sweet-
gum.nybg.org/science/ih/). A digital image was examined for each specimen for which a
barcode number is given in the type citation, followed by the source. Specimens examined
for which no online digjtal images are available are not accompanied by barcode numbers.

Nomenclatural novelties

Penstemon cardinalis var. regalis (A.Nelson) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162263-1

Basionym. Penstemon regalis A.Nelson, Amer. J. Bot. 21: 578-579. 1934; Penstemon
cardinalis subsp. regalis (A.Nelson) G.T. Nisbet & R.C. Jacks.

Type. USA. NEW MEXICO: near Carlsbad Cavern, Jun 1930, G. Convis 75
(holotype: RM, RM0004319 [JSTOR image]).

In the protologue, Nelson (1934) stated that the type was collected in May 1930.
The date on the type specimen is June 1930.

Penstemon crandallii var. procumbens (Greene) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162264-1

Basionym. Penstemon procumbem Greene, Pl. Baker. 3: 23-24. 1901; Penstemon cran-
dallii subsp. procumbens (Greene) D.D. Keck.

Type. USA. COLORADO: Keblar Pass, in large mats on bare banks, 7 Aug 1901,
C.F. Baker 733 (holotype: NDG, NDG45968 [JSTOR image]; isotypes: ARIZ,
ARIZ-BOT-0005070 [JSTOR image], CAS, CAS0006571 [CAS website image],
GH, GH00091383 [GH website image], JE, JE00002724 [JE website image], K,
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K000979692 [K website image], MO, MO-2217162 [MO website image], NY,
NY00130478 [NY website image], RM, RM0004309 [JSTOR image], RM0004310
[JSTOR image], RSA, RSA0006207 [JSTOR image]), US, US00122356, [US website
image], US011177691 [US website image]; probable isotypes: PH, PH00018550
[JSTOR image], RSA, RSA0006208 [JSTOR image]).

Label data on PH00018550 indicate the specimen was collected by Baker in 1900.
Francis W. Pennell annotated the specimen as a probable isotype of Baker 733; David
D. Keck annotated it as an isotype.

Penstemon crandallii var. ramaleyi (A.Nelson) C.C.Freeman, comb. & stat. nov.
urn:lsid:ipni.org:names:77162265-1

Basionym: Penstemon ramaleyi A. Nelson, Univ. Wyoming Publ. 3: 106. 1937.

Type. USA. COLORADO. Saguache Co.: Villa Grove, 3 mi W, 9 Jul 1935; F. Ra-
maley & K.R. Johnson 15116 (holotype: RM, RM0004316 [JSTOR image]; isotypes:
COLO, COLO00396432 [JSTOR image], K, K000979786 [K website image], MO).

Penstemon eatonii var. exsertus (A.Nelson) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162266-1

Basionym. Penstemon exsertus A. Nelson, Amer. J. Bot. 18: 438. 1931; Penstemon
eatonii subsp. exsertus (A. Nelson) D.D. Keck.

Type. USA. ARIZONA: In Salt River Canyon, on the Apache Trail, 4 May 1925,
A. Nelson 10624 (holotype: RM, RM0004214 [JSTOR image]).

Penstemon linarioides var. coloradoensis (A.Nelson) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162267-1

Basionym. Penstemon coloradoensis A. Nelson, Bull. Torrey Bot. Club 26: 355. 1899;
Penstemon linarioides subsp. coloradoensis (A. Nelson) D.D. Keck.

Type. USA. COLORADO: Mancos, common on sage plains and foothills throughout
the La Platas, 23 Jun 1898, C.F. Baker, F.S. Earle, and S.M. Tracy 70 (lectotype: RM,
RM0004187 [JSTOR image]; isolectotypes: CAS, CAS0006620 [CAS website image], F,
F0072589F [JSTOR image], GH, GH00091215 [GH website image], K, K000979702
[K website image], KSC , MICH, MICH1108038 [MICH website image], MO, MO-
100230852 , NDG, NDG45904 [JSTOR image], NEB, NEB-v-0000619 [JSTOR
image], NY, NY00091049 [NY website image], OS, OS0000264 [JSTOR image],
RM, RM0004188 [JSTOR image], RSA, RSA0006119 [JSTOR image], RSA0006120
[JSTOR image], US, US00122246 [US website image]; probable isolectotype: NDG,
NDG45695 [JSTOR image]).
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In describing Penstemon coloradoensis, Nelson (1899) stated “I have before me speci-
mens from two collections made near Mancos, Colo., by Messrs. Baker, Earle, and Tracy, 1898
and distributed as P. caespitosus Nuzt. Also from two collections by Professor Crandall, from
Hotchkiss, Colo., 1892, and from Durango, 1898, both distributed as P. linarioides Sileri
Gray.” Nelson (1899) did not designate a holotype; the collections he cited are syntypes.
Keck (1937) designated C.F. Baker, F.S. Earle, and S.M. Tracy 70 (RM) as the lectotype,
of which there currently are two sheets, suggesting a second-step lectotypification might
be necessary. Accession labels on the two sheets indicate they were received from the her-
baria of F.S. Earle in 1899 (RM0004187; accession number 13703) and George E. Oster-
hout in 1938 (RM0004188; accession number 165282), subsequent to Keck’s lectotype
designation. RM0004187 bears annotations by A. Nelson (Penstemon coloradoensis A. N.
n. sp., without date), F.W. Pennell (P. coloradoensis, type, 1916), and D.D. Keck (2. lin-
arioides A. Gray subsp. coloradoensis (A. Nelson) D.D. Keck, type, 1936). RM0004188,
the later accession, was not annotated by Nelson, Pennell, or Keck. Whether Nelson had
another sheet at RM that was lost, destroyed, or sent elsewhere, or had access to a sheet
from some other herbarium, is not known. Of the two sheets currently at RM, only
RM0004187 appears to have been there when Nelson described P. coloradoensis and later
seen by Keck when he lectotypified the name. RM0004187 is taken as the lectotype,
RM004188 is taken as an isolectotype, and no second-step lectotypification is needed. As
an aside, the sheet at KSC is P. crandallii A. Nelson var. crandallii.

Penstemon miniatus var. apateticus (Straw) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162268-1

Basionym. Penstemon apateticus Straw, Bol. Soc. Bot. México 24: 42—43. 1959; Pen-
stemon miniatus subsp. apateticus (Straw) Straw.

Type. MEXICO. DISTRITO FEDERAL: Serrania de Ajusco, 10000 ft, Aug-
Sep 1896, C.G. Pringle 6463 (holotype: CAS, CAS0003847 [JSTOR image]; iso-
types: BR, BR0000008418234 [BR website image], CM, CM2018 [CM website im-
age|, F, F0072654F [F website image], GH, GH00091520 [GH website image], JE,
JE00000356 [JE website image], MIN1001915 [MIN website image ; this specimen
bears a second barcode, 189693, at the top of the sheet], MO, MO-155225 [MO
website image], NDG, NDG45615 [JSTOR image], NY, NY00130560 [NY web-
site image], PH, PH00020963 [JSTOR image], S, S10-20448 [S website image], US,
US00122215 [US website image]).

Penstemon miniatus var. townsendianus (Straw) C.C.Freeman, comb. & stat. nov.
urn:lsid:ipni.org:names:77162269-1

Basionym. Penstemon apateticus subsp. townsendianus Straw, Bol. Soc. Bot. México

24: 44. 1959.
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Type. MEXICO. CHIHUAHUA: collected in the Sierra Madres near Colonia
Garcia, altitude 8000 ft, 1 Aug 1899, C.H.T. Townsend & C.M. Barber 211 (holo-
type: US, US00122217 [US website image]; isotypes: A, A00091591 [GH website
image], F, F0072655F [F website image], GH, GH00091522 [GH website image],
MO, MO-155224 [MO website image], NDG, NDG45616 [JSTOR image], NY,
NY00130562 [NY website image], US, US01100658 [US website image]; probable
isotype: NY, NY00130561 [NY website image]).

Straw (1959) designated US sheet number 568154 (=US00122217) as the holo-
type. He cited a second specimen at US as an isotype; that specimen is US sheet num-
ber 347089 (=US01100658). The label on NY00130561 does not bear the collector’s
name or number; it was collected 5 mi SE of Colonia Garcia at an altitude of 7500 ft.
Straw annotated the specimen as being Townsend and Barber 211.

Penstemon pseudospectabilis var. connatifolius (A.Nelson) C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162270-1

Basionym. Penstemon connatifolius A. Nelson, Amer. J. Bot. 18: 437-438. 1931; Pen-
stemon pseudospectabilis subsp. connatifolius (A. Nelson) D.D. Keck.

Type. USA. ARIZONA: Steep banks, Apache Trail, 3 May 1925, A. Nelson 10314
(holotype: RM, RM0004190 [JSTOR image]; isotypes: NO, NO0109834 [JSTOR im-
age], NY NY00091052 [NY website image], RSA, RSA0006126 [JSTOR image]).

Penstemon spectabilis var. subinteger C.C.Freeman, stat. nov.
urn:lsid:ipni.org:names:77162271-1

Basionym. Penstemon spectabilis subsp. subinteger D.D. Keck, Amer. Midl. Naturalist
18: 817-818. 1937.

Type. MEXICO. BAJA CALIFORNIA: Santa Maria Plains, 15 mi S of Hamilton
Ranch, plants 2-3 ft high, corolla bluish at lips, throat and tube with less blue than red, 8 Apr
1931, L.W. Wiggins 5207 (holotype: CAS, CAS003886 [CAS website image]; isotypes: CAS,
CAS0003887 [CAS website image], F, FO072666F [F website image], GH, GH0091585
[GH website image], K, K000528837 [K website image], MICH, MICH1108051 [MICH
website image], MO, MO-155229 [MO website image], NY, NY00130580 [NY web-
site image], NY00130581 [NY website image], PH, PH00018576 [JSTOR image], RM,
RMO0004355 [RM website image], US, US00122381 [US website image]).

Penstemon secundiflorus var. versicolor (Pennell) C.C.Freeman, comb. & stat. nov.
urn:lsid:ipni.org:names:77162272-1

Basionym. Penstemon versicolor Pennell, Contr. U.S. Natl. Herb. 20: 358-359. 1920.
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Type. USA. Colorado. Pueblo Co.: clayey loam, mesa NE of Pueblo, ca 4700 ft, 5 Jun
1915, F. W. Pennell 5732 (holotype: NY, NY00029690 [NY website image]; isotypes:
COLO, COLO00396481 [JSTOR image], US, US00122397 [US website image]).

Nomenclatural note

Penstemon xylus A. Nelson, Bot. Gaz. 31-32. 1902.

Penstemon caespitosus var. suffruticosus A. Gray in A. Gray et al., Syn. Fl. N. Amer. 2:
270. 1878 (non Penstemon suffruticosus Douglas ex Benth.); Penstemon tusharensis
N.H. Holmgren, Brittonia 31: 106. 1979, nom. illeg.

Type. USA. Utah. Beaver, 1877, Palmer s.n. (holotype: GH, GH00091198 [GH
website image)]; probable isotype: ISC, ISC-v-0000867 [JSTOR image].

The correct name for this taxon at the rank of species has been the source of
confusion. With the earlier name Penstemon suffruticosus Douglas ex Benth. blocking
transfer of A. Gray’s varietal epithet suffruticosus at the rank of species, Rydberg (1901)
published P. suffrutescens in an attempt to provide a substitute. However, in doing so,
he flagged P. suffrutescens as a new species (sp. nov.). He also provided a brief diagnosis
and cited a specimen (USA. Colorado. Ridgway, woods, altitude 7500 ft, 20 Jun 1895,
E. Tweedy 170; holotype: NY, NY00130526 [NY website image]) different from that
of Gray’s type for P. caespitosus var. suffruticosus. Rydberg’s name must be considered a
validly published species name—not an avowed substitute for Gray’s name. As noted
by Holmgren (1979), the specimen cited by Rydberg is referable to P. crandallii, where
P. suffrutescens must be placed as a synonym.

Nelson (1902) published Penstemon xylus and clearly stated it was a new name
(nom. nov.) for Gray’s P. caespitosus var. suffruticosus. Nelson cited a specimen (USA.
Colorado. Sapinero, 1898, H.N. Wheeler 446 [COLO, COLO00396499 [JSTOR
image], NY, NY00130556 [NY website image], RM, RM0004372 [JSTOR image])
that he believed was referable to A. Gray’s concept of P. caespitosus var. suffruticosus.
However, it too is referable to P. crandallii. Holmgren (1979), believing that neither
Rydberg’s nor Nelson’s name could be applied to Gray’s P. caespitosus var. suffruti-
cosus because of the specimens cited by each author, published P. rusharensis as an
avowed substitute. In spite of Nelson having cited a specimen that is not referable
to P. caespitosus var. suffruticosus, P. xylus must stand as the avowed substitute for
P. caespitosus var. suffruticosus at the rank of species, making P. tusharensis illegitimate
and superfluous.
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Abstract

Selaginella guihaia sp. nov. (Selaginellaceae), a new species of spikemoss from southern China and north-
ern Vietnam around the Gulf of Tonkin (Beibu Gulf), is described and illustrated. Morphological and
molecular comparisons of the new species with other similar species (S. doederleinii, S. ornata and S. tra-
chyphylla) are provided. The morphological and molecular evidence clearly indicates S. guihaia is a distinct
species. Morphologically S. guihaia differs from other species by its obviously white-margined leaves, the
ventral leaves scabrous on upper surfaces throughout the basiscopic or also rarely present on upper halves,
and the ovate axillary leaves.

Keywords
Lycopodiophyta, lycophytes, taxonomy, new species, r6cL, ITS

Introduction

Selaginella P. Beauv. (Selaginellaceae) is the largest lycophyte genus with about 700-800
species and distributed in all the continents except Antarctica (Jermy 1990; Tryon and
Lugardon 1991; Zhang 2004; Zhang et al. 2013; Zhou and Zhang 2015; Zhou et al.
2016; Weststrand and Korall 2016a, b; PPG I 2016). However, the highest species di-
versity occurs in the tropics and subtropics. The genus is characterized by the presence

* These authors contributed equally to this work and should be considered co-first authors.
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of rhizophores, single veined leaves with ligule, sporangia borne axillary on the upper
surface of sporophylls and bearing two types of spores (heterospory) (Webster 1992).
Among several herbaria collections of Selaginella doederleinii Hieron., we found that
the leaves of some specimens are obvious white—margined with ventral leaves that are
often scabrous on the upper surface. We also observed and collected similar plants in
the field. These turned out to be a rather common and widely distributed undescribed
species in the mountainous areas of southern China (Guangxi and Hainan) and North
Vietnam around the Gulf of Tonkin (Beibu Gulf). With evidences from morphologi-
cal characters and molecular analysis, we described these plants as a new species herein.

Materials and methods

Morphology characters were examined from the dried herbarium specimens studied
from PE (herbaria acronyms according to Thiers 2016). All the characters were ex-
amined under stereomicroscope using NIS-Elements D 3.10 imaging software from
Nikon Instruments (http://www.nikoninstruments.com). Voucher specimens (see Ap-
pendix 1) are deposited at PE.

We downloaded 60 sequences ITS and rbcL from Genbank representing 32 spe-
cies in Selaginella and those species involves the major clades of the phylogenetic analy-
sis of Selaginella (Zhou et al. 2016). In this study, we newly sequenced four species,
including two samples of the possible new taxon and four samples of its putative rela-
tives, S. ornata (Hook. & Grev.) Spring, S. doederleinii Hieron. and S. trachyphylla A.
Braun. Total genomic DNA was isolated from silica—dried material using the Plant
Genomic DNA Kit (Tiangen Biotech, Beijing, China) following the manufacturer’s
protocols. One plastid region r6cL and one nuclear region I'TS were amplified for the
possible new taxon and its putative closely related taxa. The rbcL region was amplified
with newly designed primers r6cL 192F (5> CACGTGGACTACCGTTTGGA3’) and
1324R (TACCCTCAAGAGCGGGATCAZ’). The primers were designed in Primer
3.0 (Untergasser et al. 2012) using the published chloroplast genomes of Selaginella
moellendorffii Hieron. (Smith 2009) and S. uncinata (Desv.) Spring (Tsuji et al. 2007).
The PCR protocol of 76cL region followed Zhou et al. (2016). The ITS region was am-
plified using the primers and PCR protocol described in Arrigo et al. (2013). All PCR
products were directly sequenced using ABI 3730XL analyzer (Applied Biosystems,
Foster City, California, USA). Newly obtained sequences were assembled with Con-
tigExpress and then aligned with the downloaded sequences using Clustal X v.1.83
(Thompson et al. 1997) followed by manual adjustment in BioEdit v.7.1.11(Hall
1999). The full length of the ITS region were sequenced but only 5.8S and part of
ITS2 region were used because of a large number of insertions and deletions in ITS1
and ITS2 (Zhou et al. 2016); the ambiguous regions were excluded prior to analy-
sis as previously done in similar studies (Arrigo et al. 2013; Zhou et al. 2016). ILD
(Incongruence Length Difference) test (Farris et al. 1995) was performed on PAUP*
v.4.0b10 (Swofford 2002) to test if there is conflict between nuclear and chloroplast
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genes. The combined dataset (r6cL and ITS) were analyzed with the maximum par-
simony (MP), maximum likelihood (ML) and Bayesian inference (BI) methods. MP
analyses were carried out using PAUP* v.4.0b10 (Swofford 2002). All characters were
weighted equally and gaps were treated as missing data. The most parsimonious trees
were obtained with heuristic searches of 1000 replicates random stepwise sequence
addition(RAS), with tree bisection—reconnection (TBR) branch swapping, and 10
trees from each random sequence addition were saved were used to obtain the most
parsimonious trees. MP bootstrap values (MP,) were calculated with 1000 replicates.
jModelTest 0.1.1 (Posada 2008) was used to select the appropriate substitution mod-
el for ML and BI analyses. The ML analyses were conducted using the web server
RAXxML-HPC2 on XSEDE (Stamatakis 2014), and ML bootstrap values (ML) were
calculated applying 1000 bootstrap replicates with the GTRCAT substitution model.
Bayesian analyses and posterior probability (BI,,) calculation were conducted in Mr-
Bayes 3.2.6 (Ronquist et al. 2012) implemented on the CIPRES Science Gateway
Portal (Miller et al. 2010). Four Markov chain Monte Carlo chains were run, each
beginning with a random tree and sampling one tree every 1000 generations of 10 000
000 generations. After checking all the ESS>200 in Tracer v1.5 (Rambaut et al. 2009),
the first 25% of samples were discarded as burn—in, and the remaining trees were used
to calculate a 50% majority—rule consensus topology and posterior probability values.

Results

The ILD test results showed no obvious conflict existing between the two datasets,
rbcl and ITS (P =0.02). Thus, the datasets were combined. The combined data matrix
included up to 1460 nucleotides for each of the 36 taxa with 845 constant characters,
512 parsimony informative characters, consistency index (CI) = 0.56, retention index
(RI) = 0.79. The three phylogenetic analyses (MP, ML, BI) inferred congruent topolo-
gies. The Best ML tree is presented in Figure 1.

The molecular evidence showed that two samples of Selaginella guihaia were
grouped together with strong support (BS =99, PP =0.99), and then formed a moder-
ately supported clade with S. doederleinii and S. commutata Alderw.

Our phylogenetic analyses and morphological evidence reveal that the possible new
taxon Selaginella guihaia is different from the morphologically similar species S. doederlei-
nii, S. ornata and S. trachyphylla that co-occur in the same region. The overall morphol-
ogy and the growth habit of S. guihaia resemble those of S. ornata, however, the former
has monomorphic (vs. dimorphic) sporophylls. Furthermore, consistent with the spo-
rophylls variations, S. guihaia and S. ornata were separately placed into two large clades
in the molecular phylogenetic tree. Although S. doederleinii and S. trachyphylla were
placed closely with S. guihaia in the molecular phylogenetic analysis, the distinct white-
margined leaves of S. guihaia is different from both these species. The ventral leaves of .
guihaia are scabrous near the lower part of leaf epidermis but rarely on the upper part,
whereas hte ventral leaves of S. trachyphylla are scabrous throughout the leaf epidermis.
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Figure 1. The 50% majority rule consensus tree derived from maximum likelihood showing the position

of Selaginella guihaia. Support values (MP

ML, > 50%, B

BS’

I

»p > 0.8) are shown above the main braches;

the dash (-) indicates BS < 50%. The new species is shown in bold.

Taxonomic treatment

Selaginella guihaia X.C.Zhang, sp. nov.
urn:lsid:ipni.org:names:60474541-2

Figs 2, 3, 4

Diagnosis. The new species is similar to S. doederleinii, S. ornata and S. trachyphylla in
the habit and the morphology of dorsal leaves, ventral leaves, axillary leaves and spo-
rophylls. However, S. guihaia can be easily recognized by its obvious white—margined
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tion 0980, PE).

Figure 2. Selaginella guihaia X.C.Zhang A Habit B Dorsal leaf € Ventral leaf D Part of main stem
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leaves. The white-margin is about three cells wide in S. guihaia, but it is only one cell
wide in S. doederleinii, S. ornata, and S. trachyphylla.

Type. CHINA, Guangxi: Pingxiang, Mt. Dagingshan, alt. 600m, 27 Aug 1986,
Beijing Youth Expedition 0980 (Holotype: PE![No. 1365103]) (Figure 3).

Description. 7Terrestrial. Evergreen, suberect or ascending from decumbent
base, 20-50 cm. Rhizophores branched from base to middle of main stem. Main
stems pinnately branched from lower part upward, stramineous, 1.5-2 mm in diam.
in lower part, oval or subquadrangular, glabrous; primary leafy branches 3—10 pairs,
2 or 3 pinnately branched, secondary branches once pinnately branched, tertiary
branches forked, branchlets sparse, adjacent primary branches on main stem 1-6
cm apart, leafy portion of main stem including leaves 0.8-1.8 mm wide at mid-
dle, ultimate branches 3-6 mm wide including leaves. Axillary leaves on branches
symmetrical, ovate, 0.9-1.7 x 1.7-3.7 mm, bases exauriculate, margins denticulate,
obviously white—margined. Dorsal leaves on branches imbricate, ovate, 0.9-2.3 x
0.3-0.9 mm, carinate, base cuneate or obliquely subcordate, margins denticulate,
obviously white-margined, apices acuminate to aristate, parallel to axis. Ventral
leaves on branches contiguous or overlapping, slightly ascending, oblong—falcate,
2.1-4.4 x 0.8-1.9 mm, upper surfaces on lower scabrous halves of the laminae or
also rarely scabrous on upper half; basiscopic base margin entire, margin subentire,
denticulate at base; acroscopic base rounded, overlapping stem and branches, mar-
gin denticulate in basal half, obviously white—margined. Szrobili solitary or in pairs,
terminal, compact, tetragonal, 0.8-1.4 x 0.4-0.8 mm; sporophylls monomorphic,
ovate—triangular, carinate, margins denticulate, obviously white—margined, apices
acuminate; sporangia pale yellow to pale brown; megasporangia spherical; micro-
sporangia elliptic—oblong, relatively thick, marginal cells differentiated; megaspores
whitish, microspores pale yellow.

Specimens examined. China. Guangxi: Ningming, 31 Dec 2015, X.C.Zhang &
al.7879 (PE); Ningming, 1 Jan 2016, X.C.Zhang & al. 7886 (PE), X.C.Zhang & al.
7887 (PE), X.C.Zhang & al. 7899 (PE), X.C.Zhang & al. 7900 (PE); Shangsi, 17 Sep
2009, Mt. Shiwandashan, 600 m, R.H. Jiang 059 (PE); Shangsi, Mt. Shiwandasahn 10
Jun 2009, 380m, S.Y. Dong 2932 (IBSC); Fangchenggang, Fulong Village, Mt. Pin-
glong, 360 m, 19 Sep 2009, R.H. Jiang 145 (PE); Fangchenggang, Nale Village, 250
m, 20 Sep 2009, R.H.Jiang 174 (PE); Shangsi, 22 Sep 2009, Mt. Shiwandashan, 680
m, R.H. Jiang 220 (PE); Fusui, Lucheng, 200-370 m, 26 Apr 1957, S.Q. Chen 12074
(PE); Shang—sze (= Shangsi), Shap Man Taai Shan (= Mt. Shiwandashan), 11-30 Jul
1934, W.T.Tsang 23870 (BM); Hainan: Baisha, Yinggeling, 1000 m, 27 Aug 2005,
S.Y.Dong 1450 1464 (PE). Vietnam: Tien—yen, Kau Nga Shan and Vicinity, 23-30
Sep 1940, W.T.Tsang 30553 (PE); Chuk—phai, Ha—coi, Taai Wong Mo Shan and
Vicinity, W.T. Tsang 29052 (P); Dam-ha, Sai wong Mo Shan, 18 Jul — 9 Sep 1940,
W.T.Tsang 30273 (P); Tien—yen, Kau Nga Shan and Vicinity, 23 Sep — 7 Oct. 1940,
W.T. Tsang 30582 (P); Chuk—phai, Ha—coi, Taai Wong Mo Shan and Vicinity, 18
Nov — 2 Dec 1936, W.T. Tsang 27196 (P); Tonkin, Kau Nga Shan and vicinity, Sept.
23 — Oct. 7. 1940, W.T. Tsang 30582 (B).
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Figure 3. Type of Selaginella guihaia X.C.Zhang, sp. nov. (PE).

Distribution and ecology. Widely distributed in southern China (Guangxi and
Hainan) and northern Vietnam around the Gulf of Tonkin (Beibu Gulf), growing in
evergreen broad-leaved forests at 250 to 1000 m a.s.l. (Figures 4, 5).
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Figure 4. Selaginella guihaia X.C.Zhang, sp. nov. A Dorsal view of branch B Ventral view of branch. C
Strobilus D Rhizophore E Habit.

Etymology. The specific epithet “guihaia” alludes to the ancient Chinese name for
the remote geographic region where the species occurs.

Conservation status. We evaluated the conservation status of Selaginella guihaia
according to the IUCN (2012) criteria for risk assessment: S. guihaia falls into the
Least Concern (LC) category. S. guihaia is in fact known from many localities from
southern China and northern Vietnam around the Gulf of Tonkin.

Key to Selaginella guihaia and similar species

1 Sporophylls dimorphic, dorsal sporophylls longer than ventral ones; mega-
spores reddish brown ......c.ccoecivieiiinciiniiinnccc e S. ornata

- Sporophylls monomorphic, dorsal sporophylls the same length as the ventral
ones; megaspores whitish
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Figure 5. Distribution map of Selaginella guihaia X.C.Zhang, sp. nov.

2 Ventral leaf upper surfaces glabrous; basiscopic base slightly dilated; micro-
spores yellow-0range ...........ooueveueiininiiniicieninneeeceenes S. doederleinii
- Ventral leaf upper surfaces scabrous; basiscopic base entire; microspore pale yellow
3 Leaves with obvious white margin (three cells wide); ventral leaves scabrous
on upper surfaces only on the basiscopic halves (rarely also on upper halves);
axillary leaves ovate .........ccociiiiiiniiiiiii S. guihaia
— Leaves without obvious white margin (only one cell wide); ventral leaves sca-
brous on upper surfaces throughout the leaf surface; axillary leaves narrowly

ovate to triangular.........c.ccoviiiiiiiinies S. trachyphylla
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Appendix

Plant materials used in this study. Information is presented in the following order: tax-
on name, locality (if available), collection number (if available), ITS GenBank acces-
sion number, 7bcL GenBank accession number, references (if available). —, sequences
not available. *, sequences obtained in this study.

Selaginella albociliata P. S. Wang, KT161648, KT161379. Selaginella am-
blyphylla Alston, KT161650, KT161381. Selaginella biformis A. Braun ex Kuhn,
KT161664, KT161396. Selaginella bisulcata Spring, KT'161674, KT161406. Se-
laginella braunii Baker, KT'161685, KT161419. Selaginella commutata Alderw.,
KT161693, KT161430. Selaginella deflexa Brackenridge, AF418999, AF093253.
Selaginella delicatula (Desv.) Alston, KT161699, KT161441. Selaginella doed-
erleinii Hieron., CHINA, Guizhou, X~C. Zhang et al. 7113 (PE), KY06835%,
KY068356*. X—C. Zhang et al. 7880 (PE), KY068357*, KY068352*. Selaginella
douglasii (Hook. & Grev.) Spring, —, AF419049. Selaginella guibhaia X.C. Zhang,
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CHINA, Guangyi, X—C. Zhang 7879 (PE), KY068358*, KY068353*. X—C. Zhang
7887(PE), CHINA, Guangxi, KY068359*, KY068354*. Selaginella helferi Warb.,
KT161723, KT161470. Selaginella heterostachys Baker, KT161729, KT161480.
Selaginella kraussiana A. Braun. KT161746, KT161498. Selaginella lepidophylla
(Hook. & Grev.) Spring, AF419002, AF419051. Selaginella maireilevl., KT161764,
KT161518. Selaginella megaphylla Baker, KT161768, KT161524. Selaginella
moellendorffii Hieron., KT161777, KT161531. Selaginella nipponica Franch. et
Sav., KT161786, KT161542. Selaginella ornata Spring, CHINA, Guizhou, X.—C.
Zhang et al. 7082 (PE), KY068360*, KY068355*. Selaginella pallidissima Spring,
KT161796, KT161556. Selaginella pennata Spring, KT'161798, KT161558. Se-
laginella picta A. Braun ex Baker, KT161800, KT161561. Selaginella pulvinata
(Hook. et Grev.) Maxim., KT161811, KT161576. Selaginella remotifolia Spring,
KT161814,KT161580. Selaginella repanda (Desv.) Spring, KI'161816, KT161582.
Selaginella roxburghii (Hook. & Grev.) Spring, —, EU140945. Selaginella san-
guinolenta (L.) Spring, KT161822, KT161589. Selaginella scabrifolia Ching &
C.H.Wang, KT161824, KT161593. Selaginella selaginoides (L.) Link, AF419000,
AF419048. Selaginella sibirica (Milde) Hieron., AF419032, AF419076. Selaginella
superba Alston, KT'161842, KT161616. Selaginella tamariscina (P.Beauv.) Spring,
—, AB574655. Selaginella trachyphylla A Braun ex Hieron., —, KT161620. Selagi-
nella vardei Levl., KT161853, KT161628.
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Abstract

Species of the complex and diverse genera Psychotria and Palicourea are common but little-known elements
in many tropical forest ecosystems. DNA-phylogenetic studies and a re-evaluation of morphological char-
acters have recently shown that species of Psychotria subg. Heteropsychotria are nested within Palicourea
s.l, which was traditionally separated by exhibiting a bird-pollinated (vs. insect-pollinated) pollination
syndrome. In order to render both genera monophyletic groups, species of subg. Heteropsychotria need to
be transferred to Palicourea s.l. For Central American species, most of the necessary combinations have
already been made. In the course of ongoing research on the phytochemical characterization of species and
clades of Costa Rican Palicourea s.1., the nomenclature of Mesoamerican species was revised. As a result,
two new combinations and a new name are proposed here: Palicourea horquetensis (Dwyer & Hayden)
A. C. Berger & C. M. Taylor is based on Rudgea horquetensis Dwyer & Hayden, Palicourea tonduzii (K.
Krause) A. C. Berger is based on Cephaelis tonduzii K. Kraus and Palicourea longiinvolucrata A. C. Berger
replaces Psychotria hispidula Standl. In addition, two lectotypes are designated.
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Introduction

Species of the complex and diverse genera Psychotria L. (1759: 929) and Palicourea
Aubl. (1775: 172-175) are prominent but little-known elements in tropical forest
ecosystems. Both have long been considered closely related, and Palicourea was differ-
entiated from Psychotria by characters associated with hummingbird rather than insect
pollination. Species of Palicourea are typically found in the understory of rainforests
and are especially frequent in high elevation habitats where Psychotria and other related
genera are less speciose (Taylor 1996, 1997).

Both genera were traditionally classified in the tribe Psychotrieae. Recently, how-
ever, DNA-phylogenetic studies and a re-evaluation of morphological characters have
shown that species of Psychotria subg. Heteropsychotria Steyerm. (1972: 484) are more
closely related to Palicourea. Consequently, views shifted towards a narrower concept
of Psychotria and Psychotrieae which peaked in the ongoing segregation of hundreds of
species and the establishment of the sister tribe Palicoureeae (Nepokroeff et al. 1999,
Razafimandimbison et al. 2014, Robbrecht and Manen 2006).

Species of Psychotria subg. Heteropsychotria and Palicourea cannot be distinguished
by vegetative or fruit characters. In addition, both groups show similar accumulation
of alkaloids (e.g., Berger et al. 2012, 2015, 2017, in review), flavonoids (e.g., Berger
et al. 2016) and a group of defensive peptides termed cyclotides (Koehbach et al.
2013). As traditionally defined, both groups deviate only in a suite of traits associated
with pollination syndromes: Flowers in subg. Heteropsychotria are arranged in open,
somewhat grouped to densely capitate inflorescences with inconspicuously colored in-
florescence axes, though some species have inflorescences subtended by showy bracts.
Flowers are usually sessile or subsessile and have small, white, to greenish or yellow
corollas with short and straight tubes in bee-pollinated or white and long-tubed corol-
las in moth-pollinated species. (e.g., Steyermark 1972, Taylor 1996).

By contrast, species of Palicourea are hummingbird-pollinated, frequently have long-
pedunculate and open inflorescences, colored inflorescence axes, large and long pedicel-
late flowers and vividly colored corollas with well-developed tubes. Corollas have a gib-
bous, nectar-accumulating swelling at their base that is protected by an internal ring of
hairs. In many plant groups, bird-pollinated flowers have repeatedly evolved in groups
of bee-pollinated ancestors and are not phylogenetically informative at the generic level
(e.g., Castellanos et al. 2004, Fenster et al. 2004, Pirie et al. 2016). Similarly, it was hy-
pothesized that pollinator shift has occurred multiple times in Palicourea s.1. and that bird
pollinated species (i.e., the traditional concept of Palicourea) repeatedly evolved out of
bee-pollinated ancestors (i.e., the traditional concept of Psychotria subg. Heteropsychotria)
or vice versa (Taylor 1996, 1997).

In order to render both Palicourea and Psychotria monophyletic groups, most species
of Psychotria subg. Heteropsychotria have to be transferred to Palicourea s.1. The combined
group includes more than 800 species, is variable in flower characters, but is supported by
vegetative and fruit characters as well as by DNA phylogenetic data (Razafimandimbison
et al. 2014). The process of transferring species of subg. Heteropsychotria was started
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with the publications of Taylor et al. (2010), Taylor (2015a, 2015b) and Taylor and
Hollowell (2016), which provided combinations for species belonging to newly defined
sections within Palicourea s.l. Finally, Mexican, Mesoamerican and Venezuelan species
were transferred by Borhidi (2011, 2017a, 2017b), and species occurring in the Guianas
were transferred by Delprete and Kirkbride (2016).

In the course of ongoing research on the phytochemical characterization of species
and clades of Costa Rican Palicourea s.l., the nomenclature of Mesoamerican species
was revised and the need for a new name and two new combinations became apparent.
These are proposed here. In addition, a complete synonymy, an enumeration of type
specimens and two lectotypifications are provided for these three species.

Methods

The present work is based on an extensive study of herbarium specimens, digital images
and relevant literature including regional (e.g., Manual de Plantas de Costa Rica, Taylor
2014) and overregional floras (e.g., Flora Mesoamericana, Lorence and Taylor 2012). In
addition, extensive fieldwork was performed in Costa Rica in 2010, 2013, 2015 and 2016.

For all names, protologues were checked to verify or revise author and page cita-
tions, information on collectors and localities. Subsequently, the type category apply-
ing to each name was assessed in accordance with the ICN (Melbourne code, McNeill
et al. 2012; see also McNeill 2014). Retrieved information was managed with the in-
ternational JACQ herbarium database (http://herbarium.univie.ac.at/database) hosted
at the herbarium WU. For citation of type collections, localities have been simplified
and ecological and morphological details have been omitted. For all retrieved type
specimens, herbarium acronyms and barcodes are given. For specimens seen either
digitally or physically, their barcodes are followed by an exclamation mark.

For the three nomenclatural novelties, both possible author abbreviations of my
name are preoccupied: Berger stands for Ernst Friedrich Berger (1814-1853) and A.
Berger stands for Alwin Berger (1871-1931). Therefore, I have adopted the abbrevia-
tion A. C. Berger that includes my second forename Christoph, which I have never
used before in my publications.

Taxonomy

Palicourea horquetensis (Dwyer & Hayden) A. C. Berger & C. M. Taylor, comb. nov.
urn:lsid:ipni.org:names:77162933-1

Basionym. Rudgea horquetensis Dwyer & Hayden, Ann. Missouri Bot. Gard. 54(2):
145-146, 1967.—Type: PANAMA. Chiriqui: Distr. Boquete, Cerro Horqueta,
ca. 1980 m, 26 Jul 1940, C. von Hagen & W. von Hagen 2156 (holotype: NY
barcode 133202!).
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= Coussarea nebulosa Dwyer, Ann. Missouri Bot. Gard. 67(1): 131, 1980a. = Psychotria
nebulosa (Dwyer) C. M. Taylor, Novon 5(2): 205, 1995, nom. illeg. hom., non
Psychotria nebulosa K. Krause, Bot. Jahrb. Syst. 57(1): 46-47, 1920. = Palicou-
rea nebulosa (Dwyer) C. M. Taylor, Novon 20(4): 488, 2010.—Type: PANAMA.
Chiriqui: Monte Rey near Boquete, ca. 1170 m, 20 Jul 1971, 7 B. Croar 15868
(lectotype, designated by Taylor (1995): PMA barcode 1189! ex MO 2162999
[sheet # 1/2]; isolectotype: MO barcode MO 312217! [sheet # 2/2]).

= Rudgea chiriquiensis Dwyer, Ann. Missouri Bot. Gard. 67(2): 476, 1980b. = Cous-
sarea chiriquiensis (Dwyer) C. M. Taylor, Fieldiana, Bot., n.s. 33: 113, 1993.—
Type: PANAMA. Chiriqui: Cerro Colorado, along road above San Félix, 29 km
above bridge over Rio San Félix, 7.9 km above turnoff to Escopeta, 1500 m, 14
Jul 1976, T B. Croat 37071 (lectotype, designated by Taylor (1995): MO barcode
MO-312257!; isolectotype: PMA barcode 1163! ex MO 2389189).

Nomenclatural remarks. Rudgea horquetensis Dwyer & Hayden was accepted as a
species of Rudgea by most authors including Lorence (1999) and Correa et al. (2004).
Lorence and Taylor (2012) were the first to exclude it from Rudgea, but did not suggest
any further placement. Based on morphological characters, the species clearly belongs
to the nocturnally flowering species group of Palicourea (Taylor et al. 2010) and is here
treated as conspecific with Psychotria or Palicourea nebulosa. Rudgea horquetensis is the
oldest available name for the taxon and a respective new combination is proposed here.
Typification. The protologue of Coussarea nebulosa states that the holotype is lo-
cated at MO. At the time of publication two sheets of the type collection have been
accessioned at MO, making the holotype designation ambiguous. In 1975, Dwyer an-
notated both sheets as Coussarea nebulosa, but did not specify what sheet he intended
to be the holotype. Hence, both specimens represent syntypes (ICN, Art. 40.2 & Note
1; see also McNeill 2014). Later, the specimens were annotated as sheet “1” and “2
of 27, respectively. Sheet 1 was also annotated as holotype by C. M. Taylor in 1988.
Taylor (1995) cited the above-mentioned sheets as “holotype, MO 2162999; iso-
type, MO 4043108” which has to be considered a valid (though indirect) lectotypifica-
tion according to the ICN (Art. 7.10, 9.9, 9.23; see also McNeill 2014). Later, Lorence
(1999) cited the specimens as “Holotype MO 2162995; Isotype MO 4043108”. The
last digit of the numbering stamp on the corresponding sheet is hardly legible as a “97,
possibly explaining the error in citation. In the last revision of the group (Taylor et al.
2010), the erroneous type citation of Lorence (1999) was repeated. In a repatriation pro-
jectin 2001 (C. M. Taylor, pers. comm.), the lectotype (specimen 1) was deaccessioned
and distributed to PMA. The sheet still bears a respective MO accession number stamp.
A similar case of indirect lectotypification is found in Rudgea chiriquiensis. The
species was described with reference to two collections at that time housed at MO, one
of which was later distributed to PMA. Likewise, lectotypification (of the MO sheet)
was achieved by Taylor (1995).
Distribution. Palicourea horquetensis is only known from few sites in Costa Rica
and Panama.
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Palicourea tonduzii (K. Krause) A. C. Berger, comb. nov.
urn:lsid:ipni.org:names:77162934-1

Basionym: Cephuaelis tonduzii K. Krause, Bot. Jahrb. Syst. 54(3, Beibl. 119): 45406,
1916. Non Psychotria tonduzii Standl., J. Wash. Acad. Sci. 15(13): 287, 1925b.—
Type: COSTA RICA. Cartago: Tuis, 650 m, Nov 1897, A. Tonduz 11461 (lecto-
type, designated here: fragm. F barcode VO068631F! ex B; syntype, or possibly
holotype: B 1 [photo: F neg. BN-773!]).

= Cephaelis discolor Pol., Linnaea 41(5-6): 572-573, 1877. = Uragoga angosturensis
Kuntze, Revis. Gen. PL. 2: 954, 1891, nom. nov., non Uragoga discolor (Benth.)
Kuntze, Revis. Gen. PL. 2: 960, 1891. Non Psychotria discolor (Griseb.) Rolfe, Bull.
Misc. Inform. Kew 1893: 258, 1893, nec Palicourea discolor K. Krause, Bot. Jahrb.
Syst. 54(3, Beibl. 119): 40-41, 1916.—Type: COSTA RICA. Cartago: Ango-
stura, Nov 1875, H. Polakowsky 384 (lectotype, designated here: fragm. F barcode
V0068625F! ex B; syntype, or possibly holotype: B T [photo: F neg. BN-722!]).

= Evea guapilensis Standl., J. Wash. Acad. Sci. 15(5): 104—105, 1925a. = Cephaelis gua-
pilensis (Standl.) Standl., Publ. Field Mus. Nat. Hist., Bot. Ser. 4(8): 295, 1929. =
Psychotria guapilensis (Standl.) Hammel, Selbyana 12: 139, 1991. = Palicourea gua-
pilensis (Standl.) Borhidi, Acta Bot. Hung. 59(1-2): 17, 2017a.—Type: COSTA
RICA. Limén: Vicinity of Gudpiles, 300-500 m, 12—13 Mar 1924, P C. Standley
37025 (holotype: US barcode 00129829").

= Evea nana Standl., J. Wash. Acad. Sci. 15(5): 105, 1925a. = Cephaelis nana (Standl.)
Standl., J. Wash. Acad. Sci. 17(7): 171, 1927. Type: PANAMA. Colén: Hills N
of Frijoles, 19 Dec 1923, P C. Standley 27550 (holotype: US barcode 1153871!).

= Cephaelis nicaraguensis Standl., Trop. Woods 16: 46, 1928.—Type: NICARAGUA.
Atldntico Norte: Puerto Cabezas [Bragman’s Bluff], bank of Kukalaya River, 60 m,
08 Dec 1927, E C. Englesing 58 (holotype: F barcode VO068627F!; isotype: fragm.
G barcode G00300772! ex F).

Nomenclatural remarks. The earliest published name for the species is Cephaelis dis-
color but combinations under Psychotria and Palicourea are preoccupied by Psychotria
discolor (Griseb.) Rolfe and Palicourea discolor K. Krause. The next available name
Cephaelis tonduzii K. Krause cannot be used in Psychorria because of the earlier Psy-
chotria tonduzii Standl. Hence, the next name Evea guapilensis Standl. was adopted
and the species became known as Psychotria guapilensis (Standl.) Hammel. Recently,
Borhidi (2017a) transferred the species to Palicourea and proposed the name Palicou-
rea guapilensis (Standl.) Borhidi.

However, he overlooked that the earlier published name Cephaelis tonduzii K.
Krause is still available under Palicourea and ought to have been adopted. The corre-
sponding new combination is provided here. It is fortunate that the correct name for
this showy species honors Swiss botanist Adolphe Tonduz (1862-1921), a long-term
employee at the Museo Nacional de Costa Rica (CR) and one of the most prolific
plant collectors in the country.
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Typification. Cephaelis tonduzii was described with reference to an entire gather-
ing by Tonduz. Krause did not cite a particular herbarium specimen and all possible
duplicates are therefore syntypes (ICN, Art. 40.2 & Note 1; see also McNeill 2014).
In addition, he was based at B and his working herbarium was destroyed during World
War II. Collections made by Tonduz are widely distributed and more or less complete
sets are found in CR and US (Stafleu and Cowan 1976-1988). Nevertheless, the only
known original material of Cephaelis tonduzii is a fragment at F.

The fragment originates from the type at B, as shown by information given on the
label. It consists of a capsule with a leaf and part of an inflorescence, which is mounted
together with a photograph (“Berlin negative”) of the original B specimen. The re-
moved leaf is clearly recognizable on the photograph providing a definite link between
both. Although not the best choice, the fragment at F appears to be the only extant
original material and is here designated as lectotype.

A similar situation is found in Cephaelis discolor, which was based on a gathering
of H. Polakowsky. Likewise, the only known original material is a fragment at F that
originated from B. It consists of a leaf, some bracts and fruits in a capsule, which is
mounted together with a photography of the B specimen, likewise destroyed. The frag-
ment at F is here designated as lectotype.

Distribution. Palicourea tonduzii is known from Nicaragua, Costa Rica, Panama
and Ecuador (Taylor 2014).

Palicourea longiinvolucrata A. C. Berger, nom. nov.
urn:lsid:ipni.org:names:77162935-1

Basionym/replaced synonym: Psychotria hispidula Standl. ex Steyerm., Acta Biol.
Venez. 4(1): 97-98, 1964. = Palicourea hispidula (Standl. ex Steyerm.) Borhidi,
Acta Bot. Hung. 59(1-2):17, 2017a, nom. illeg. hom., non Palicourea hispidula
Standl., Publ. Field Mus. Nat. Hist., Bot. Ser. 11(5): 227, 1936.—Type: CO-
LOMBIA. Valle del Cauca: Rio Calima, La Trojita, 5-50 m, 19 Feb—10 Mar 1944,
J. Cuatrecasas 16359 (holotype: F barcode V0070450F!; isotypes: BC 623883!, U
barcode 0006197!, US barcode 00138790!, VEN n.v.).

— Psychotria involucrata sensu Standley (1938, p.p.), non Sw., nom. superfl.

— Psychotria hoffmannseggiana sensu Burger & Taylor (1993, p.p.), non (Roem. & Schult.)
Miill. Arg.

Nomenclatural remarks. Borhidi (2017a) attempted to transfer this species to Pali-
courea, but overlooked the preexisting Palicourea hispidula Standl. This renders his
name an illegitimate later homonym (ICN, Art. 53.1). Here, the new name Palicourea
longiinvolucrata is proposed that alludes to the long involucral (15-20 mm) and floral
bracts (6-15 mm) that help differentiate this species from the closely related Pali-
courea hoffmannseggiana (Roem. & Schult.) Borhidi (3.5-15 mm, 0.5-2 mm). Two
further species, Palicourea gracilenta (Mill. Arg.) Delprete & J. H. Kirkbr. (3-7 mm,
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Figure 1. Palicourea longiinvolucrata and related species, note diagnostic differences in bract arrange-
ment and length. Palicourea longiinvolucrata, inflorescence (A Berger 1418) and infructescence (B Berger
1633); Palicourea hoffmannseggiana, infructescence (C unvouchered); Palicourea gracilenta, infructescence
(D Berger 2055); Palicourea winkleri, infructescence (E Berger 1737). All photos by the author.
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1.5-5 mm) and Palicourea winkleri Borhidi (both 1-9 mm), belong to the same spe-
cies group (e.g., Taylor 2004, 2014), but have less-congested inflorescences (Figure 1).

Distribution. Palicourea longiinvolucrara is known from Belize to Bolivia, from
Venezuela and from Brazil (Taylor 2014).
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Abstract

A nomenclatural revision of fifteen taxa of Xyris (Xyridaceae) described by L.A. Nilsson (1892) is pre-
sented as part of a taxonomic revision of the genus in Brazil. All the protologues and type collections of
these taxa were studied. The type collections were examined in the respective herbarium collections where
they are preserved and complemented by images available on herbarium websites and from JSTOR Global
Plants. Lectotypes were selected for Xyris cristata L.A.Nilsson, X. glaziowii L.A.Nilsson and X insignis
L.A Nilsson. The holotypes, of X. glandacea L.A Nilsson and X. stenophylla L.A Nilsson, were discovered at
the herbaria of Uppsala (UPS) and Berlin (B) respectively, and provided with their correct determinations.

Resumo

E apresentada a revisio nomenclatural de quinze taxa do género Xyris (Xyridaceae) descritos por L.A.
Nilsson (1892), como parte da revisao taxondmica do género no Brasil. Foram analisados os protdlogos
destes taxa e as colegoes-tipo nos acervos dos respectivos herbdrios onde os mesmos estao preservados e
complementarmente por imagens disponiveis nos websites dos herbdrios e por meio do JSTOR Global
Plants. Foram designados os lectétipos para Xyris cristata L.A Nilsson; X glaziowii L.A.Nilsson and X
insignis L.A Nilsson. Dois holdtipos com indica¢oes equivocadas foram aqui encontrados e corretamente

determinados: Xyris glandacea L.A Nilsson, no Herbdrio UPS e X. stenophylla L.A Nilsson, em B.
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Introduction

The family Xyridaceae comprises about 400 species (Wanderley 2011, Silva and Wan-
derley 2013, Mota and Wanderley 2014, Santos-Guedes and Wanderley 2015), of
which approximately 92% occur in Brazil (Flora do Brasil 2016). The most recent
monograph of Xyridaceae in Brazil (Smith and Downs 1968) recognized 115 species
of Xyris. However, a large number of Brazilian species have been described since (Kral
and Smith 1980, 1982, Wanderley 1983, 1986, Wanderley and Cerati 1987, Kral and
Wanderley 1988a, 1988b, 1993, Wanderley 2003, 2010, Mota and Wanderley 2013,
Mota and Wanderley 2014, Wanderley and Mota 2015, Lozano et al. 2016), increasing
the number of taxa by approximately 44% over the last three decades.

While undertaking taxonomic studies of Brazilian Xyridaceae, it was discovered
that a number of species of the genus Xyris needed nomenclatural revision. Although
Smith and Downs (1968), proposed typifications of many taxa of Xyris as part of their
treatment, many others still do not have any indication of typification, or there are
problems to be solved. In some cases, unrecognized type material was found in the
general collections of herbaria with the consequence that these types are also not avail-
able on herbaria websites or by JSTOR Global Plants (Ithaka 2015).

In this paper, we revised the typification of fifteen Brazilian taxa described by L.A.
Nilsson (1892), most of whose type collections are housed at the herbaria of two re-
search institutions, the Swedish Museum of Natural History (S) and Uppsala Univer-
sity Museum of Evolution, Botany Section (UPS). Both herbaria were the institutions
where the author worked during the 19th century. In his treatment, “Studien iiber die
Xyrideen”, Nilsson (1892) studied 109 taxa of Xyris, of which 53 belong to section
Nematopus. Two were placed in a “dubia” section by the author, i.e. without sectional
affiliation, but these two taxa are assigned here to Xyris section Nematopus. Following
a recent visit to the two Swedish herbaria, fifteen names were reviewed and typified,
of which twelve are accepted names and three are synonyms, all included in Xyris sec-
tion Nematopus. Lectotypes are proposed here for three names, chosen in accordance
with the original descriptions of the taxon, so as to enhance nomenclatural stability
and following the author’s original intentions. In the case of a previous intention of
indication by another author, the priority of designation was accepted, according to
the International Code of Nomenclature for Algae, Fungi and Plants (McNeill et al.
2012), unless the designation was incorrect, and bearing in mind if the indicated ma-
terial is representative of the species (Prado et al. 2015). Based on the review of all the
protologues and type collections of the studied taxa, lectotypes are designated for Xyris
cristata L.A. Nilsson, X. glaziowii L.A. Nilsson and X. insignis L.A. Nilsson. Two holo-
types with equivocal determinations are reported and corrected here: Xyris glandacea
L.A. Nilsson, housed at the Uppsala herbarium (UPS) and X. szenophylla L.A. Nilsson,
at Berlin (B), both designated equivocally as lectotypes earlier by Smith and Downs
(1968). Some types cited by Smith and Downs (1968) simply as “type”, were updated
to lectotype status, and isotypes and isolectotypes are also reported here.
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Material and methods

In this study, we analysed the protologues and morphological features from specimens
of the following herbaria (* visited herbaria): B*, BR, K*, M*, NY*, P*, §*, US* and
UPS* (see Thiers 2016 for acronyms). Typifications were carried out according to the
current edition of the International Code of Nomenclature for Algae, Fungi and Plants
(McNeill et al. 2012), as well as recommendations by Prado et al. (2015). The accepted
names of the taxa are shown in bold italics, and the non-accepted ones only in italics.
Images were studied using a source from the herbaria B, BR and M or by using digital
images available on the JSTOR Global Plants website (Ithaka 2015). All the original
protologues were reviewed. Citations of type specimens are given as follows; when la-
belled by barcode, this is cited immediately after the herbarium acronym; if there is no
barcode the herbarium registration number is cited, as in the case of the S herbarium;
when the exsicatae have no registration numbers, as in the case of the UPS herbarium,
just the respective herbarium acronym is cited.

Typifications

1. Xyris cristata L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
56. 1892.

Type. “Brasilien”. Bahia “in paludosis ad Itahype flum. Com. Dos Ilheos”, Martius
s.n. (lectotype, designated here: M! pro parte: plant marked as M0241131). Other:
“Brasilien”. Minas Gerais, Vila do Principe, “in editis camporum humidis prope V. do
Principe”, Martius s.n. (syntype: M! pro parte: plant marked as M0241116).

=Xyris minarum Seub. in Martius, Fl. Bras. 3(1): 215. 1855.

This species is a synonym of X. minarum Seub. Nilsson (1892) cited two syntypes
for Xyris cristata in the protologue, both collected by Martius: 1) Martius s.n., from
Minas Gerais, Vila do Principe, (“in editis camporum humidis prope V. do Principe”),
and 2) Martius s.n. from Bahia, “in paludosis ad Itahype flum. Com. Dos Ilheos”.
However, both collections contain a mixture of species. The sheet from Bahia presents
a mixture of Xyris cristata and X. rupicola Kunth, presumably due to their similarity in
habit, a common problem in identification of Xyris species. On this sheet, the plants
of the two species are marked with different barcodes, X. rupicola (M0241130) and
X cristata (M0241131). The specimen of X. cristata is positioned in the center of the
sheet marked with the number “2”, whereas the two specimens positioned laterally
and marked “1” correspond to X. rupicola. The material (M0241131) agrees with the
description of the species provided in the protologue.

The collection from Minas Gerais includes the other syntype of Xyris cristata, but
also plants of a third species, X. subsetigera Malme. The specimens of each species
mixed together in this Martius collection agree with their respective protologues and
both names are validly published. The mixed collection has been separated into three
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exsiccatae; the plants of X. subsetigera are now registered as M0241136 and M0241137,
whereas that of X. cristata is registered as M0241116. This latter plant is a poor sample
of X. cristata, represented only by three peduncles and three spikes.

After studying the two syntypes (M0241131, M0241116), the Bahian collection
was selected as the lectotype of Xyris cristata, because it is a more complete specimen.

2. Xyris filifolia 1.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
43-44. 1892.

Type. “Brasilien”. Minas Gerais, Caldas, Regnell I 2051, “in palude inter gramineas
altas” (lectotype, designated by Smith & Downs, 1968: S! [S-R-6569]; isolectotypes:
UPS!, US! [US00088150]).

In the protologue of the species, two collections were cited: Regnell II] 2051 and
Lindberg s.n. The choice of lectotype was previously made by Smith and Downs (1968),
who indicated the sheet Regnell 111 2051, 30[?]-11-1880 as the “type”, deposited in S
(§-R-6569), which by this indication became the lectotype. It is likely that during the
distribution of the duplicates between the S (30-11-1880) and UPS (20-11-1880) her-
baria, a change in the date was made in the transcription of the label. A second sheet
is deposited in UPS (Regnell 111 2051), although under a different date (13-11-1880),
but there is no doubt that this material is part of the same collection (Regnell 111 2051).
This sheet from UPS (Regnell 111 2051, 13-11-1880) contains a short description of the
species (in handwriting similar to that of Nilsson) and the observation “in palude inter
gramineas altas”, which occurs in the protologue. The Lindberg collection 556 (XII-
1854), deposited in S (S-R-6570) and also cited in the protologue, is a syntype. This
material comes from Minas Gerais, Caldas, and has the same location as the lectotype.

3. Xyris fusca L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14): 57-58.
1892.

Type. “Brasilien”. Glaziou 6747 (lectotype, designated as type by Smith & Downs,
1968: B! [B10 0243260]; isolectotypes: P! [P01679919], K! [K000587085]).

The Glaziou 6747 specimen from Brazil has three duplicates, of which B10
0243260 is the lectotype, designated as “type” by Smith and Downs (1968). The isolec-
totypes deposited in P and K are: P01679919, K000587085. The label of the sheet at P
gives the origin of the collection as Brazil, Rio de Janeiro, Itatiaia, January 22, 1873. In
the K isolectotype, there is no information on locality or date. The information given
is the collector and the respective collection number, the origin as Rio de Janeiro, and
the date as February 1874. The later date of the Kew specimen might signify when the
specimen was received at K as a duplicate from P. However, there is no doubt that the
three exsiccates are from the Glaziou 6747 collection.
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4. Xyris glandacea L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
50. 1892.

Type. “Brasilien”. Minas Gerais, Caldas, Regnel III 2065 (in herb. UPS) (holotype:
UPS); isotype: S! [S-R-6575]).

In his Xyris glandacea protologue, Nilsson (1892) cited the Regnell II 2065 collec-
tion, and indicated UPS as the herbarium where it was deposited. However, Smith and
Downs (1968), apparently ignoring the holotype, made an improper designation, and
chose the isotype at S as the lectotype. The present study confirmed the presence of the
holotype at UPS (Regnell III 2065), and that the duplicate housed at S is indeed the
isotype. The holotype contains a short manuscript description that agrees with the spe-
cies diagnosis. There is an attached envelope containing fragments of the inflorescence,
confirming that it was used to describe the species. Both the holotype and isotype are
compatible with the diagnosis and provide decisive confirmation of the rediscovery in
the field of X. glandacea after a century, previously reported by Wanderley (2011). Due
to earlier poor understanding of its identity, the name has been applied to various dif-
ferent species of Xyris in herbarium collections.

5. Xyris glaziowii L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
61-62. 1892.

Type. “Brasilien”, Glaziou 8004 (Bt; lectotype, designated here: P! [P00753734];
isolectotypes: NY! [NY00246945], BR [BR0O00000694356, scan!], P! [P00753735]).

= Xyris augusto-coburgii Szyszyl. ex G.Beck., Itin. Princ. S. Coburgii 2: 94. 1888.

This name is a synonym of Xyris augusto-coburgii Szyszyl. ex G.Beck. Although
cited in the protologue as deposited in B, the type material of X. glaziowii is no longer
to be found there. Dr. Robert Vogt, curator of B, has confirmed that the type mate-
rial of Xyris glaziowii probably disappeared as a result of World War II damage to the
B herbarium. Duplicates of Glaziou 8004 at P, BR, NY, and a photograph at F were
therefore examined with a view to selection of a lectotype. Smith and Downs (1968)
indicated material deposited at P as the type. However, there are two sheets of Glaziou
8004 in this herbarium, and the sheet numbered P00753734 was chosen and desig-
nated here as the lectotype, because of its more complete label data, stating that the
material is from Sio Paulo, Fazenda da Bocaina, near Cascatinha do rio Mambucabo,
collected on February 11, 1876. The isolectotypes are: P00753735, NY00246945 and
BR000000694356, which although from the same collection (Glaziou 8004), have
incomplete label information. The BR sheet indicates that it originated from Rio de
Janeiro, while the label data of the NY sheet indicates its origin as Sio Paulo, Bocaina,
as in the lectotype.
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6. Xyris insignis L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
44, 1892.

Type. “Brasilien”. Minas Gerais, “in campis alpestribus ad Serro Frio”, Martius s.n.
(in herb. Monac.) (lectotype, designated here: M! [M0241098]; isolectotype: M!
[M0241097]).

According to the protologue, the Martius’s type collection is from Serro, Minas
Gerais state, Brazil, but with no information of the collector number and date. It is de-
posited at the Munich herbarium (M) where there are two sheets of the same collection
(M0241097 and M0241098). According to Smith and Downs (1968), the Martius
collection was cited as a type, but without choosing one of the two Maritus sheets de-
posited in M. The lectotype is therefore designated here as the sheet M0241098. This
choice was made because the material is more complete, corresponds to the original de-
scription of the species, and has annotations in pencil indicating that it is the holotype.
Another indication of having been used by Nilsson (1892)to describe the species is the
fact that there is an envelope with fragments of the dried floral spike. The duplicate
sheet (M0241097) thus becomes an isolectotype.

7. Xyris laevigata L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
50. 1892.

Type. “Brasilien”. Rio de Janeiro, Glaziou 1327 (lectotype, designated by Smith and-
Downs, 1968: B! [B100242250]; isolectotype: K! [K000587092]).

According to the protologue, the Glaziou 13277 collection was used to describe
the species, but without indication of the depository herbarium where it was depos-
ited. Considering the intention of Smith and Downs (1968) in indicating the Berlin
sheet (B100242250) as a “type”, their choice has priority and this sheet is therefore
considered the lectotype. An isolectotype is deposited at K (K000587092).

8. Xyris longiscapa L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
59-60. 1892.

Type. “Brasilien”. Minas Gerais, “in palustribus Serra do Caraca”, Martius s.n. (holo-
type: M! [M0241109]).

In the protologue Nilsson (1892) indicated only the Martius collection without
collector number, collected in Brazil, Minas Gerais state, in the Serra do Caraca, and
deposited at the Munich herbarium (M). Since this collection consists of a unique
sheet, it is consequently the holotype. The material is made up of three leaf rosettes,
representative of the species and compatible with the protologue.
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9. Xyris nigricans L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
60. 1892.

Type. “Brasilien”. Rio de Janeiro, Glaziou 15513 (lectotype, designated by Smith &
Downs, 1968: P! [P00752388]); isolectotypes: P! [P00752436]), K! [K000587098]),
BR [BR000000694390, scan!]. Other: Sellow s.n. (syntype: B! [B 10 0242237]).

We examined two syntype collections of X. nigricans. Both are of good qual-
ity: 1) Glaziou 15513, has two sheets at P (P00752388; P00752436), one at K
(K000587098) and one at BR (BR000000694390); 2) Sellow s.n. has a single sheet
at B (B 10 0242237). The lectotype is confirmed as sheet P00752388 of the Glaziou
15513 collection, previously indicated by Smith and Downs (1968) as the “type”. The
label data of the lectotype states that it was collected in the state of Minas Gerais, at
Alto de Itacolomy (“Haut Itacolomy”). The other three sheets at P (P 00752436), BR
(BR000000694390) and K (K000587098) are thus isolectotypes. Although the spe-
cies is endemic to Minas Gerais, equivocal information is given on the labels of the
isolectotypes at K and BR, referring to the surroundings from Rio de Janeiro and Ouro
Preto. However, there is no doubt that all of them are duplicates and part of the same
collection Glaziou 15513, and each sheet was probably labelled by Glaziou. The exsic-
cate Sellow s.n., deposited at B (B 10 0242237), is a syntype of Xyris nigricans and is
compatible with the protologue.

10. Xyris obtusiuscula L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl.
24(14): 47. 1892.

Type. “Brasilien”, Sellow s.n. (“in herb. Berol.”) (holotype: B! [B10 0242234]).
Nilsson (1892) cited the Sellow s.n. collection in the protologue as at the Berlin
herbarium (B). Smith and Downs (1968) indicated the B sheet as the type, but without
specifying the type’s category. Considering that only this sheet of this collection is known
at B (B10 0242234) and Nilsson’s citation of B in the protologue, we can confirm that it
is the holotype. Although no mention was made in the protologue of Sellow’s collecting
number, the label states that it is Se/low 1087. The holotype is a poor specimen, consist-
ing of only one plant with two incomplete spikes, together with added fragments of the
inflorescence, but nevertheless corresponds to the characteristics of the species.

11. Xyris regnellii L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
43.1892.

Type. “Brasilien”, Minas Gerais, Caldas, Regnell III 2050 (lectotype, designated by
Smith & Downs, 1968: S! [S-R-6609]; isolectotype: UPS!, pro parte P! [P01676114]).
Other: “Brasilien”, Minas Gerais, Caldas, Regnell 111 2050 “loco paludoso in consor-
tione graminearum excelsiorum” (syntype: UPS!).
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In the protologue of the species, Nilsson (1892) cited two different collections
from the same location (Brazil, Minas Gerais, Caldas) under the same number Regnel/
11T 2050. The two collections can be recognized by the annotations referred to in the
protologue: 1) “In palude inter gramineas alta”, and 2) “loco paludoso in consortione
graminearum excelsiorum”. The sheets examined in the present study at P, S and UPS
have different dates on their labels for this same collection - no dates are mentioned
in the protologue. This variation of dates and other label information on the dupli-
cate sheets of the type collection led to a more detailed analysis of the typification of
this name, involving visits to both Swedish herbaria (UPS and S) and B, where the
duplicates of the Regnell II] 2050 are deposited. Smith and Downs (1968) previously
indicated as lectotype the sheet deposited in S (S-R-6609), and since this is representa-
tive of the species and protologue, it is confirmed here as the lectotype. It can also be
recognized by the citation in the protologue (“Brasilien”, Minas Gerais, Caldas, Regnell
11 2050); its label includes the date 10-01-1880. The isolectotype is deposited in UPS
(Regnell IIT 2050) and has the same date as the lectotype (10-1-1880), includes a short
description of the species (in pencil with similar handwriting to that of Nilsson), and
the ecological description “in palude inter gramineas alta”, as cited in the protologue.
Although the latter information does not appear on the lectotype sheet at S, there is
no doubt that they are duplicates and that they complement each other in relation to
the protologue. The syntype at UPS corresponds to the second material mentioned in
the Regnell I1] 2050 protologue (“loco paludoso in consortione graminearum excelsio-
rum”), and this sheet includes two dates: 20-1-1880 and 17-2-1880. It also has a brief
description of the species and fragments of material in envelopes, indicating that they
were examined by Nilsson when he prepared his original description. This material is
thus very informative and complementary for interpreting this species name.

The P01676114 collection at Paris (P) is part of the type collection of Xyris regnel-
lii (Regnell I1I 2050), and can be considered as a syntype, but only in part (pro parte),
as it consists of a mixture of specimens of Xyris regnellii and X. filifolia. This sheet does
not have a date of collection or any of the other information mentioned above, show-
ing only the collector’s name and number. It is, however, the only reference to X. reg-
nellii currently available on the JSTOR Global Plants (Ithaka 2015) website for type
materials. Another specimen at P (P01727365), is possibly part of the type collection
of Xyris regnellii, but as the number of the Regnell collection has not been recorded, it
has not been included here in the above citation of duplicates of the type collection.
Yet another P specimen, P01676128, which is of X. regnellii, was not considered for
typification of the name, because it is labelled as X. filifolia and is a different collec-
tion (Regnell 111 2051). The interpretation of Xyris regnellii and X. filifolia type mate-
rial, described by Nilsson (1892) in the same work, was made more difficult as they
were collected by Regnell in the same location (Minas Gerais, Caldas), and received
consecutive numbers: Regnell III 2050 for Xyris regnellii, and Regnell III 2051 for X.
filifolia. The mixture of material of these two species in the duplicates at P and the
exchange of labels between them must have occurred during the original distribution
of duplicates.
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12. Xyris seubertii L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
51. 1892.

Type. Guyana: “British Guiana®, Rich. Schomburgk 897 (in herb. Berol.) (holotype: B!
[B10 0242218]; isotype: K! [K000308887)).

In his species description, Nilsson (1892) cited the collection Schomburgk 897,
originating from British Guiana, undated, and deposited in the B herbarium. The
unicate of this collection in B (B10 0242218) was examined, and is compatible with
the protologue. Smith and Downs (1968) cited this sheet (B10 0242218) as “type”,
thus identifying it as the holotype, which has two plants with the typical characteristics
of Xyris seubertii, and the label indicates the location and the date (October 1842), as
quoted in the protologue. Illustrations attached to the holotype sheet show charac-
teristic features of the species, with a drawing of the central placenta and sepals with
a thickly pilose carina and acute apex. However, in addition to these illustrations,
there is an annotation signed by Seubert that indicates the species as Xyris fontanesiana
Kunth, now considered as a synonym of Xyris anceps Lam. (Xyris section Xyris), which
has a marginal placenta and is very different from X. seubertii (Xyris section Nemato-
pus). An isotype is deposited at K (K000308887), with an annotation giving its origin
from Guiana, and with indications of having previously been separated from another
specimen. Another sheet at K (K000308888), also of Xyris seubertii, has the locality
information “Roraima Expedition, British Guiana, Monte Roraima”. The collector is
not mentioned, but the number 257 given on the label makes clear that it does not
belong to the type collection.

13. Xyris simulans L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14):
47.1892.

Type. “Brasilien”, Minas Gerais, Caldas. Regnell I1I 1276 (lectotype, designated by Smith
& Downs, 1968: S! [S 05-5679]; isolectotypes: UPS!; US [US00433375, image!]).

= Xyris tortula Mart. Flora 24(Beibl. 2): 55. 1841.

The lectotype of the Regnell III 1276 (S 05-5679) material, designated as “type”
by Smith and Downs (1968), is confirmed. Isolectotypes are deposited at US
(US00433375) and UPS.

14. Xyris stenophylla L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl.
24(14): 46. 1892.

Type. Brasil. Glazion 7999 (in herb. Berol.) (holotype: B! [B100242212]; isotypes: S!
[S-R-6620], K! [K00494720]; P! [P00753728, P00753729]).
The holotype (B100242212) is the single sheet of Glazion 7999 at the B herbari-

um. It is from Brazil, undated, lacks a more precise location, and was indicated in the
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protologue as deposited at the B herbarium. The holotype consists of several plants
and dried material that was used by Nilsson (1892) to describe the species. Smith
and Downs (1968) cited the collection Glaziou 7999 at the Stockholm herbarium
(S R-6620) as “type”, but because Nilsson (1892) cited the B collection, the only
sheet of this collection there, the S sheet must be considered as an isotype. Other
isotypes were examined for the present study at K (K00494720) and P (P00753728,
P00753729), all of Glaziou 7999, despite having annotations which give differing
locations. The exsiccate K00494720 indicates that it is from Rio de Janeiro and
P00753728 has a different indication to Sao Paulo, Campos Bocaina. However, the
sheet P00753729 and the holotype (B100242212) were labeled only to Brazil, with-
out mention of locality.

These disagreements in location attribution are thought to have occurred when
Glaziou’s duplicates were distributed to the different herbaria.

15. Xyris teres L.A.Nilsson, Kongl. Svenska Vetenskap.-Akad. Handl. 24(14): 44-
45.1892.

Type. “Brasilien”. Glaziou 4286 (lectotype, designated by Smith & Downs, 1968: P!
[P00753726]; isolectotypes: K! [K00587113], US! [US00088220]). Other: Glaziou
8003 (ltatiaia) (syntype: K! [K000587112]; isosyntype: P! [P01677114]); GH n.v.

[GH00028828]; Sellow s.n. (syntype: B! [B10 0242206]; isosyntypes: K!
[K000837563, K000837566, K000837567]).

In the protologue, Nilsson cited three collections he had examined: Glaziou 4286,
Glazion 8003 and Sellow s.n., indicating the B herbarium as depository, however only
the Sellow collection was found at B. Smith and Downs (1968) cited as “type” the
material of Glaziou 4286 deposited at P (P00753726), which is thus the lectotype,
since there is no reason to disagree with the intention of these authors, the specimen
being representative of the species and in agreement with the protologue. The lectotype
consists of only a single plant, although a line drawn on the sheet shows that other,
presumably mixed material has been removed; the label states that it is from the Serra
dos Orgéos in Brazil, dated April 4, 1870. The duplicates at K (K000587113) and US
(US00088220) are isolectotypes. The Kew isolectotype (K000587113) sheet, compris-
ing young plants, also bears traces of previous mixtures, while the US isolectotype
(US00088220) is mixed with X. macrocephala Vahl.

Duplicates of the syntype Glaziou 8003 are deposited at K (K000587112) and P
(P01677114), with annotations giving different origins. The P duplicate (P0167114),
states its origin as Brazil, Sio Paulo, Fazenda Bocaina, near Cascatinha Manbucabo,
collected on February 11, 1876. The K duplicate (K000587112) label annotation states
the collection is from Rio de Janeiro, while another duplicate at GH (GH00028828)
has data identical to the P specimen (Fazenda Bocaina, Sao Paulo). Despite this diver-
gent locality information, there is no doubt that they all belong to the same Glaziou
8003 collection.
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The duplicates of the syntype Sellow s.n. (B100242206, K000837563,
K000837563, K000837566, K7000837567) indicate their origin only as from Brazil,
with all bearing the number 204 on the label, confirming that all belong to the same
Sellow collection. The collections examined revealed leaves with dark edges that can
vary from bright to opaque, smooth to rugulose, variations observed in recent speci-
mens of this species. The globular or ovoid spikes with brown bracts having a conspicu-
ous macula are also very variable, sometimes making it difficult to identify this species,
which overlaps in some characters with other similar species such as Xyris rigida Kunth.
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Introduction

The genus Tropidia Lindl. (Orchidaceae, Epidendroideae, Tropidieae) currently con-
tains about 30 species mainly distributed from Far East Asia, India, Sri Lanka, Indo-
china, Malaysia, Indonesia, the Philippines and New Guinea to northern Australia,
spreading across the South Pacific Islands. There is one exception to this distribution:
Tropidia polystachya (Sw.) Ames is native to Florida, the West Indies, Central America
and northern South America including the Galapagos Islands (Chun-Kuei et al. 2013).
Tropidia is often characterized by its woody stems with plicate leaves. However, two
mycoheterotrophic species without any green leaves have been reported from this ge-
nus: 1. saprophytica ].].Sm. and 17 connata J.J.Wood & A.L.Lamb.

Due to the rare occurrence of the mycoheterotrophic species in general and to the
difficulty in extracting a complete root system, the subterranean parts of most myco-
heterotrophic plants are less known than their aerial parts (Imhof et al. 2013). This is
also the case for Tropidia connata, with no description provided for its subterranean
parts (Wood and Cribb 1994). However, in 2011 and 2012, multiple specimens of 7.
connata with underground tuberous structure were collected by the last author from
the heart of Borneo, inside the Betung-Kerihun National Park, (West Kalimantan,
Indonesia), where many new mycoheterotrophic taxa were discovered (Tsukaya and
Okada 2005, 2012a, b, ¢, 2013a, b, Tsukaya et al. 2011). In addition to the subter-
ranean structures, we also found some remarkable floral features, which were also not
described in the original description (Wood and Cribb 1994). As the type specimen
lacks the tuber structure, we therefore chose one of the newly collected specimens to
designate as an epitype with a drawing. We consequently provide an emended descrip-
tion of this enigmatic species, 7. connata.

Materials and methods

We collected three specimens from three localities of Indonesia under permission of
Secretariat of Permission for Foreign Research, The Ministry of Research and Technol-
ogy, Republic of Indonesia (RISTEK). The specimens (two of which are with tubers)
were examined in this study. We also examined the type specimen, A.Lamb, A.Surat
& H.Lim 1512 (K000942868). The newly collected specimens were dried or kept in
50% (v/v) ethanol and deposited in both BO and TT (herbarium codes are according
to the Index Herbariorum http://sweetgum.nybg.org/science/ih/). The type specimen
is deposited in K. Morphological observation was carried out using a stereomicroscope
(MZ16a; Leica Microsystems). All measurements were taken from dried and spirit
herbarium collections and field notes. The measurements are presented as length x
width, followed by units of measurements (mm or cm). The terminology used here is
according to Tsukaya et al. (2011).
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Results

In the original description, the diagnostic characters of Tropidia connata are the fractiflex
rachis, connate lateral sepals forming a synsepalum, and shortly spurred lip (Wood and
Cribb 1994). We confirmed each of these features in both the type specimen and the new-
ly collected specimens. However, we discovered three features other than these characters.

The most distinct feature that had not been described in the previous descrip-
tion is the subterranean tuberous structure (Figures 1M, 2A, E). The type specimen
totally lacks this structure. The inflorescences occurred at the flanking region of the
tuber, which was 2-7 cm long and 0.5-1 cm in diameter and covered with dense hairs
(Figure 2E) (N = 4). One of the specimens (#1040) lacks a full length rhizome, but
retains about 8 mm. Filamentous roots were poorly elongated in the specimen HT245
at the basal nodes of inflorescence (Figure 1M, Figure 2E), while most of the fibrous
roots lack apices showing necrosis, suggesting the original length of the roots might be
longer. On the other hand, we could not find any fibrous roots for the other specimens,
suggesting that development of fibrous roots does not continue long, even if occurred.

The second distinct feature observed for the first time here is the two fiber-like
protrusions attached to the adaxial side of the stigma (Figure 1D, H) (N = 2). Exami-
nation of the type specimen at the Kew Herbarium confirmed this structure as well.
However, the color of this structure observed in the type was whitish and almost trans-
parent, whereas the other floral specimens examined were black.

Another distinct feature recognized is the difference between the scale-like leaves
and the flower bracts. While 5-10 scale-like leaves are seen on the stem and are ovate,
acute, adpressed to the stem (N = 7) (Figure 1A, 2A), the bracts showed a distinct fea-
ture from scale-like leaves, the presence of an abscission layer 1-2 mm from the apex (N
= 7) (Figure 2B-D). After maturation, the apical part falls away at this abscission layer.

We did not find any specimens with fully matured fruits, so we could not make an ob-
servation of the fruits or the seeds, which are also undescribed in the original description.

Discussion

The tribe Tropidieae contains the genera Tropidia, Corymborkis Thouars, and the
monotypic and mycoheterotrophic Kalimantanorchis Tsukaya, M.Nakaj. & H.Okada.
Corymborkis does not contain any mycoheterotrophic species.

The presence of underground tubers has never been described in the genus Zro-
pidia, although it was described for Kalimantanorchis nagamasui Tsukaya, M.Nakaj. &
H.Okada (Tsukaya et al. 2011). Moreover, other leafy Tropidia species have fibrous roots
and bear short and cylindrical tuber-like nodules at the distal end (Yeh etal. 2009, Chun-
Kuei et al. 2013). Therefore, we hypothesize the tuber of 7" connata may be equivalent to
the tuber-like nodules of other leafy 7ropidia. To confirm this hypothesis, we need com-
parative studies of the subterranean parts of both leafy and mycoheterotrophic ZTropidia.
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This discovery of the tuberous structure of 7. connata clearly indicates that this is a
shared feature of two of the mycoheterotrophic species in the tribe Tropidieae. Howev-
er, the presence of a tuber has also never been reported for the other mycoheterotrophic
species of Tropidieae, 7. saprophytica. We consider that it is of great importance to
discover new samples of 7 saprophytica with well-preserved subterranean parts as well.

The main morphological feature of Kalimantanorchis, which made it distinct from
other Tropidia mycoheterotrophic species at the time it was discovered, is the presence
of the tubers. This result therefore raises the possibility that the genus Kalimantanorchis
is not distinct from the genus 7ropidia or that the tuber structure separately evolved
in the tribe Tropidieae more than twice. The previous phylogenetic analyses of Ka/i-
mantanorchis (Tsukaya et al. 2011) did not include any samples of other mycohetero-
trophic species of Tropidia, so we intend to perform further molecular phylogenetic
analyses on both the samples of 7. connata and T. saprophytica, as well as other leafy
species of the tribe Tropidieae to obtain phylogenetic trees with better sampling, higher
resolution, and higher support values than the previous work.

In addition to the tuberous structure, we found an abscission layer on bracts and
two fibrous protrusions attached to the adaxial side of the stigma, both of which have
never been described for other mycoheterotrophic Tropidieae species. The presence
of such protrusions implies that there may have been some change in the pollination
systems for 7. connata due to the fully mycoheterotrophic habitat. Further research is
needed to examine the function of these fibers in the pollination system to understand
the possible pollination change in this species.

Conclusions

The subterranean part of the type specimen was badly preserved as it lacks whole tuber-
ous parts. Judging from the importance of this new finding of the tuberous structure,
which provides possible changes in the classification of the tribe Tropidieae, we there-
fore consider it is necessary to choose one of the newly collected specimens (HT245)
as an epitype. We designate the epitype, provide a drawing of the epitype, and emend
the description of Tropidia connata at the end of this section as a taxonomic treatment.

Following this research, we conclude that the tribe Tropidieae is not thoroughly
understood and little work has been done through either morphological or molecular
methods. In particular, no comprehensive research of the whole genus Tropidia has
been done, though this genus has a morphologically unique subterranean tuberous
structure, and it seems that there still remain a lot of complications in this genus. It is
also important to mention that several species have been discovered recently (Lin et al.
2006, Yeh et al. 2009, Chun-Kuei et al. 2013). We would like to continue and expand
this study about the tribe Tropidieae focusing on Zropidia to contribute to a better
understanding of this tribe.
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Taxonomic treatment

Tropidia connata J.J.Wood & A.L.Lamb (1994: 47) emend. I.Kikuchi & Tsukaya
Figure 1

Type. MALAYSIA. Borneo: Sabah, Sipitang District, Gunung Lumaku, 27 June 1992,
A.Lamb, A.Surat, & H.Lim 1512 (holotype: K!, K000942868).

Epitype. INDONESIA. West Kalimantan: Kabupaten Kapuas Hulu, Betung Ker-
ihun National Park, en route from stream to ridge, a branch of Sungai (River) Sibau,
01°13.32'N; 113°06.2433'E, 240 m alt., 31 December 2011, H. Tsukaya, H. Oka-
dada and A. Soejima HT245 (BO, T1I), here designated.

Emended description. Erect, mycoheterotrophic herb. Tubers 2-7x0.5-1 cm,
dark brown, pubescent. Roots 2-5 mm long, short, occurring at the basal 1-3
nodes of stem. Stem 10-22 cm high, ivory white to creamy colored, wiry, simple
or branched, perennial, 1 mm thick, internodes 0.8-2.5 cm long, sparsely ramenta-
ceous, bearing 5-10 ovate, acute, sheath-like leaves apressed to the stem, 3-5 mm
long. Inflorescence 5-15 flowered, 1-2 flowers open at a time; rachis 2-9 c¢cm long,
creamy white, internodes 4-10 mm, slightly zigzag, sparsely ramentaceous; floral
bracts 3-5 mm long, off white tipped brown, triangular, acute to acuminate, with
a abscission zone at 1-2 mm from the apex, apex detached at the abscission zone
after maturation, base of the bracts forming a sheath enclosing the stem. Flowers 1
cm across, non-resupinate, partially open, white, apex of the lip pale orange to yel-
low. Pedicel with ovary 3-7 mm long, white, sparsely ramentaceous. Dorsal sepal
5-5.9x1.5-1.8 mm, narrowly elliptic, acute, sparsely ramentaceous on the abaxial
sides. Lateral sepals connate into a 4-7.4x2.5-2.7 mm ovate-elliptic, cymbiform
synsepalum, apex minutely bifid. Petals 4.8-6x1.5 mm narrowly elliptic, acute
and asymmetric with two keels at the adaxial surface. Lip 5-7.6x2-2.2 mm with 3
nerves, elliptic, acute, concave, margin minutely erose, curving back to a horizontal
position, spur saccate, obtuse, bifid, enclosed by synsepalum, 1.1-4x1 mm. Column
3-3.9x1.6-1.9 mm, ovate-trullate rostellum margin minutely erose 1.4-1.5 mm
long, anther cap rostrate 2.5 mm long, stigma with calli-like protrusions and two
fiber-like protrusions on the adaxial side of the column, the fibers 1.1-1.4 mm long.
Pollinia 2, granular. Vicidium ellipsoid.

Additional specimens examined. INDONESIA. West Kalimantan: Kabupaten
Kapuas Hulu, Betung Kurihun National Park, Sungai (River) Menyakan, upstream of
Sg. Sibau, 01°13.825'N; 113°03.963'E, 331m alt. to 01°13.82167'N; 113°03.9367'E,
331 m alt., 5 January 2011, H. Tsukaya, H. Okada and H. Nagamasu #1040 (BO,
TI); Kabupaten Kapuas Hulu, Betung Kerihun National Park, on a ridge the junction
of Sungai (River) Sibau and Sungai Minyakan, from 01°12.5567'N; 113°04.35'E, 298
m alt. to 01°12.325'N; 113°04.433'E, 341 m alt., 1 January 2012, H. Tsukaya, H.
Okadada and A. Soejima HT250 (BO, TI).
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Figure 1. Drawing of Tropidia connata J.J.Wood & A.L.Lamb. A Gross morphology B Lateral view of
unopened flower € Lateral view of the column with lip D Dorsal view of the column E Lip F Anther cap
G Dollinia H Lateral view of the column | Dorsal sepal J, K Lateral petal of abaxial (J) and adaxial (K) side.
L Lateral sepal M Tuber with basal part of inflorescence with short filamentous roots. Scales 3 cm (A),
3 mm (B, C, 1-K), 1 mm (D-H), 5 mm (M). Drawing by Ms. Mutsuko Nakajima based on the specimen

HT245.
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Figure 2. Tropidia connara J.]. Wood & A.L.Lamb. A Gross morphology of two individuals (specimen
number 1040, collected in January 5, 2011). Scale in cm B Close-up of the inflorescence €, D Part of
inflorescent stem with bracts showing before (C) and after (D) the detachment of the apical part at the
abscission zonev E Subterrestrial part of the flowering individual. Divisions of scale in mm.
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Abstract

Both Salvia akiensis and S. lutescens (Lamiaceae) are endemic to Japan. Salvia akiensis was recently de-
scribed in 2014 in the Chugoku (= SW Honshu) region, and each four varieties of S./utescens distributed
allopatrically. Among varieties in S./utescens, var. intermedia show a disjunctive distribution in the Kanto
(=E Honshu) and Kinki (= W Honshu) regions. Recent field studies of S./utescens var. intermedia
revealed several morphological differences between the Kanto and Kinki populations. Here, I evalu-
ated these differences among Salvia lutescens var. intermedia and its allies with morphological analysis
and molecular phylogenetic analyses of nuclear ribosomal DNA (internal and external transcribed spacer
regions) and plastid DNA (ycfI-rps15 spacer, rbcL, and trnL-F) sequences. Both morphological analysis
and molecular phylogenetic analyses showed that S. /lutescens var. intermedia from the Kinki region and
var. lutescens were closely related to each other. However, var. intermedia from the Kanto region exhibited
an association with S. lutescens var. crenata and  var. stolonifera, which also grew in eastern Japan, rather
than var. intermedia in the Kinki region. These results indicated that S. lutescens var. intermedia is not  a
taxon with a disjunctive distribution, but a combination of two or more allopatric taxa. Present study also
suggested that S. akiensis was most closely related to S. omerocalyx.
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Introduction

The genus Salvia L. (tribe Mentheae) is the largest genus in Lamiaceae; it comprises
nearly 1,000 species. Salvia has radiated extensively into three regions of the world:
Central and South America (500 spp.), West Asia (200 spp.), and East Asia (100 spp.)
(Alziar, 1988-1993). In Japan, twelve species, eight varieties, and one putative hybrid
have been described since Thunbergs (1784) first account. The genus was classified
into three subgenera (subg.), including Allagospadonopsis Briq., Salvia, and Sclarea
(Moench) Benth, (Hihara et al. 2001, Inoue 1997, Murata and Yamazaki 1993, Ta-
kano et al. 2014). Most of the taxa are endemic to Japan, with the exception of .
japonica Thunb., S. nipponica Miq. and S. plebeia R. Br. (Murata and Yamazaki 1993).

There are four varieties known in S. lutescens (Koidz.) Koidz.: var. crenata, var.
intermedia, var. lutescens, and var. stolonifera (Murata 1952, Yonekura and Kajita 2003
onwards). Fukuoka and Kurosaki (1982) noticed distribution of each taxon does not
overlap and clarified that the distribution of var. crenata on the Japan Sea side of Cen-
tral to Northern Honshu, var. stolonifera on the Pacific side of Central Honshu, var.
lutescens around the Suzuka Mountain range (Mie Pref., W Honshu), and the disjunc-
tive distribution of var. intermedia in the Kanto (E Honshu) and Kinki regions (W
Honshu) based on herbarium works.

Takano and Okada (2011) conducted molecular phylogenetic analyses of Japa-
nese Salvia and found that the species were distributed among three subclades: (1)
S. plebeia (subg. Sclarea), (2) subg. Salvia, and (3) subg. Allagospadonopsis. They also
found four varieties of S. /utescens that did not form a monophyletic group; instead,
they were dispersed among several clades in phylogenetic trees, based on both plastid
DNA (cpDNA) and nuclear ribosomal DNA (nrDNA) data, and their topologies
were not concordant with each other. In addition, they became paraphyletic in the
phylogenetic trees based on combined cpCNA and nrDNA data (Takano and Okada
2011). Furthermore, during a recent field survey, I noticed that S. lutescens var. inter-
media in the Kanto and Kinki regions had different morphological characteristics. The
basal part of the anther connective was generally glabrous in the Kanto population,
but it was pilose in the Kinki population. Also, in the Kanto population, the stalk of
the inflorescence declinated toward the ground after flowering, and it typically became
proliferous; in contrast, in the Kinki population, the inflorescence grew erect, and it
was never proliferous.

Recently, a new species of Japanese Salvia, S. akiensis A. Takano, T.Sera et Kurosa-
ki has been described from Shimane and Hiroshima Prefectures (Takano et al. 2014).
At the moment, this species shows disjunctive distribution, ca. 40 km away from each,
and the habitat is also very different between Hiroshima and Shimane: it grows among
bamboo by roadsides and on slopes below evergreen mixed forests and plantations in
Shimane (Sakoda et al. 2014), but it is found in moist, shallow soil on rock walls by
streams in deciduous forests in Hiroshima (Takano et al. 2014). Therefore, it may
wonder if the species be monophyletic. Takano et al. (2014) discussed relationships
among S. akiensis, S. isensis Nakai ex H.Hara, S. lutescens and S. omerocalyx Hayata
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based on morphological characters, but molecular phylogenetic position of S. akiensis
remains unclear.

As a step toward taxonomic revision of variety of S. lutescens and to confirm mono-
phyly and phylogenetic position of S. akiensis, morphological and molecular phyloge-
netic analyses were conducted. Takano and Okada (2011) followed the Murata and
Yamazaki (1993) system in which treated var. intermedia as a forma f. lobatocrenata
and var. lutescens as f. lutescens, however, here I follow the Murata (1952) system (=Y-
list, Yonekura and Kajita 2003 onwards), and each infraspecific taxon of S. lutescens is
treated as a variety.

Materials and methods

Morphological analyses on S.lutescens in herbaria

Murata (1952) studied morphological variations in the plants of subgen.
Allagospadonopsis in Japan and found hairiness, number or shape of leaflets, presence
/absence of glandular hairs were so variable and could not be used as diagnostic
characters. Diagnostic characters separated each variety of S. lutescens are indumen-
tums of the basal part of the anther connective and floral color (Nakai 1950, Mu-
rata 1952). Among varieties, var. lutescens shows pale yellow flowers and pilose at the
base of anther connective, var. intermedia shows deep violet corolla and pilose at the
base of anther connective, var. crenata does purple corolla and glabrous base of anther
connective. Floral color and indumentums of var. swolonifera is same as var. crenata,
however, var. stolonifera extends its stolon after anthesis (Nakai 1950). Since it is dif-
ficult to know exact floral color by examining dry specimens, the indumentums at
the base of the anther connective were observed for glabrousity in selected specimens,
which bore at least several flowers. A total of 89 specimens of S. lutescens var. interme-
dia, including its syntypes, of the 34 specimens are from Kanto region and 55 from
Kinki, were examined in the following herbaria: the Museum of Nature and Human
Activities, Hyogo (HYO); the Kanagawa Prefectural Museum (KPM); Kyoto Univer-
sity (KYO); Tokyo Metropolitan University (MAK), the Osaka Museum of Natural
History (OSA), and The University of Tokyo (TI) (Appendix 1). Additionally, all the
specimens of S. lutescens var. lutescens including its holotype at KYO were examined on
the same characters, since no information on that character is available.

DNA extraction, PCR, and DNA sequencing

The protocols for DNA extraction, polymerase chain reaction (PCR), purification, and
DNA sequencing were described previously by Takano and Okada (2011). The PCR
conditions and the PCR and sequencing primers for rbcL, the #rnL-F intergenic spacer
region of cpDNA (#7nL-F), and the internal transcribed spacer (ITS) region of nuclear



90 Atsuko Takano / PhytoKeys 80: 87-104 (2017)

ribosomal DNA (nrDNA) were also described previously by Takano and Okada
(2011). To amplify in the ycfI-rps15 spacer region found in cpDNA (ycfI-rpsi5),
5711f and rps15r (both from Drew and Sytsma 2011) were used as PCR primers in
PCR assays, and ETS-4dfI (Drew and Sytsma 2011) and 18S-E (Baldwin and Markos
1998) were used to amplify the external transcribed spacer (ETS) sequence from
185-26S ribosomal DNA. The four PCR primers were also used for sequencing. The
PCR conditions for amplifying the two loci were: denaturation at 95 °C for 3 min,
followed by 40 cycles at 95 °C for 30 s, 54 °C for 30 s, and 72 °C for 30 s; and a final

extension at 72 °C for 5 min.

Sequence alignment and phylogenetic analysis

Raw sequence data were assembled and edited manually, with BioEdit software (ver.
7.2.5 Hall 1999)

DNA sequences were aligned with the CLUSTALW 1.83 software package, with
default settings and multiple alignments (Thompson et al. 1994). Alignments of the
rbcL, trnL-F, and ycfl-rps15 sequences of cpDNA, and the ITS and ETS sequences of
nrDNA were combined. Gaps were deleted.

Compared to Takano and Okada (2011), the ETS (Baldwin and Markos 1998)
and ycfl-rps15 of cpDNA (Dong et al. 2015) were newly sequenced for all samples.
Further, two individuals of S. akiensis and three of S. lutescens var. intermedia, three of S.
lutescens var. crenata, and one each of S. isensis, S. japonica var. japonica, S. lutescens var.
lutescens, and S. plebeia were newly added for the analysis. The sampling sites of S. /uzes-
cens group were shown in Fig. 1. A total of 36 individuals of Salvia were used, including
all the Salvia taxa from Japan and one Taiwanese Salvia (S. arisanensis Hayata). Salvia
polystachya M. Martens et Galeotti and S. plebeia were selected as outgroup; the former
species belonged to clade II sensu Maria and Classen-Bockhoff (2014), which became a
sister to group IV and contained the East Asian Sa/via; the latter species became a sister
to a species of the subgenus Allagospadonopsis and Salvia (Hu 2015). Materials, acces-
sion numbers for the sequences, vouchers, and references to the literature are presented
in Table 1. The sampling sites for the varieties of S. lutescens are shown in Fig. 1.

The incongruence length difference (ILD) test (Farris et al. 1994) was used to
evaluate congruence between the chloroplast and the nuclear data sets. 100 replications
were performed using PAUP*4.010b (Swofford 2002). As the ILD test (P < 0.01)
suggested incongruence between the two datasets, and the topologies also exhibited
discordance, I performed separate analyses for the cpDNA and the nrDNA dara.
Maximum Likelihood (ML) and Bayesian inference (BI) were used. Nucleotide substi-
tution model parameters were determined for each partition by gene was evaluated with
KAKUSAN 4.0 (Tanabe 2007), and the corrected Akaike information criterion (AICc)
(Sugiura 1978) was used for model selection. For the cpDNA partitions KAKUSAN
suggested the HKY85 (r6cL) and GTR+G (trnL-F, ycfl-rps15spacer) models, and the
HKY85 model for ETS and GTR+G model for ITS for the ntDNA partitions. The ML
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Figure |. Map of Japan shows the sites where Salvia lutescens taxa were sampled. Open circle = var.

crenata, filled circle = var. intermedia, open square = var. lutescens, filled square = var. stolonifera. The areas
encircled with dotted lines show the Kinki and Kanto regions, as indicated.

analyses were completed using TREEFINDER version March 2011 (Jobb et al. 2004).
A replicated (500 iterations) partitioned analysis was performed with bootstrap (1000
rounds) using AICc separated model for ntDNA dataset and AICc proportional model
for cpDNA dataset. Bayesian evolutionary analysis using partitioned datasets were
run in BEAST v.1.8.3 (Drummond et al. 2012, Heled and Drummond 2010) with
20 million Markov Chain Monte Carlo (MCMC) iterations, under an uncorrelated
relaxed clock (Drummond et al. 2006), Yule process of speciation with a random
starting tree for each partition. Convergence of the chains was checked using the
program Tracer 1.6 (Rambaut et al. 2014). High effective sample sizes were observed
for all parameters (posterior ESS values > 200 for the combined analyses). Maximum
clade credibility trees with divergence times means and 95% highest probability
densities (HPDs) were produced using Tree Annotator (Drummond et al.2012).

Results

Morphological characteristics

Among the 89 specimens of S. /utescens var. intermedia examined, 52 specimens from
the Kinki region were pilose at the base of the anther connective (Fig. 2), and no speci-
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Figure 2. Photographs of S. lutescens var. intermedia flowers. a Flower of A. Takano 140806-4-2 (HYO),
from Mt. Mikuni, Susono-shi, Shizuoka Pref. (Kanto region). Arrows indicate the base of the anther connec-
tive. No hairs are visible b Flower of A. Takano 140813-1 (HYO), from Mt. Yamatokatsuragi, Gose-shi, Nara
Pref. (Kinki region). The red open circle indicates the base of the anther connective. White hairs are visible.

mens from the Kanto region shared this characteristic (Appendix 1). Ten specimens
collected from the Kanto region had at least one, but less than 10 hairs. Twenty-four
specimens from the Kanto region (Fig. 2) and three specimens from the Kinki region
(Y Kato s.n. [KYO], T.Kobayashi 23369 [KYO], and A. Takano 140821-1 [HYO]) were
glabrous at the base of the anther connective. However, a duplicate of 7'Kobayashi
23369 (KYO) examined at HYO was pilose at the base of the anther connective (Ap-
pendix 1).

Totally, 18 specimens of S. lutescens var. lutescens were deposited at KYO and
examined, 13 of these had pilose at the base of the anther connective (Appendix 1).
Four of these had no flowers, and only one specimen, M. Hara s.n., collected from Mt.
Takami, Maze-Mura, Iinan-gun, Mie Pref. showed glabrousity.

Phylogenetic positions of Japanese taxa in the genus Salvia

A likelihood analysis using the concatenate cpDNA datasets (rbcL+trnL-FrycfI-rps15
spacer) for 36 individuals in 23 taxa resulted in a ML tree with —InL = 5295.264. The
ML and Bayesian trees had similar topology; the Bayesian maximum clade credibility
tree is shown with ML bootstrap (ML-BS) and Bayesian posterior probability (BI-PP)
in Figure 4. The Japanese and Taiwanese species of subg. Allagospadonopsis formed
a well supported clade (ML-BS/BI-PP, 100/0.97). Two subclades were found in the
subg. Allagospadonopsis clade: (1) S. japonica + S. pygmaea + one S. akiensis + S. arisan-
ensis + five individuals of S. lutescens in E Japan subclade, and (2) one S. akiensis (S1),
two S. isensis, S. lutescens in Kinki + S. ranzaniana + two S. lutescens in the Kanto region
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+ S. omerocalyx. The latter group of taxa, minus the S. omerocalyx (HYO), consisted of a
strongly supported subclade, with high ML-BS/BI-PP values (98/0.99). S. lutescens in
E Japan were scattered between both subclades, but the S. lutescens in the Kinki region
consisted a cluster with the weak support (--/0.70).

A concatenate ntDNA datasets (ETS+ITS) yielded a ML tree with —InL =
3789.114. The ML and Bayesian trees had similar topology; the Bayesian maximum
clade credibility tree is shown with ML-BS and BI-PP in Figure 5. The Japanese and
Taiwanese species of subg. Allagospadonopsis formed a well supported clade (ML-BS/
BI-PP, 100/1.00). There were four subclades in the Allagospadonopsis clade: (1) S. lute-
scens group in E Japan + S. isensis (ML-BS/BI-PP, --/0.69), (2) S. lutescens in Kinki +
S. ranzaniana (ML-BS/BI-PP, 61/0.57), (3) S. arisanensis + S. omerocalyx + S. akien-
sis (ML-BS/BA-PP, 76/0.99), and (4) one S. lutescens var. crenata + S. japonica + S.
pygmaea (ML-BS/BA-PP, 58/0.97). Thus, Salvia lutescens and its allies apparently be-
came polyphyletic. Salvia ranzaniana became a sister group to S. lutescens in the Kinki
region but the ML-BS /BA-PP support was weak (61/0.57). Salvia isensis became a
sister group to S. /utescens in the Kanto region with strong ML-BS/BA-PP support
(86/1.00). Salvia akiensis formed a strongly supported subclade with S. omerocalyx
group (89/1.00).
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Discussion

This study suggests that S. lutescens var. intermedia is polyphyletic. Four individuals of
var. intermedia, two from the Kanto and two from the Kinki region fell into different
subclades in both molecular phylogenetic trees using cpDNA and nrDNA datasets,
although the two from the Kinki region were always in the same subclade (Figs 4, 5).
The plants of var. intermedia from the Kanto region (Tanzawa and Mt.Mikuni) fell
into the same subclade in the ntDNA tree together with var. crenata, var. stolonifera,
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and S. isensis whereas they fell into different subclades in the cpDNA tree. Such a
contradiction might indicate that var. intermedia from the Kanto region have multiple
origins, or might have originated via hybridization or introgressive gene flow between
nighbouring taxa (e.g., Sudarmono and Okada 2007). The discordance between nr
DNA and cpDNA data is common in the mint family (Trusty et al. 2004, Moon et
al. 2010, Drew and Sytsma 2013, Deng et al. 2015), and chloroplast-based phylogeny
often does not reflect their morphological relationships, which can be explained by
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chloroplast capture (Rieseberg and Soltis 1991). Morphological analysis also supports
the contention that var. intermedia is polyphyletic, as the specimens of var. intermedia
studied showed in the indumentums at the base of the anther connective: pilose in
the plants from the Kinki region, and glabrous in the plants from the Kanto region
(Fig. 3).Therefore it is clear that var. intermedia from the Kinki region and the taxon
from the Kanto region are different entities, suggesting that var. intermedia is not a
taxon that shows disjunctive distribution, but is instead admixture of two or more
biological entities. Additionally, as mentioned in introduction, after flowering the
stalk of the inflorescence becomes declinate to ground and usually proliferous in case
of the plants from the Kanto region, but never become declinate in the plants from
the Kinki region. The indumentums at the base of anther connective is effective to
select pollinators to avoid intrusion of insects which could not be effective pollinators
(R.Classen-Bockhoff pers. Comm..) However, pollinators of var. intermedia in the
Kinki and the Kanto region are not different (=Bombus (Diversobombus) diversus di-
versus, some Halictidae, and Syrphidae. Takano 2017). Habitat is also similar: half-
shaded, on mesic soils along streamlet on the forest floor of deciduous forests. They
might have begun to be diverged from each other after long geographical isolation.

On the contrary, present morphological and molecular phylogenetic analyses
indicated that S. lutescens var. lutescens and var. intermedia from the Kinki region are
closely related to each other. In molecular phylogenetic analysis, they formed a cluster
in both cpDNA- and nrDNA trees, though ML-BP/BI-PP support was not strong in
cpDNA tree. The morphological study revealed var. /utescens is pilose at the base of the
anther connective: therefore, S. lutescens var. intermedia in the Kinki region share the
same morphological status with var. lutescens. The distribution of var. futescens is very
near to that of var. intermedia in the Kinki region (Mie, Shiga, Nara Prefs.), although
var. lutescens and populations of the Kinki regions of var. intermedia have never been
found to grow together.

Salvia lutescens var. intermedia in the Kanto region may be more closely related to var.
crenata and var. stolonifera. Murata (1952) mentioned that the base of anther connective is
glabrous in var. stolonifera and var. crenata. The present study revealed that var. intermedia
in the Kanto region shares this character with those two taxa. Salvia lutescensvar. intermedia
in the Kanto region formed a strongly supported sucblade with var. crenata, var. stolonifera
and S. isensis in ntDNA phylogenetic tree. In the cpDNA phylogenetic tree, S./lutescens
var.intermedia from the Kanto region (Mt.Mikuni) was included in the subclade containg
S. akiensis, S. japonica, S. lutescens var. crenata, and S. pygmaea whereas S. lutescens var.
intermedia (Tanzawa) formed a subclade with var. swlonifera and was included in the
subclade containing S. akiensis, S. omerocalyx, S. ranzaniana, and S.lutescens var. intermedia
from the Kinki + S. isensis. These findings suggest a close relationship among var. crenata,
var. stolonifera, and var. intermedia from the Kanto region. Var. intermedia from the Kanto
region may belong to var. szolonifera and var. crenata. The identity of var. intermedia and
other varieties of S. /utescens are needed to be re-evaluated, and further study is necessary
towards revision of varieties of S. lutescens.
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The phylogenetic analyses also suggest that S. akiensis comprises a monophyletic
group, as indicated by nrDNA tree, and that most of the species allied to S. akiensis was
the S. omerocalyx group. Salvia akiensis and S. omerocalyx group comprised a subclade in
nrDNA (ML-BS/BI-PP: 89/1.00). These two taxa did not form a subclade in cpDNA,
but it may be of introgression/chloroplast capture /hybridization as mentioned above.
In contrast, S. akiensis and S. omerocalyx share following characters: bearing the largest
flowers among species in the subg. Allagospadonopsis, flower from May to June, and
exhibit gynodioecy (Takano 2013; Takano et al. 2014). These characters are assumed
to be symapomorph.

Acknowledgements

I am grateful to Teruo Katsuyama (KPM), Nobuhira Kurosaki (Hyogo Museum/ Uni-
versity of Hyogo), Masahiro Sakoda (Chugai Technos Co.), Tetsuya Sera (Hiroshima
City Agricultural Committee Secretariat), and Sachiko Nishida (Nagoya Univ.) for
providing plant materials, references, and information. Dr. Hiroshi Okada (University
of Hyogo), and anonymous reviewers provided constructive comments on an early
draft of the manuscript. I also thank the curators of KPM, KYO, MAK, OSA, and
TI, for allowing me to use their collections and facilities. This study was supported,
in part, by the New Technology Development Foundation and by a Grant-in-Aid for
Scientific Research (C) (no. 26440227) from the Japan Society for the Promotion of
Science (JSPS).

References

Alziar G (1988-1993) Catalogue synonymique des Safvia L. du monde (Lamiaceae). I.-VI. Bio-
cosme Mesogéen 5(3-4): 87-136; 6(1-2, 4): 79-115, 163-204; 7(1-2): 59-109; 9(2-3):
413-497; 10(3-4): 33-117.

Baldwin B, Markos S (1998) Phylogenetic utility of the external transcribed spacers (ETS) of
18S-26S rDNA: congruence of ETS and ITS trees of Calycadenia (Compositae). Molecu-
lar Phylogeny and Evolution 10: 449—463. https://doi.org/10.1006/mpev.1998.0545

Deng T, Nie Z-L, Drew BT, Volis S, Kim C, Xiang C-L, Zhang J-W, Wang Y-H, Sun H
(2015) Does the Arcto-Tertiary biogeographic hypothesis explain the disjunct distribution
of northern hemisphere herbaceous plants? The case of Meehania (Lamiaceae). Plos One.
https://doi.org/10.1371/journal.pone.0117171

Dong W, Xu C, Li C, Sun ], Zuo Y, Shi S, Cheng T, Guo J, Zhou, S (2015) ycfl, the most
promising plastid DNA barcode of land plants. Scientific Reports 5: 8348. https://doi.
org/10.1038/srep08348

Doyle JJ, Doyle D (1987) A rapid DNA isolation procedure for small quantities of fresh leaf
tissue. Phytochemical Bulletin 19: 11-15.



100 Atsuko Takano / PhytoKeys 80: 87-104 (2017)

Drew BT, Sytsma KJ (2011) Testing the monophyly and placement of Lepechinia in
the tribe Mentheae (Lamiaceae). Systematic Botany 36: 1038-1049. https://doi.
org/10.1600/036364411X605047

Drew BT, Sytsma K] (2013) The South American radiation of Lepechinia (Lamiaceae):
phylogenetics, divergence times and evolution of dioecy. Botanical Journal of the Linnean
Society 171(1): 171-190. https://doi.org/10.1111/j.1095-8339.2012.01325.x

Drummond AJ, Ho SY, Phillips MJ, Rambaut A (2006) Relaxed phylogenetics and dating with
confidence. PLoS Biology 4: ¢88. https://doi.org/10.1371/jounal.pbio.0040088

Drummond A]J, Suchard MA, Xie D, Rambaut A (2012) Bayesian phylogenetics with BEAU-
ti and the BEAST 1.7 Molecular Biology and Evolution 29: 1969-1973. https://doi.
org/10.1093/molbev/mss075

Farris ]S, Killersjé M, Kluge AG, Bult C (1994) Testing significance of incongruence. Cladistics
10: 315-319. https://doi.org/10.1111/j.1096-0031.1994.tb00181.x

Fukuoka N, Kurosaki N (1982) Phytogeographical notes on some species of Western Honshu,
Japan 3. Shoei Junior College Annual Report of Studies 14: 29-34. [In Japanese]

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis pro-
gram for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98. http://brown-
lab.mbio.ncsu.edu/JWB/papers/1999Hall1.pdf

Heled ], Drummond AD (2010) Bayesian inference of species trees from multilocus data.
Molecular Biology and Evolution 27: 570-580. https://doi.org/10.1093/molbev/msp274

Hihara S, Iwatsubo Y, Naruhashi N (2001) A new natural hybrid of Sa/via (Lamiaceae) from
Japan, Salvia x sakuensis. Journal of Phytogeography and Taxonomy 49: 163-170.

Hu, G (2015) Phylogeny of Salvia (Lamiaceae) in East Asia. A Doctoral Dissertation, Kunming
Institute of Botany, Chinese Academy of Sciences.

Inoue K (1997) Salvia L. In: Shimizu T(Ed.) Flora of Nagano Prefecture, 939-941. [In Japanese]

Jobb G, von Haeseier A, Strimmer K (2004) TREEFINDER: a powerful graphical analysis
environment for molecular phylogenetics. BMC Evolutionary Biology 4: 18. https://doi.
org/10.1186/1471-2148-4-18

Moon HK, Smets E, Huysmans S (2010) Phylogeny of tribe Mentheae (Lamiaceae): The story
of molecules and micromorphological characters. Taxon 56(1): 74-88.

Murata G (1952) Salvia subgen. Allagospadonopsis of Japan and Formosa. Acta Phytotaxo-
nomica et Geobotanica 16: 184-190. [In Japanese]

Murata G, Yamazaki T (1993) Salvia L. In: Iwatsuki K, Yamazaki T, Boufford DE, Ohba H
(Eds) Flora of Japan IIla, Kodansha, 302-307.

Nakai G (1950) On Salvia japonica and S. lutescens. Acta Phytotaxonomica et Geobotanica 14:
63-66. [In Japanese]

Rambaut A, Suchard MA, Xie D, Drummond AJ (2014) Tracer v1.6, Available from hetp://
beast.bio.ed.ac.uk/Tracer

Rieseberg LH, Soltis DE (1991) Phylogenetic consequences of cytoplasmic gene flow in plants.
Evolutionary Trends in Plants 5: 65-84.

Sakoda M, Noriyuki M, Sato K (2014) Notes on the species of subgenus Allagospadonopsis Briq.
(Lamiaceae) and the habitat in Shimane Prefecture. Bunrui 14(1): 65-68. [In Japanese]



Taxonomic study on Japanese Sa/via (Lamiaceae): Phylogenetic position of S. akiensis... 101

Sudarmono, Okada H (2007) Speciation process of Salvia isensis (Lamiaceae), a species en-
demic to serpentine areas in the Ise-Tokai district, Japan, from the viewpoint of the contra-
dictory phylogenetic trees generated from chloroplast and nuclear DNA. Journal of Plant
Research 120: 483-490. https://doi.org/10.1007/s10265-007-0075-2

Sugiura N (1978) Further analysis of the data by Akaike’s information criterion and the finite
corrections, Communications in Statistics: Theory and Methods, A7: 13-26. https://doi.
org/10.1080/03610927808827599

Swofford DL (2002) PAUP*. Phylogenetic analysis using parsimony (*and other methods),
version 4.0b10.Sunderland, Massachusetts: Sinauer Associates. http://www.paup.sc.fsu.edu/

Takano A, Okada H (2011) Phylogenetic relationships among subgenera, species, and varieties
of Japanese Salvia L. (Lamiaceae). Journal of Plant Research 124: 245-252. https://doi.
org/10.1007/s10265-010-0367-9

Takano A (2013) Gynodioecy in Salvia omerocalyx Hayata (Lamiaceae). Acta Phytotaxonomica
et Geobotanica 63: 149-153.

Takano A, Sera T, Kurosaki N (2014) A new species of Salvia (Lamiaceae) from Chugoku
district, Japan, Salvia akiensis sp. nov.. Acta Phytotaxonomica et Geobotanica 65: 99-104.

Takano A (2017) Flower visitors on Japanese Salvia. In: Proceedings of the 16 annual meeting
of the Japanese Society for Plant Systematics. Kyoto, Japan, 80 pp. [In Japanese]

Tanabe AS (2007) Kakusan: a computer program to automate the selection of a nucleotide
substitution model and the configuration of a mixed model on multilocus data. Molecular
Ecology Notes 7: 962-964. https://doi.org/10.1111/j.1471-8286.2007.01807 .x

Thompson D, Higgins DG, Gibson TJ (1994) CLUSTALW: improving the sensitivity of
progressive multiple sequence alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Research 22: 4673-4680. PMCID:
PMC308517

Thunberg C P (1784) Salvia japonica. In: Murray JA (ed) Caroli a Linné equitis Systema vege-
tabilium: secundum classes ordines genera species cum characteribus et differentiis. 14: 72.

Trusty JL, Olmstead RG, Bogler D], Santos-Guerra A, Francisco-Ortega ] (2004) Using
molecular data to test a biogeographic connection of the macaronesian genus Bystropogon
(Lamiaceae) to the New World: A case of conflicting phylogenies. Systematic Botany 29:
702-715. https://doi.org/10.1600/0363644041744347

Will M, Classen-Bockhoff R (2014) Why Africa matters: evolution of Old world Salvia
(Lamiaceae) in Africa. Annals of Botany 114: 61-83. https://doi.org/10.1093/a0b/mcu081

Yonekura K, Kajita T (2003) BG plants Y-list. htep://ylist.info



102 Atsuko Takano / PhytoKeys 80: 87-104 (2017)

Appendix |

Specimens examined Salvia lutescens var. intermedia. And var. lutescens.
Salvia lutescens var. intermedia
Specimens glabrous at base of anther connective (27 sheets)

KANTO Region. Yamagata Pref.: Mt. Kushigata, S.Kigawa s.n., July 10, 2001 (KPM
NAO0151444, NAOI15445). Ibaragi Pref.: Tsukuba, C.Owatari s.n., July 8, 1895 (syn-
type, T1); Ibidem, C.Owatari s.n., July 25, 1895 (syntype, TI). Gunma Pref.: Mt.
Akagi, H.Hara s.n., July 12, 1928 (TI); Akagi, Shikisimadori, Chubu, H.Hara s.n.,
11 July 1928 (TI), Kouzuke, Tone, Yunogoya-daira, H.Hara s.n., 13 July, 1928(TI);
Joshu, Tone-gun, Tokura, S.Saito 145 (T1). Kanagawa Pref.: Hakone, S.Obkubo s.n.,
July 26, 1881 (syntype T1); Ibidem, unknown collector, July 26, 1881 (syntype, TI);
ibidem, S.7amaki s.n., July 14, 1914 (TI); Minami pass, Hakone, 7"Makino 62582
(KYO); Yoduku, Yamakita-cho, 7" Katsuyama et al., July 23, 2005 (KPM NA0124794);
Mikuniyama-rindo, Hakone, /noue et al., June 18, 1998 (KPM NA0112995); Tan-
zawa-Ohyama, 7'Nishio 1489 (KPM); Summit of Mt. Kintoki, Hakone, S.Kigawa
s.n., July 3, 1980 (KPM NA1020531); Ishigoya-Ochiai, Kiyokawa-mura, H. Takahashi
20563 (KPM); Ishigoya-Ochiai, Kiyokawa-mura, H. Zakahashi 20565 (KPM); Mine-
saka Pass to Myojin Pass, Yamakita-cho, S.Mori 20536 (KPM); Kaminokawa, Tsukui-
machi, S.Kigawa 20559 (KPM); Kurokura, Yamakita-machi, M. Furuse 45371 (KPM);
Ogawadani, Yamakita-cho, A. Takano 140622-2 (HYO). Shizuoka Pref.: Mt.Mikuni,
Fukayoshi, Susono-shi, A. 7akano 140806-4-1 (HYO); ibidem, A. Takano 140806-4-2
(HYO).

KINKI Region. Nara Pref.; Yoshino, Yamato, Y Kato s.n., Aug. 8. 1936 (KYO).
Hyogo Pref.: Taki-gun, Nishiki-cho, 7" Kobayashi 23369 (KYO). Shiga Pref.: Ikadachi-
tochu, A. Takano 140821-1 (HYO).

Specimens showed one to several hairs at base of anther connective (10 sheets)

KANTO Region. Pref.Sizuoka: Mt. Higane, Prov. Izu, S. Shimazu s.n., July 18,
1920(KPM);

Pref.Kanagawa: Sirogane rindo, Yugawara-cho, ¥ Hasegawa 14263 (KPM); Oga-
wadani-rindo, Yamakita-cho, 7'Kassuyama s.n., Aug. 22, 1995 (KPM NA0100397);
Marudake, Hakone, M. Tashiro s.n.,July 18, 1956 (KPM NA0157166); Tounomine,
Hakone, 7"Deguchi 80495 (KPM); Tougadake, Yamakita-cho, S.Kigawa s.n., July 3,
1980 (KPM NA1020531); Ishigoya-Ochiai, Kiyokawa-mura, H.7akahashi 20564
(KPM), Mt.Ohmuro, Tsukui-machi, 8. Kigawas.n., June 10, 1979 (KPM NA1020566);
Hayatogawa Rindo, Tsukui-machi, S.Kigawa 20541 (KPM), Youkizawa, Yamakita-
machi, S.Kigawa 20567 (KPM).
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Specimens which showed long pilose at base of anther connective (52 sheets)

KINKI Region. Kyoto Pref.: Rakuhoku, Ohara, Otonashi W.E, S.Hajacava s.n., Aug.
1896 (TI), Kyoto, Ohara, 7. Tsuyama s.n., Sep.7, 1934 (T1); Kiyotaki-Takao, Ukyo-ku,
Kyoto, S. Tiugaru & T Takabashi 26448 (KYO); Mt.Hyotankuzure-yama, near Ohara,
G.Nakai 5401 (KYO); ibidem, G.Nakai s.n., July 25, 1951 (KYO); Kadono-gun, Naka-
gawa-mura, M. Tagawa 887 (KYO, two sheets); Maesaka Takanomine to Shimosugisaka,
S.Okamoto s.n., July 14, 1932 (KYO), Bodai W.E, Nakagawa, G.Nakai 6305 (KYO);
Mt. Kibune, unknown collector, June 28, 1921 (KYO); Kyoto-shi, Nakagawa to Bodai
no Taki, M. Hutoh 10515 (OSA); ibidem, M.Hutoh 9264 (OSA); ibidem, M.Hutoh
10528 (OSA); ibidem, M. Hutoh 3465 (OSA); Mt.Hiei-san, S. Tanaka s.n., June 30,1932
(OSA). Hyogo Pref.: Taki-gun, Nishiki-cho, 7'Kobayashi 23369 (HYO); Youtakuji,
Sanda, 7"Makino 62583 (KYO); Moshi, Sanda, A. Takano 140813-1 (HYO). Nara Pref.:
Yamato, Sanjo-ga-dake to Gyojagaeri, Y. Momiyama s.n., July 16, 1955(T1) (three sheets),
Ibidem, H.Hara s.n., July 16, 1955 (TI) ; ibidem, 7"Kobayashi 30611 (OSA); near the
temple Kongo, Kashiwagi, Yamato, K. Kondo s.n., June 8, 1928 (TI); Kosei River, Ten-
kawa Village, K Seto 44248 (OSA); Mt. Omine to Mt.Sanjogadake, H. Hara 4683 (T1);
en route from Wasamata hut to Mt.Nihon-dake, Kamikitayama-mura, M.Okamoto
1966 (OSA); Mt.Daifugendake, 7"Kodama 10833 (OSA); Shonoiwaya-Mt.Wasamata
Kamikitayama-mura, K Kodama 14356 (OSA); Irinami, Yamato, S.Sakaguchi s.n., June,
1930 (KYO); Mt.Ohmine, S.Sakaguchi s.n., Aug. 4,1931 (KYO); enroute from Mt.Sanjo
to Mt.Daihugen, 7'Kodama s.n., Aug.6,1959 (KYO); Mt.Sanjo, G.Koizumi s.n., July
13, 1922 (KYO); Mt.Yamatokatsuragi, Gose, A. Takano 140819-1 (HYO). Osaka Pref.:
MtIzumi-katsuragi, S.Nakanishi s.n., July 30, 1968 (OSA); Ibidem, 7'Nakajima s.n.,
Aug.21, 1952 (OSA); Ibidem, C.Satonaka s.n., July 12, 1981 (OSA). Wakayama Pref.:
Ryujin-Mura, Koya, 7. Nakajima s.n., July 31, 1931 (two sheets, TI); Doro Hacho,
G.Nakai 5213 (KYO); Ibidem, 7'Kodama s.n., May 30, 1951 (OSA); ibidem, M. Hori
s.n., May 30, 1951 (OSA); Hidaga-gun, Ooze, S.Sakaguchi s.n., July 27,1932 (KYO);
Mt. Sukuyama, Katsuragi-cho, Ito-gun, K .Seto 29839 (KYO, OSA); Mt. Kurosawa,
Sayiki-mura, ¥ Ogawa s.n., Aug.30, 1950 (KYO). Shiga Pref.: Owsu, V. Takemura s.n.,
June 1901 (Lectotype MAK); Omi, Tochu, M. Togashi 1205 (T1); Tochu to Ikadachi,
M.Umebayashi 737 (KYO); Mt. Hiei, G.Murata 11415 (KYO); Ukawa, Shiga-cho,
M. Tanimoto s.n., June 9, 1973 (KYO); Benzaiten to Sakamoto, Mt.Hiei, S. Tznaka s.n.,
June 30, 1932 (KYO). Mie Pref.: Wada, Kiwa-cho, Minami-murogun, H. 1akahashi
21040 (KYO); Taki-gun, Miyagawa-mura, Shimomate (cult.), K Sezo 17303 (OSA).

Salvia lutescens var. lutescens

Specimens which showed long pilose at base of anther connective (13 sheets)

Mie Pref.: Itaya, Kata, Kameyama, S. Tiugaru & T.Sawada 34155(KYO); Notoyama,
Suzuka-gun, 7'Hattori s.n., Aug. 5, 1928 (KYO); Kozu-mura, Naga-gun, G.Nakai
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4772 (KYO);Shinzan kokuyu-rin, linan-gun, Z. Tashiro s.n., 4.Aug., 1934 (KYO),
Mt. Gozaisyo, G.Koizumi s.n., 11 Jun. 1922 (KYO); Kozu-mura, Myouga-gun, (cult.
at KYO) G.Nakai 5402 (KYO); Ibidem, G.Nakai 4773 (KYO); Nagaishi-dani, Mt.
Kamagadake, Komono-cho, Mie-gun, V. Fukuoka 4948 (KYO); Onsen-do, Mt. Go-
zaisho, G.K. & S.F s.n., June 1922 (KYO, holotype).

Shiga Pref.: Nasugahara, Ohara-Mura, Kouga gun, G.Koizumi s.n., 2 July, 1939
(KYO), Kurotaki, Tsuchiyama-cho, Koga-gun, 7. Murase 47897 (KYO); Koga-gun,
Suzuka-Pass, H. Koyama & N. Fukuoka 55 (KYO); Nara Pref.: Kamide, Momomata,
Mitsue-mura, Uda-gun, K. Kawabata 9994 (KYO)
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Abstract
A new species of Hoya R.Br. from Mindanao (Philippines), Hoya migueldavidii Cabactulan, Rodda &
Pimentel, is described and illustrated. It is a member of Hoya section Acanthostemma (Blume) Kloppenb.
that is particularly speciose in the Philippines.

It is compared with the similar Hoya loheri Kloppenb, also endemic of the Philippines, from which
it differs in indumentum of the vegetative parts (pubescent vs. glabrous), the shape of the corolla (almost

spherical vs. partly flattened) and the type of gynostegium (not stipitate vs. stipitate)

Keywords
Acanthostemma, Marsdenieae, waxflower

Introduction

Hoya R.Br., with an estimated 350-450 species (Rodda 2015) is the largest genus of
Apocynaceae. The Philippines are, together with Borneo and New Guinea one of the
centres of diversity of the genus. The number of taxon descriptions in the Philippines

Copyright Derek D. Cabactulan et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution,and reproduction in any medium, provided the original author and source are credited.



106 Derek D. Cabactulan et al. | PhytoKeys 80: 105-112 (2017)

have been steadily increased since 2012. Kloppenburg et al. (2012) recorded more than
80 species of Hoya occurring in the Philippines, number that jumped to 104 species
according to Aurigue et al. (2013). At present the Co’s Digital Flora of the Philippines
website (Pelser et al. continuously updated, accessed on 17 March 2017) lists 121 taxa
including species and subspecies. The steep increase in species number is almost en-
tirely due to the establishment of the e-journal Hoya New, where Dale Kloppenburg
started publishing new taxa since 2013 either as sole author or in collaboration with
numerous Philippine botanists and growers.

In comparison to the two other centres of diversity of Hoya, Borneo and New
Guinea, the pattern of species discovery and description in the Philippines is very
different. Borneo, with 72 recorded species (Lamb and Rodda 2016) saw a peak of
species descriptions in the early 2000s mostly due to the work of Dale Kloppenburg
and Ted Green, and more recently a second peak in 2014 and 2015, mostly due to
the work of Lamb et al. (2014) and Rodda, in preparation for the book ‘A Guide to
Hoyas of Borneo’ by Lamb and Rodda (2016). New Guinea has 85 species and one
subspecies (Forster 1996, Simonsson Juhonewe and Rodda 2017), mostly described
in the first half of the last century, the majority of which described by Schlechter
(1913) based on his own collections. Ten species and one subspecies were instead
named following recent intensive fieldwork in New Guinea (Simonsson Juhonewe
and Rodda 2017).

The majority of the recent publications of new Philippine Hoya species are based
on collections from Luzon and several parts and islands in Visayas and fewer from
Mindanao. The first and last authors recently made extensive collections in the island
including several unidentified species. Sterile plants were also collected and brought to
cultivation in the private plant nursery of last author in Bukidnon and are awaiting to
bloom so that they can be studied and identified.

The new species here published is among the first cultivated collections that flow-
ered. It belongs to Hoya section Acanthostemma, that is particularly species-rich in the
Philippines and is characterised by corolla lobes revolute, outer corona lobes bilobed
and pollinaria with broad, spathulate caudicles.

Materials and methods

The description of the new species is based on the observation of the living specimens
collected from the wild and cultivated at the nursery of the last author at Del Monte,
Camp Phillips, Manolo Fortich, Bukidnon. Flowers were dissected and examined un-
der the stereomicroscope and pictures were taken before pressing. Specimens of Hoya
at A, BK, BKE BISH, BM, BRUN, CMUH, FI, G, K, KEP, KUN, HBG, IBSC, L,
M, MO, P, SAN, SAR, SNP, SING, TO, UC, US, W, WRSL and WU herbaria as well
as type images at hteps://plants.jstor.org/ were also studied.
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Species treatment

Hoya migueldavidii Cabactulan, Rodda & Pimentel, sp. nov.
urn:lsid:ipni.org:names:77163235-1
Fig 1,2

Diagnosis. Among Philippine Hoya species similar to Hoya loberi in inflorescence type
(positively geotropic, convex) but separated because Hoya loheri has a flattened, tur-
ban-shaped corolla (vs. almost round in Hoya migueldavidii) and leaves and stems are
entirely glabrous (vs. pubescent in Hoya migueldavidii)

Type. Philippines, Mindanao, Bukidnon, Mount Kitanglad, 11 Aug 2016, R. Pi-
mentel s.n. (CMUH, holotype, sheet number CMUH 827; SING, isotype).

Description. Epiphytic scandent vine rooting along the stems, roozs adventitious
on internodes and just below the nodes; stems slender, terete, 3.0-5.0 mm diameter,
green or maroon, densely strigose, internodes 2.5-9 cm long. Leaf blades fleshy, stiff,
slightly concave, variable in shape, from lanceolate, elliptic-lanceolate to ovate-elliptic,
2-7.5 x 1.80-2.50 cm base rounded, apex obtuse, dark green or maroon, reddish
pigmentation often occurs on the underside of the leaves, margins thickened, vena-
tion pinnate, secondary veins not visible on dry specimens, adaxially and abaxially
papillate-strigose, basal colleters 1-3 at each lamina base, ovoid, 0.15-0.20 mm long
x ¢. 0.15 mm in diameter, dark brown; petiole thickened, terete, 1-2.3 x 0.28-0.30
mm diameter, flattened approaching the lamina base, usually curved, dark green or
maroon, densely strigose. Inflorescences extra-axillary, umbelliform, slightly concave,
up to 25 flowered. Peduncles terete, positively geotropic, 2—-8 cm long, strigose, rachis
up to 3 cm long. Pedicels, terete, 2.50-3.80 cm x 0.70-0.72 mm in diameter, sparsely
strigose, the outer pedicels strongly curved. Calyx lobe triangular, oblong, 0.80-1.3
mm long x 0.80-1.00 mm wide, red, outer surface strigose, inner surface glabrous.
Corolla revolute, 5-5.3 mm diameter, 8.5-9 mm diameter when flattened, red to pink;
corolla lobes reflexed, triangular ovate, 2.6 x 4.6 mm long, apex acute-acuminate, inside
silky-pubescent, tip glabrous, outside glabrous. Gynostegium stipitate; column cylindri-
cal, 0.04 x 0.03 mm diameter; corona staminal, 2.3-3.0 mm high, 4-5 mm in diam-
eter; lobes ovoid-spathulate, 3.0-3.3 x 0.30-0.35 mm wide, inner processes erect above
the anthers, almost linear, red, outer process long bilobed, with basal revolute margins.
Pollinia erect, oblong, 300-320 um long and 115-130 pm wide with a sterile edge
along the outer margin; translator arms c. 60 pm long, each with a rounded projections
c. 60 um diam.; corpusculum oblong 90-110 x 35-50 um. Ovary conical with an acute
tip, c. 1.5 x 0.6 mm at the base, ventricose, glabrous. Fruit and seed not seen.

Etymology. Hoya migueldavidii is named after Dr. Miguel David de Leon, vite-
oretina surgeon and plant and wildlife conservationist.

Distribution and ecology. This new species was only once collected in Mindanao
Island, Philippines but the full distribution is still unknown. It is an epiphytic climber,
growing at about 1000 m in disturbed primary broad leaf forest in full sun to part shade.
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5 mm (A-H)
500 pm (I)

Figure |. Hoya migueldavidii photographed from R. Pimentel s.n. (CMUH) prior to pressing A A single
flower, front view B, € Corolla, side view D Corolla, with removed corona E Revolute margins of the
corolla lobes F Corona, from underneath G, H Pedicel, calyx and ovary I Pollinarium (Photographs by
M.D de Leon)
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2cm (A, B)
2 cm (C, D)

Figure 2. Hoya migueldavidii photographed from R. Pimentel s.n. (CMUH) prior to pressing A Inflores-
cence B Branch C, D leaf (C adaxial surface D abaxial surface). (Photographs by M.D de Leon).
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Figure 3. Hoya loheri photographed from Rodda M MR748 (SING) prior to pressing A Leafy branch

and inflorescence B Inflorescence. (Photographs by M. Rodda)
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Conservation status. The forested area where Hoya migueldavidii was collected is
threatened by habitat destruction due to extensive farming, charcoal production, land
conversion and illegal logging. However, the species is only known from a single collec-
tion and therefore the conservation status is proposed as Data Deficient (DD, IUCN
2016) until more information is known about its area of occurrence.

Notes. The long peduncles, shape of the inflorescences and the slender pedicels
of Hoya migueldavidii are similar to those of Hoya loheri (Fig. 3). The two species
can be separated because of the indumentum of the vegetative parts that are pubes-
cent throughout in H. migueldavidii vs. glabrous in H. loheri; the shape of the corolla
that is revolute and almost spherical in H. migueldavidii and instead revolute yet flat-
tened in H. loheri; the gynostegium is sessile in H. migueldavidii whereas it is stipitate
in H. loheri. Additionally the leaves of H. migueldavidii are similar to those of Hoya
isabelchaniae Rodda & Simonsson from Sulawesi (Indonesia) both in shape, convex
ovate-elliptic (to round in H. isabelchaniae) and in indumentum (pubescent). How-
ever, H. migueldavidii has smaller flowers of c. 7 mm vs. 8-10 mm in diameter in /.
isabelchaniae) and different pubescence of the corolla (finely pubescent vs. setose in H.
isabelchaniae).

Specimens of Hoya loheri examined. Hoya loheri. Philippines, unknown locality,
cultivated in Thailand, Chonburi, Nong Nooch Tropical Garden vouchered on 22
September 2014, M. Rodda MR748 (SING). Luzon, Rizal Province, Paningtingan. 15
March 1915 A. Loher s.n. (UC [UC229373])
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Abstract

Macrosolen bidoupensis Tagane & V.S.Dang, sp. nov. (Loranthaceae) is newly described from Bidoup Nui
Ba National Park in Lam Dong Province, southern Vietnam. The new species is characterized by small
broadly elliptic to circular leaves, sessile to short petioles, slightly cordate to rounded leaf bases, 45 pairs
of lateral veins and a basally green corolla tube. An illustration, a summary of DNA barcoding of the
plastid genes rbcL and matK;, and a key to the species of Macrosolen in Vietnam are provided.

Keywords
Bidoup Nui Ba National Park, DNA barcoding, Loranthaceae, Macrosolen, new species, Vietnam
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Introduction

Macrosolen (Blume) Rchb. is a small parasitic shrub in the family Loranthaceae. The
genus is characterized by being totally glabrous with 6-merous flowers subtended by
one bract and two bracteoles (often connate), reflexed corolla lobes at anthesis, and
4-locular anthers. The genus comprises ca. 40 species widely distributed in tropical
South and Southeast Asia. In Vietnam, it has been recorded by de Loureiro (1790,
as Loranthus), Lecomte (1915, as Elytranthe), Danser (1938) and H6 (2003), and re-
cently a taxonomic revision of Loranthaceae in the country by Han (2014) enumerated
seven species of Macrosolen: M. annamicus Danser, M. avenis Danser, M. bibracteolatus
(Hance) Danser, M. cochinchinensis (Lour.) Tiegh., M. dianthus Danser, M. robinsonii
(Gamble) Danser and M. tricolor (Lecomte) Danser.

During botanical surveys in Bidoup Nui Ba National Park, Lam Dong Province,
southern Vietnam in 2016, we encountered an undescribed species of Macrosolen. We
here describe this new species as Macrosolen bidoupensis Tagane & V.S.Dang, and pro-
vide illustrations, and a key to the species of Macrosolen in Vietnam.

In addition to the morphological examination, DNA sequences are extremely
helpful for delimiting species (Hebert and Gregory 2005, Dick and Webb 2012). We
sequenced two DNA barcode regions of 76cL and matK following the recommenda-
tion of CBOL Plant Working Group (2009).

Materials and methods

Morphological observations

To verify the validity of the new species, we undertook morphological comparisons
to closely related species based on herbarium specimens (ANDA, BKE BO, BRUN,
FU, HN, KYO, SAR, TNS, VNM), specimen images on the web (e.g. JSTOR Glob-
al Plants, http://plants.jstor.org/ and Muséum National d’Histoire Naturelle, http://
www.mnhn.fr/), and consulting the relevant literature (e.g. Barlow 1995, 1997, 2002,
Qiu and Gilbert 2003, H6 2003, Han 2014).

DNA barcoding

DNA amplification and sequencing of portions of the chloroplast genes rbcL and marK
followed established protocols (Kress et al. 2009, Dunning and Savolainen 2010) as in
Toyama et al. (2015).
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Taxonomy

Macrosolen bidoupensis Tagane & V.S.Dang, sp. nov.
urn:lsid:ipni.org:names:77163237-1
Figures 1, 2

Diagnosis. Macrosolen bidoupensis is similar to Macrosolen tricolor Danser of China,
Laos and Vietnam in leaf shape and size and by possession of a 2-flowered umbel, but
differs in having a sessile to very short petiole (up to 0.7 mm long in M. bidoupensis vs.
2-3 mm long in M. tricolor), more lateral veins (4 or 5 vs. 2 or 3 pairs), slightly cordate
to rounded leaf bases (vs. cuneate) and a basally green corolla tube (vs. reddish around
the basal 1/3). The leaf shape is also somewhat similar to Macrosolen platyphyllus Danser
of Thailand, Peninsular Malaysia and Borneo, but easily distinguished in having much
smaller leaves and flowers, and very short petioles.

Type. VIETNAM. Lam Dong Province, Bidoup Nui Ba National Park, in lower
montane evergreen forest, 12°10'34.7"N, 108°41'08.4"E, alt. 1533 m, 21 Feb. 2016,
with flowers, Tagane S., Nagamasu H., Naiki A., Dang V. Son, Ngyuen V. Ngoc, Bink
T. Hoang & Wai J. V4083 (holotype-KYO!, fl. spirit collection; isotypes NTU!, the
herbarium of Bidoup Nui Ba National Park!, VNM!).

Description. Hemi-parasitic shrub, 25-40 cm tall, totally glabrous. Branches terete,
grayish to grayish brown, lenticellate. Leaves opposite; blade elliptic, broadly elliptic,
broadly ovate-elliptic, or circular, 1.2-4.8 x 1.2-3.5 cm, coriaceous, apex broadly obtuse
to rounded, base slightly cordate to rounded, margin entire, grayish green and slightly
lustrous adaxially, dull olive abaxially, midrib prominent at basal 1/3 to 1/2 abaxially,
secondary veins 4 or 5 pairs, obscure or visible adaxially, obscure to faintly visible abaxi-
ally; petiole to 0.7 mm long. Inflorescences axillary, sometimes at older leafless nodes,
2-flowered umbels; peduncle ca. 0.9 mm long. Pedicel 1.1-1.5 mm long; central bract
suborbicular, ca. 1 mm long, bracteoles suborbicular, connate, ca. 1 mm long; mature
buds 2.8-3.2 cm long; calyx limb (calyculus) annular, ca. 0.7 mm long; corolla green
tinged with red at top of tube and lobes, symmetrically 6-winged at about two thirds
the length, tube 2.2-2.4 cm long in anthesis, gradually dilated, inflated, slightly curved,
lobes lanceolate, 6-8 mm long, reflexed in anthesis; stamens 6, anthers ca. 2.3 mm long,
filaments basally adnate to corolla tube, free part 2.3-3.3 mm long; ovary 2.8-3.3 mm
long; style 2.8-3.2 cm long, stigma capitate. Berry reddish orange, subglobose to slightly
depressed-barrel-shaped, ca. 8 mm high, ca. 6 mm wide, ovoid when dry, apex beaked by
calyx limb. Seed 1, ellipsoidal, ca. 5 mm high, ca. 3 mm wide, longitudinally 6-grooved.
The measurements of the flower characters are derived from the spirit collection.

Other specimen examined in Vietnam. Bidoup Nui Ba National Park; in lower
montane evergreen forest, 12°10'34.9"N, 108°41'04.4"E, alt. 1533 m, 22 Feb. 2016,
with fruits, Tagane et al. V4169 (FU, NTU, the herbarium of Bidoup Nui Ba National
Park, VNM).
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Figure 1. Macrosolen bidoupensis Tagane & V.S.Dang. A Branch with flower buds B 2-flowered inflores-
cence € Flower with corolla tube opened D Fresh fruit E Dried fruit F Seed G seed (left) and longitudinal
section of seed (right). Materials: Tagane et al. V4083 (KYO). Drawn by N. Komada.
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Figure 2. Macrosolen bidoupensis Tagane & V.S.Dang. A Branch with flower buds B Flower € Fruits.
Photos by Zagane et al. V4083.
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Phenology. Flowering and fruiting specimens were collected in February.

Distribution and habitat. Vietham (so far known only from Bidoup Nui Ba Na-
tional Park, Lam Dong Province). In lower montane evergreen forest, ca. 1500 m altitude.

GenBank accession no. Zagane et al. V4083: LC259010 (rbeL), LC259011
(matK). The partial rbcL sequence of M. bidoupensis was identical to M. tricolor (Gen-
Bank accession no. HQ317771) of the total 517 bp and differed at 3 bases of the
518 total from M. cochinchinensis (KP094775 and HQ317768). The partial marK
sequence of M. bidoupensis differed at 23 bases from M. cochinchinensis (EU544439)
of the 813 total.

Etymology. The specific epithet bidoupensis is derived from its type locality.

Conservation status. Least Concern (LC). Bidoup Nui Ba National Park is lo-
cated on Central highland of Vietnam. It covers ca. 700.38 km? and is the core zone
of the Langbiang biosphere reserve (Bidoup-Nui Ba National Park 2016). Macrosolen
bidoupensis is commonly found in the lower montane evergreen forest in the national
park. Since the forest is widely seen and well-protected, we suggest this status as LC
according to IUCN (2012).

Note. A similar species, Macrosolen tricolor is known from lower elevations (below
100 m, Qiu and Gilbert 2003), and the two species do not occur sympatrically.

Key to the species of Macrosolen inVietnam

1 Leaf blade 1.2-5.5 x 1.2-3.5 c¢m, apex rounded to broadly obtuse ............. 2
Leaf blade (3—)4-15 x (1.2-)1.5-7 cm, apex acute to acuminate, or obtuse.... 3
Petiole to 0.7 mm long; lateral veins 4 or 5 pairs.................. M. bidoupensis
Petiole 2—3 mm long; lateral veins 2 or 3 pairs.........cccccceevvueunenes M. tricolor
Mature flower bud 1-1.5(=2.3) cm long.......ccocovvvveieiiiininiciiinecne, 4
Mature flower bud 3-8.5 cm long ........ccccciiiiniiiiiiiiicce 5
Petiole (1-)5-10 mm long; inflorescences racemose, (2—)4—8-flowered; pe-
duncle (5-)15-20 mm long.......ccccoovvveeiinninccinne, M. cochinchinensis
- Petiole 2—4 mm long; inflorescences umbellate, 2- or 3-flowered; peduncle

1-2.5 MM IONG ettt M. robinsonii
5 Flowers subsessile, pedicel less than 1 mm long; bract 2-3 mm long; anther

5=8 MM 1ONG....cviiiiiiiiiii e M. dianthus
- Flowers distinctly pedicellate, pedicel 2-6 mm long; bract 1-1.5 mm long;

anther 2—5 mm long ... 6
6 Mature flower bud more than 4.5 cm long; anthers 4-6 mm long ...............

.............................................................................................. M. annamicus
- Mature flower bud 3—4 cm long; anthers 2-3 mm long..........ccccccovveenneene. 7
7 Corolla tube curved near the middle, asymmetrically winged........ M. avenis

Corolla tube curved above the middle, symmetrically winged........................
........................................................................................ M. bibracteolatus

[N VI B ST

I
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Abstract

Here, we present evidence that the alleged correction of the typification of Tradescantia crassula recently
proposed by Pellegrini, Forzza and Sakuragui is erroneous. Furthermore, we clarify misconceptions con-
cerning the epitype of 7. crassula, the specimen B-100521014, which was collected by Friedrich Sello in

southern Brazil, and is not original material for 7. crassula.

Keywords
Humboldt, Kunth, Link & Otto, Sello

Introduction

In their recently published article, Pellegrini et al. (2017) (hereafter: PES) claim to make
corrections to the typification of Tradescantia crassula Link & Otto (Commelinaceae)
done by Funez et al. (2016) (hereafter: FHF). The objectives of this note is to present
evidence that PFS’s alleged “correction” is erroneous, and to clarify misconceptions
concerning the epitype of 7. crassula, the specimen B-100521014, which was collected
by Friedrich Sello in southern Brazil, and is not original material for 7. crassula.

Copyright Gustavo Hassemer et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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In their nomenclatural notes on this species, PFS (pp. 7-8) start affirming that
FHF “indicate that Pellegrini (2015) erroneously designated the specimen Sellow 3033
(B100521014) as the lectotype for 7. crassula”. 'This is not true, as FHF (p. 70) stated that
“Pellegrini (2015) (a M.Sc. dissertation) incorrectly regarded the sheet kept in B (barcode
B100521014) as the lectotype for the name 77 crassula”. No mention of “correcting” a
typification was made by FHE and the use of the word “regarded”, instead of the more
usual “designated”, had the purpose of leaving clear that FHF were aware that the M.Sc.
dissertation in question (Pellegrini 2015) was not a validly published document.

Next, PFS argue that the collector of the specimen B-100521014 (see fig. 5 in
Funez et al. 2016) should be considered to be Friedrich Sello (also known as Sellow,
which is not his family name but is how he signed his name after 1814), and that the
year written on the label, 1836, does not refer to the collection date of the specimen,
but rather to the date when Karl Sigismund Kunth would have received it in Berlin
(“We believe this date might correspond to the date when this specimen was acquired
by Kunth, and placed into his personal herbarium”). On this basis, PFS proposed the
designation of the specimen B-100521014 as the lectotype for the name 77 crassula
and, according to them, this newly designated lectotype would supersede the lecto-
type designated for this name in FHF (p. 71), i.e., tab. 7 in Link and Otto (1828a)
(see Fig. 1)—"According to the Code (McNeill et al. 2012, Art. 9.2), the Sellow 3033
(B100521014) specimen is a suitable choice for a lectotype, superseding the lectotypi-
fication of the original illustration, done by Funez et al. (2016)”.

Nevertheless, the interpretation of PFS of the type of 7 crassula is erroneous. First
of all, the authors cite the work that includes the protologue of 77 crassula erroneously.
The work cited, Icones plantarum selectarum Horti Regii Botanici Berolinensis cum descrip-
tionibus et colend;i ratione (Link and Otto 1828b), does not contain the description of 7
crassula, which was in fact published in Icones plantarum rariorum Horti Regii Botanici
Berolinensis cum descriptionibus et colendi ratione, vol. 1 (Link and Otto 1828a). The
possibility that PFS have not read the protologue of 7 crassula could perhaps explain
the misunderstandings that these authors cause regarding the typification of this name.

A careful reading of the protologue of 7. crassula (see Figs. 2 and 3) leaves clear that
this species was described based on plants which grew from seeds included by chance
in the soil transported along with living plants sent by Sello from Porto Alegre (south-
ern Brazil) to Berlin (“Diese Pflanze ging aus der Erde, worin Herr Sello Pflanzen von
Porto Allegro geschicke hatte, zufillig auf” [This plant grew by chance from the earth
with which Mr. Sello sent plants from Porto Alegre]). Further evidence for this is that
the illustration (tab. 7) provided by Link and Otto (1828a) (see Fig. 1) is in colour, and
clearly shows a living specimen, and not a dried herbarium specimen. Also, there is ab-
solutely no evidence that either Heinrich Friedrich Link or Christoph Friedrich Otto
have studied any herbarium specimens to describe 7. crassula (see more details below).
Therefore, since the type of 7. crassula was cultivated in Germany, and not collected in
Brazil, it is evident that it was not collected by Sello, a fact that invalidates the entire
line of discussion conducted by PES to try to invalidate the correct lectotypification
done by FHE.
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Figure 1. Lectotype of Tradescantia crassula (tab. 7 in Link and Otto 1828a), designated in Funez et al.
(2016: 71).
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13

7

TRADESCANTIA CRASSULA.
O. N. COMMELINEAE.
HEXANDRIA MONOGYNIA.

T. caule procumbente, foliis oblongis lanceolatisque mnervosis basi ciliatis,

pedunculis geminis umbelliferis, umbellis terminalibus sessilibus, calyce hir-
sutissimo.

Habitat in Brasilia australi prope Porto Allegro. 2. T.

Caulis procumbens elongatus subsimplex teres glaber. Folia superiora lan-
ceolata 3—4 poll. longa, ultra poll. lata acuta succulenta glabra basi tantum ci-
liata. Pedunculi gemini ex axillis elongati divaricati, flores umbellati copiosi,
bracteis 2 lanceolatis fulti, pedicellis reflexis glabris. Cal. e phyllis tribus 4 lin.
longis pilis longis. Cor. tripetala, petala calyce paullulum majora breviter acuta
alba. Stam. 6 basi pilis septatis stipata corolla minora. Stylus staminibus lon-
gior, stigmate acuto. Germen triloculare.

Enata est planta e terra, in qua e Brasilia australi plantas miserat clar.
Sello. Affinis Tr. debili Humb. et Kunth.

Fig. @ sistit florem a parte superiore, Fig. & eundem ab inferiore.

Der Stamm ist niederliegend, lang, fast einfach, rund und glatt. Die
oberen Blitter sind lanzettformig, 3—4 Zoll lang, iiber einen Zoll breit, mner-
vig und dadurch liniirt, spitz und saftig, glatt, an der Basis nur gefranst. Die
Blithenstiele kommen aus den Blattwinkeln zu zwei, sind lang ausgesperrt,
zwei solcher Bliithenstiele, ein sehr kurzer und langer, bilden das Ende des
Stammes; die Bliithen siizen in Dolden sehr zahlreich, mit zwei lanzettfor-

3

Figure 2. Protologue of Tradescantia crassula, page 1 (Link and Otto 1828a: 13).
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migen Bracteen gestiitzt; dic besondern Bliithenstiele sind zuriickgebogen und
glait.  Der Kelch besteht aus dvei, 4 Lin. langen Blittern, auf denen lange Haare
sitzen. Diec Blume besieht aus dvei Blitiern, welche etwas grofser sind als der
Keleh, kurz gespitat, weils. Die 6 Staubfiden haben an der Basis lange Haare
mit Querwiinden, sind kleiner als die Blume. Der Griffel ist Linger als die Staub-
fiden. Die Narbe spitz. Fruchtknoten dreifichrig.

Diese Pflanze ging aus der Erde, worin Herr Seko Pflanzen von Porto
Allegro geschickt hatte, zufillig auf. Sie liebt Feuchtigkeit und eine gewohnliche
leichte mit Sand vermischte Gartenerde. Die Bliithen erscheinen in der Regel
zvweimal im Jahre, im Blirz und October. Die Vermehrung geschicht entweder
durch Samen, oder durch abgeschnittene Zweige, die selr leicht wachsen. Sie
wuchert sehr stark, ihre Zweige breiten sich auf der Erde aus und wurzeln dann
leicht. Den Sommer iiber kann sie im Freien gehalten werden, im Winter be-
darf sie nur einer miilsigen Temperatur von 8 —10° R.

Fig. @ stellt die Blumen von der obern Seite vor, Fig. & von der untern.

e R

Figure 3. Protologue of Tradescantia crassula, page 2 (Link and Otto 1828a: 14).

The specimen B-100521014 (¥ Sello 3033), which was designated epitype of 7.
crassula by FHF (p. 71), has a complex history and has been the source of much mis-
understanding. This specimen was collected by Sello in the then province of Sao Pedro
do Rio Grande do Sul (today state of Rio Grande do Sul, southern Brazil) in Novem-
ber-December 1825 (Urban 1893; Marchiori et al. 2016), and originates from the
set of duplicates which Alexander von Humboldt received in 1836 for his herbarium
from Ignaz von Olfers and which he immediately passed on to Kunth, who kept the
specimen in his personal herbarium until his death in 1850 (Urban 1893; Robert
Vogt, pers. comm.). The label was most probably written by Kunth (Robert Vogt,
pers. comm.); the text in the lower right part of the label reads “Humboldt ded. [dedit]
1836” [donated by Humboldt in 1836], and not “Dec. 1836” as wrongly reported by
both FHF and PES (Robert Vogt, pers. comm.). This date, which is eight years after
the description of 7. crassula, refers to when Humboldt received this specimen, and not
when it was collected. All things considered, the specimen B-100521014 clearly is not
original material for 7. crassula, and as a result the lectotypification and epitypification
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of this name proposed by FHF are correct and effective, in accordance to Arts. 9.2,
9.3,9.8,9.11,9.12,9.19, 9.20, 9.21, 9.22 and 9.23 of the Melbourne Code (McNeill
etal. 2012).

On a final remark, PFS (p. 28) affirm that “many recent studies of Brazilian Com-
melinaceae have been narrowly focused, and proposed new species and several typifi-
cations (Funez et al. 2016; Hassemer et al. 2016a, 2016b; Hassemer 2017)” and that
“perhaps the most unfortunate result of such studies is the potential for incorrect typi-
fication and application of names (e.g. Funez et al. 2016; Hassemer et al. 2016b; Has-
semer 2017)”. Here, we must highlight that their critiques are completely unrelated
to the content of their own article, since, with the exception of Funez et al. (2016),
all works criticised (Hassemer et al. 2016a, 2016b; Hassemer 2017) dealt with the ge-
nus Commelina L., and not Tradescantia L. Therefore, these critiques can be regarded
as gratuitous attacks, which are certainly not an example to be followed. Taxonomy
advances best and fastest when taxonomists behave ethically, and collaborate, among
themselves and with scientists of other fields.
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