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Abstract

Solanum tavinuuyuku, of the Sierra Madre del Sur ecoregion of South-Central Mexico, is
a viny, node-rooting species of the Potato clade, in the subclade Solanum sect. Anarrhi-
chomenum. Solanum tavinuuyuku is distinguished from its relatives by possessing long
and narrow, lanceolate, ovate to falcate, 1-3-foliate leaves with (5-)7-10 secondary veins;
large, persistent pseudo-stipules found at nearly every node on herbarium material; and
white, violet-tinged corollas particularly pronounced in the floral bud. Solanum tavinuuyuku
is functionally dioecious, producing functional, tricolporate pollen and non-functional, in-
aperturate pollen in short and long-styled flowers, respectively, joining its close relative S.
appendiculatum as one of only two documented dioecious species in the entire Potato
clade. Separation of S. tavinuuyuku from its closest ally, the simple-leaved S. jionidium, is
based on morphometric and geographic evidence presented here.

Resumen

Solanum tavinuuyuku, de la ecorregion de la Sierra Madre del Sur en el centro-sur de Méx-
ico, es una especie trepadora con raices adventicias en los nodos que pertenece al cla-
do de la papa, en el subclado Solanum seccidn Anarrhichomenum. Solanum tavinuuyuku
se distingue de sus parientes por poseer hojas largas y estrechas, lanceoladas, ovadas
a falcadas, de 1 a 3 foliolos con (5-)7 a 10 venas secundarias; grandes pseudoestipulas
persistentes encontradas en casi todos los nodos en material de herbario; y corolas
violetas, particularmente pronunciadas en el capullo floral. Solanum tavinuuyuku es fun-
cionalmente dioica, produciendo polen tricolporado funcional y polen inaperturado no
funcional en flores de estilo corto y largo, respectivamente, uniéndose a su pariente cer-
cano S. appendiculatum como una de las Unicas dos especies dioicas documentadas en
todo el clado de la papa. La separacién de S. tavinuuyuku de su aliado mds cercano, S.
ionidium de hojas simples, de las cuales muchas muestras fueron identificadas anterior-
mente, se basa en evidencia morfométrica y geografica presentada aqui.
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Introduction

Solanum L. is one of the most species-rich and diverse genera of the angio-
sperms, encompassing ca.1200 species, and is the largest genus in the Sola-
naceae (Frodin 2004; Gagnon et al. 2022; Hilgenhof et al. 2023; Messeder et al.
2024; Moonlight et al. 2024). Apart from eminent crop species, potato, tomato
and eggplant, the genus also includes many under-studied groups and new spe-
cies continue to be discovered (e.g. Sarkinen et al. (2015); Martine et al. (20164,
2016b); Sarkinen and Knapp (2016); Lacey and Martine (2017); Gouvéa et al.
(2018, 2019, 2020); McDonnell et al. (2019); McClelland et al. (2020); Knapp et
al. (2022); Tovar and Giacomin (2022); Williams et al. (2022); Tovar et al. (2024)).
Within Solanum, 12-13 major lineages have been resolved using modern mo-
lecular approaches (Weese and Bohs 2007; Sarkinen et al. 2013; Gagnon et al.
2022). A total revision of the entire genus has not been undertaken since Can-
dolle’s (1852) Prodromus, but progress is being made to that end by many au-
thors, including by the team behind the Solanaceae Source web resource (www.
solanaceaesource.org). Through that initiative, systematic work on the genus
has advanced considerably, with workers revising infrageneric groups across the
Solanum phylogeny (e.g. Levin et al. (2006); Tepe and Bohs (2011); Stern et al.
(2013); Wahlert et al. (2014); Clark et al. (2015); Aubriot et al. (2016); Knapp et al.
(2019); Spooner et al. (2016); Vorontsova and Knapp (2016)). One of the largest
lineages of the ‘non-spiny’ species of Solanum is the Potato clade, comprising
12-13 well-supported subclades including the lesser-known and monophyletic
Solanum sect. Anarrhichomenum (Tepe et al. 2016). Solanum sect. Anarrhichome-
num has not been the subject of a comprehensive taxonomic revision and many
previous taxonomic works have not recognized it as a single cohesive group. In
his monograph of the wild potatoes, Correll (1962) organized some species of So-
lanum sect. Anarrhichomenum Bitter under Solanum series Appendiculata Rydb.
(of sect. Basarthrum Bitter), but excluded the Mexican species S. ionidium Bitter.
Nee (1993) was the first to suggest kinship between S. appendiculatum Dunal
and S. ionidium and placed S. ionidium with the other four traditionally recognized
species in Mesoamerica of what is now recognized as Solanum sect. Anarrhi-
chomenum (S. appendiculatum, S. skutchii Correll, S. tacanense Lundell, S. subve-
lutinum Rydb. and S. ionidium). These Mesoamerican species make up a species
complex defined by their morphological similarity to, and common ancestry with,
the more well-known S. appendiculatum (Correll 1962; Nee 1999; Murillo-Pérez
and Rodriguez 2021) and the new species described in this paper joins this group.
More recent studies have clarified sectional limits and workers have contribut-
ed additional South American species, S. complectens M.Nee and G.J.Anderson
(Nee et al. 2006) and S. baretiae Tepe (Tepe et al. 2012) to the clade. Species
of this section are defined by their scandent, viny habit, rooting at the nodes, or-
ange-red globose fruits and a single or, more rarely, paired, but strongly aniso-
phyllous pseudo-stipules at each node along the stem (Tepe et al. 2016).
Solanum appendiculatum, a close relative of the new species proposed here,
was the first dioecious species to be discovered within Solanum and has been
the focal interest of many studies investigating the evolution of dioecy in Sola-
num (Anderson and Gensel 1979; Anderson and Levine 1982; Zavada and An-
derson 1997; Wu et al. 2021). Staminate and pistillate plants of S. appendicula-
tum were originally described as three distinct taxa separated by differences in
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floral morphology (i.e. filament connation and style length) (Correll 1962), but
were later determined to be a single dioecious species, based on cross compat-
ibility and biosystematic studies in a series of landmark papers (e.g. Anderson
and Gensel (1979); Anderson and Levine (1982)). Taken from the conclusions of
these investigations are a series of morphological indicators that can be reliably
used to determine the presence of dioecy in Solanum, even when cryptic, as in
S. appendiculatum. Common to most known dioecious Solanum is stylar dimor-
phism and the production of inaperturate, non-functional pollen in the anthers
of long-styled flowers and functional, tricolporate pollen in short-styled flowers
(Anderson and Levine 1982; Anderson and Symon 1989; Anderson et al. 2015).

The Mesoamerican Solanum sect. Anarrhichomenum species complex re-
mains poorly understood and is currently under revision by the authors. This
study reports some of the results gleaned from ongoing systematic work on
the complex and presents S. tavinuuyuku, a morphologically unique, dioecious
Solanum species from Mexico, a center of diversification for Solanaceae (Ro-
driguez 2004; Villasefior 2016) and the first new species of Mesoamerican
Solanum sect. Anarrhichomenum to be described in over 70 years. Alongside
the morphological and geographical analyses, we report the results from these
investigations into the reproductive biology of S. tavinuuyuku, following the in-
valuable work of Anderson and colleagues (Anderson and Levine 1982; Ander-
son and Symon 1989; Zavada and Anderson 1997; Anderson et al. 2015).

Materials and methods
Sampling and measurement

Observations were based on examination of 38 herbarium specimens on loan
and/or specimen images from European and Central, South and North Amer-
ican Herbaria (AAU, ARG, B, BH, BM, BR, C, CORD, F, G, GH, LL, MEXU, MICH,
MO, NY, OAX, SERO, UC, UGAC, US, WIS, XAL). Physical specimens were mea-
sured with a standard ruler and, for smaller structures, a 1-cm micro-ruler with
0.1 mm marks (Ted Pella, Inc., Redding, CA) under a Leica M80 dissecting mi-
croscope. Three specimens of the new species were observed and measured
using digitized collections from BM, MEXU, NY (Suppl. material 1). In total, all
20 specimens of the eight known collections of S. tavinuuyuku were sampled
for this study, along with 18 collections of S. ionidium, and 12 collections of
S. appendiculatum (Suppl. material 1). Specimens of S. appendiculatum were
limited to collections that were sympatric with S. tavinuuyuku or were highly
similar in leaf characteristics.

Morphometrics

Factor Analysis of Mixed Data (FAMD) was conducted and visualized in Rstudio
(R Core Team 2021) using the packages “FactoMineR” (Le et al. 2008) and “fac-
toextra” (Kassambara and Mundt 2020), respectively, on a total of 15 morpho-
logical and two geographic variables (Suppl. material 2). FAMD was selected
as the most appropriate tool for exploratory multivariate analysis over the more
common PCA because it can incorporate mixed data regimes (Pages 2004).
Of the total 15 variables, 12 morphological and one geographic variable were
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continuous measures and one morphological (corolla color) and one geograph-
ic variable (mountain range where specimens were collected) were categorical.
Characters such as stamen length and width and style length were excluded
from analysis due to their relationship to dioecy (Correll 1962; Anderson and
Levine 1982; Anderson et al. 2015). On unifoliate specimens, the absence of
lateral leaflets was represented by zeros in the data matrix. Highly co-linear
variables such as leaf, leaflet and pseudo-stipule length and width are repre-
sented in our study by a ratio.

To prepare for FAMD, the data were first imputed and dimensions were vi-
sualized in a scree plot. The ten most influential variables contributing to each
dimension were visualized as barplots. FAMD results were plotted in an ordi-
nation plot with 95% confidence interval (Cl) ellipses based on a multivariate
t-distribution grouped by taxonomic classification and a biplot of quantitative
variables. Afterwards, multiple-comparison Dunn’s tests were conducted on all
variables included in morphometric analysis using the base “FSA” package in R
(Ogle et al. 2022) and visualized as a series of boxplots.

Mapping

All accessions used in the morphological study were then mapped alongside
an additional 46 accessions of S. appendiculatum and S. ionidium to visual-
ize the distribution of S. tavinuuyuku in comparison to those of its relatives S.
appendiculatum and S. ionidium in Mexico (Fig. 1). Thirty-seven of these col-
lections were of S. appendiculatum, seven were derived from digital images
provided by Mexican herbaria (OAX and UGAC) and the rest were directly ex-
amined by the authors (Suppl. material 1). Nine additional accessions of S.
ionidium were also included, all of which were received as digital images from
Mexican herbaria (XAL and OAX) (Suppl. material 1). In total, combining sup-
plementary accessions and those included in morphometric analyses, 82 data
points were mapped, encompassing all known collections of S. tavinuuyuku,
along with selected accessions of S. appendiculatum and S. ionidium. Maps
were constructed in ArcGIS Pro using reference coordinates from herbarium
labels or georeferences derived from location descriptions using the online
GEOLocate application (Rios and Bart 2010).

Palynology

Pollen grains were retrieved from all available herbarium collections (Suppl.
material 1) to investigate the presence of dimorphic pollen in S. tavinuuyuku.
Three specimens represented staminate, short-styled plants, while the remain-
ing two were long-styled, pistillate plants. Pollen grains were extracted with
permission by removing individual anthers from flowers in debris packets on
herbarium specimens and then perturbing the anther to release the grains,
scraped from a presenting anther or retrieved by inserting an insect pin into
the distal end of the anther. Pollen grains were then either mounted directly in
a 1:1 glycerine-water solution or treated using a modified acetolysis procedure
(Erdtman 1960; Bryant 2025) Both untreated and treated pollen samples were
viewed using phase contrast and scanning electron microscopy (SEM) with a
Nikon Labophot-2 phase contrast scope and Apreo 2 SEM, respectively.
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Figure 1. Distribution map of the three species of Solanum sect. Anarrhichomenum included in this study. The map is
composed of collection locations of 82 combined accessions of Solanum tavinuuyuku (orange); Solanum ionidium (blue)
and Solanum appendiculatum (grey). Specimens included in the morphometric analyses are indicated by filled circles.
Supplementary accessions are indicated by open circles. The Sierra Madre del Sur biogeographic region was mapped
using shapefiles of biogeographic provinces provided in Morrone et al. (2017).

Throughout this paper, specimen barcodes and accession numbers are cited
in brackets. Barcode numbers are listed after an herbarium acronym, whereas
accession numbers include the number only. When digital collections of the
new species were used, these collections are indicated by the ‘[photo]’ notation.

Results
Morphometrics

For multivariate species delimitation, the first two dimensions were retained
in FAMD analysis accounting for 40.7% of total variance in the data. Results
revealed a distinct separation of S. tavinuuyuku from its close relatives S. ion-
idium and S. appendiculatum in morphospace (Fig. 2). Variables contributing
to the separation included number of leaflets, region of collection, pedicel
length, lateral leaflet length/width ratio, number of flowers per inflorescence,
leaf length/width ratio, corolla color and number of secondary veins (Fig. 3). All
accessions of S. tavinuuyuku clustered together around positive eigenvalues
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Figure 2. Factor analysis of mixed data (FAMD) ordination plot of Solanum tavinuuyuku and sympatric or near sympatric
species from Solanum sect. Anarrhichomenum with 95% Cl ellipses.
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Figure 3. Barplots and a biplot of the contributions of influential variables in FAMD. Barplots represent the variable con-
tributions of the top five most influential categorical and quantitative variables in FAMD analysis. Influential quantitative
variables are labelled A =M and can be found in the biplot, while variables marked with an asterisk (*) represent influen-
tial categorical variables, which are not represented in the biplot. Peduncle length (cm) (A); pseudo-stipule length/width
ratio (B); calyx lobe width (mm) (C); pedicel length (cm) (D); flower diameter (E); calyx length (mm) (F); leaf length/width
ratio (G); petiole length (cm) (H); number of secondary veins (I); elevation (m) (J); flowers per inflorescence (K); lateral
leaflet length/width ratio (L); number of leaflets (M).

along Dim 1 and Dim 2 and most collections fell within or near the 95% Cl
ellipse for that species (Fig. 2). Conversely, S. ionidium collections clustered
around negative eigenvalues along Dim 1 and demonstrated a near complete
separation from S. tavinuuyuku (Fig. 2). Solanum appendiculatum occupied an
intermediate space between S. tavinuuyuku and S. ionidium along Dim 1, but fell
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Figure 4. Boxplots of important morphological characters distinguishing Solanum tavinuuyuku from Solanum appendic-
ulatum and Solanum ionidium. The upper and lower bounds of the box represent the upper and lower quartiles, respec-
tively. The middle line within the box represents the median value. Maximum and minimum values are represented by
the extent of the upper and lower “whiskers”. Bars above each box within each graph constitute pairwise comparisons
between species. P-values are derived from the results of multiple comparison Dunn'’s tests and were adjusted using
Bonferroni correction (Suppl. material 2). Asterisks represent a significant result in Dunn’s tests. A single asterisk (*) =
p < 0.05; double asterisks (**) = p < 0.005; triple asterisks (***) = p < 0.0005.

within negative eigenvalues along Dim 2 (Fig. 2), differing from both its relatives
in leaflet dimensions, number of leaflets, leaf length/width ratio and flowers per
inflorescence (Fig. 3). Non-parametric Dunn’s tests for multiple comparisons
supported differences between the new species and one or both relatives in
seven of the fifteen variables included in FAMD (Fig. 4; Suppl. material 2). Of
these, S. tavinuuyuku differed (p < 0.05) from S. ionidium in four morphological
variables and from S. appendiculatum in six morphological variables, as well as
the region of collection between both species (Suppl. material 2).

Palynology

Inaperturate pollen of rounded shape (20-[23.3]-25 pym x 21.00-[23.17]-
27.00 pm), was observed in two of the five samples included in this palynologi-
cal study (Croat 45517 and Calzada 19434) and convexly triangular, tricolporate
pollen (20—-[23.33]-25 um x 21.00- [23.17]-27.00 pm) in the remaining three
(Calzada 19831, Rzedowski 159 and Tenorio 1414). The inaperturate condition
was only observed in the anthers of long-styled flowers, whereas tricolporate
pollen was found in the anthers of short-styled plants (Fig. 5). The combination
of stylar and pollen dimorphism (inaperturate and aperturate) suggests that S.
tavinuuyuku is likely to be dioecious.
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10 um

Figure 5. Dimorphic flowers and pollen grains representative of the pistillate and staminate sex of Solanum tavinuuyuku.
A Pistillate flower (Croat 45261a) B SEM of inaperturate pollen from a functionally pistillate flower (Calzada 19434) C sta-
minate flower (Rzedowski 159) D SEM of tricolporate, aperturate pollen from a functionally staminate flower (Calzada
19831) at 3,500x magnification.

Taxonomic treatment

Solanum tavinuuyuku J.M.Bryant & Tepe, sp. nov.
urn:lsid:ipni.org:names:77359685-1
Fig. 6

Diagnosis. Solanum tavinuuyuku resembles Solanum ionidium Bitter, but is dis-
tinguished from that species by its long and narrow, lanceolate, ovate to fal-
cate, simple to 3-foliate leaves with 7-10 secondary veins, large and persistent
pseudo-stipules, sparse to dense pubescence and white to violet-tinged corolla
color that is especially pronounced in the floral bud.

Type. Mexico. Oaxaca * Distr. Santiago Juxtlahuaca. Mpio. Santiago Jux-
tlahuaca. Loc. Puerta de Luz, hacia la torre microondas, entrada por Santa
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Figure 6. Solanum tavinuuyuku A habit of flowering branch B habit of fruiting branch C pseudo-stipules with pubescence
D abaxial leaf surface showing pubescence on the mid- and secondary veins E inflorescence F staminate flower G staminate
flower with staminal column opened to reveal pistil H pistillate flower and detail of the pistil, with stigma magnified I calyx with
pubescence J infructescence with mature berries K seed. [A, C—G drawn from Calzada 19831 B, J drawn from Calzada 19434
H drawn from Croat 45517 | drawn from Croat 45261a K drawn from Rzedowski 159]. Art by Ericka Belén Cortez Castro.
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Rosa, via San Miguel Cuevas a El Manzanal, 17.13°N, 98.03°W, 2405 m elev.,
18 Apr 1995 (fl), J. I. Calzada 19831 (holotype: MEXU! [892615]; isotypes: LL!
[00218235], NY! [NY00751674]).

Description. Vine, trailing along ground or climbing on other vegetation to
10 m or more, rooting at the nodes. Stems woody, sparsely to densely pubes-
cent with long, transparent to pale tawny, unbranched, eglandular, multicellular
simple hairs (termed finger-hairs in Seithe and Anderson (1982)), 0.5-0.8 mm
long, more densely pubescent at the nodes, the stems often with white len-
ticels. Sympodial units plurifoliate, not geminate. Leaves distichous, simple
to 3-foliate pinnately compound, tending towards 3-foliate on juvenile vegeta-
tive shoots and simple on mature shoots, the blades 2-14 x 1-5 cm, charta-
ceous, the margins flat to somewhat revolute, not ciliate, lamina sparsely to
densely pubescent to glabrescent abaxially and adaxially, but on average, more
densely pubescent adaxially, on veins and on developing leaves, the rachis
and petiolules densely pubescent with multicellular finger hairs; simple leaves
3.8-11 cm x 1.5-3.5 cm, ovate, lanceolate to narrowly elliptic in shape, some-
what falcate on some specimens, the bases acute to rounded, symmetrical
to asymmetrical, the apices acute to acuminate, the acumen 0.3-1 cm long,
venation pinnate, (5-)7-10 pairs of secondary veins, secondary veins curved;
compound leaves include an apical leaflet and a single pair of lateral leaflets,
the distal lateral leaflet often smaller than its counterpart or completely absent;
apical leaflets of compound leaves 5.5-9 cm x 2—-3 cm, substantially larger
than lateral leaflets, ovate to lanceolate, the bases acute, rounded to nearly
truncate, symmetrical to asymmetrical, the apices acuminate, the petiolules
1.5-2.5 mm; lateral leaflets 2—-4.5 cm x 0.5-2 cm, elliptic to ovate, the apices
acute, the petiolules nearly lacking to T mm; interjected leaflets absent; petioles
0.3-5(-8.6) cm, densely pubescent. Pseudo-stipules present at nearly every
node, single, persistent, 3—5 x 6.5-10 mm, reniform or more rarely subovate,
the apices sharply acute, pubescence resembling that of the leaves. Inflores-
cences terminal corymbose-cymes, 2-3 x branched, 1.5-2.2 cm x 2-2.5cm in
flower, 3.5-6 cm x 2.5-4 cm in fruit, with 6-15 flowers distanced 0.5-3 mm
apart, the axes glabrous, glabrescent or less frequently moderately pubescent,
the peduncle 1-5(-11) mm, becoming extra-axillary with added sympodia, oc-
casionally presenting a single bract-like leaf opposite the branching point; ped-
icels 0.2-1.2 cm in flower, 1-1.5 cm in fruit, articulated at the base, 0.5 mm
wide across the base, expanded distally in flower and fruit up to 2 mm, moder-
ately pubescent in flower with scattered, long, slender, finger hairs, 0.3-0.8 mm,
glabrescent to glabrous in fruit. Flowers pentamerous, apparently perfect, but
dimorphic, morphologically complete, with anthers from pistillate flowers pro-
ducing inaperturate pollen. Calyx campanulate, 1.5-2.5 mm x 1.5-3(=6) mm in
developing buds, 3-3.5 mm x 3—4 mm on mature flowers, the tube 1-1.5 mm
long in flower and fruit, 5-lobed, the lobes triangular with acute to apiculate
apices, 1-1.5 mm x 1-1.5 mm in flower, 1.5-2.5 mm x 1.5-2.5 mm in fruit,
the margins somewhat scarious, the lobes with short, stocky, clustered pubes-
cence on the apices, 0.02-0.3 mm and often sparsely to densely pubescent
with long, slender, appressed, finger hairs, 0.3—0.7 mm, across the entire calyx,
glabrescent in fruit. Corolla 0.8—1.2 cm in diameter, stellate, 5-lobed, reflexed or
flat at anthesis, the tube 1.5-2.5 mm, the lobes 3.5-6 mm x 2-2.5 mm, ovate
to triangular, acute at apices, puberulent on apices and along the distal half to
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third of the margins, violet with white along petal margins (as visible on her-
barium material), violet color pronounced on developing buds. Stamens equal,
with filaments 0.3-1 mm long, free to partially fused to half the entire filament
length, pubescent; anthers 2.8-3.1 mm x 1-1.2 mm, oblong with retuse api-
ces, cordate at the bases, connivent, yellow, with large apical pores, developing
into introrsely dehiscent longitudinal slits with age. Ovary glabrous; the style
on short-styled, staminate flowers 1-3 mm or nearly absent, far shorter than
stamens, cylindrical, the stigma slightly clubbed or truncate; the style on long-
styled, pistillate flowers 5.5-6 mm, exserted above the stamens, curved at the
tip, cylindrical, the stigma capitate. Fruits 0.3—1 cm in diameter, globose, green
when immature to bright orange-red at maturity, glabrous. Seeds 3.5-4 mm x
2.2-3 mm, flattened, rounded to teardrop-shaped, with a 0.2—-0.5 mm wide wing
around the margins, the thickened part of the seed 2.5-3 mm x 2-2.5 mm,
rounded to oval-shaped, lenticular, light to medium brown, the surface smooth,
the wing yellowish-tan to translucent near the margins, with radial striations,
15-20 seeds per fruit.

Distribution and ecology. Solanum tavinuuyuku appears to be endemic to
south-central Mexico and has been collected in extreme western Oaxaca (Mix-
teca and Sierra Sur Regions) through central Guerrero (La Montafia and Centro
Regions). These areas are a part of the Sierra Madre del Sur ecoregion, where
S. tavinuuyuku grows in the understory of pine-oak forests and montane cloud
forests, from 1700 to 2840 m in elevation (Fig. 7).

Phenology. Solanum tavinuuyuku appears to flower year-round. Flowering
specimens have been collected January, April, August, October and December;
fruiting specimens are from January, August and October.

Etymology. The epithet tavinuuyuku is of Mixtec origin and is derived from a
combination of the Mixtec words tavi nuu yuku, which can be roughly translated
to mean “found growing in the mountains”. We acknowledge that the very act
of naming of natural objects is political. Taxonomists have and are still often
guilty of acquiring these natural entities as their own intellectual possession,
dictating, in a sense, the language in which we communicate about the world
we inhabit. Nonetheless, it is our intent that by choosing this name, we honor
the contributions of all indigenous nations and peoples in documenting and
conserving local biodiversity, particularly the Mixtec people who inhabit these
landscapes. Although we were not able to discover a local name for this plant,
we propose an epithet sourced from a language familiar to the people who
have undoubtedly interacted with it for millennia.

Conservation statement. IUCN Red List Criteria (IUCN 2022) suggest a sta-
tus of vulnerable (VU) for S. tavinuuyuku, based on criteria B1 a, b (i, iii) with an
extent of occurrence (EOO) of ca. 18,582 km?. The species is known from only
eight localities and is either quite rare or particularly under-collected (Fig. 1).
The Sierra Madre del Sur ecoregion is composed primarily of rugged terrain,
can be quite remote and thankfully is a conservation priority in Mexico (Ar-
riaga Cabrera et al. 2000). However, the forest habitats where S. tavinuuyuku
grows are under threat from ranching and agricultural activities in the area (To-
ledo-Aceves et al. 2011) which may impact the demographic and ecological
stability of the species in the future if current trends continue.

Specimens examined. Mexico. Guerrero « 2 km al NE del Campamento El
Gallo; estribaciones SW del Cerro Teotepec, 2650 m elev., 27 Jan 1965 (fl, fr), J.
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Figure 7. Distribution of Solanum tavinuuyuku in Mexico in the States of Oaxaca and Guerrero, within Coniferous and oak
forest potential vegetation (Rzedowski 1990).
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Rzedowski and McVaugh 159 (CORD, F, MEXU [photo]) - Mun. Eduardo Neri, along
highway between Milpillas (on Highway 95) and Atoyac de Alvarez, 3.7mi W of
turn-off on to road to Chichihualco, 17.08°N, 99.73°W, 2325 m elev., 14 Jan 1979
(fl, fr) T.B. Croat 45621-a (BM [photo], F, MO, NY, US) * Along road between Mil-
pillas at Highway 95 and Atoyac de Alvarez (near Highway 200) 3.5 miles west
of junction with road to Chichihualco, 2425 m elev., 12 Jan 1979 (fl), T.B. Croat
45517 (MO) - 15 km al E de Pto. del Gallo, Carr. Filo de Caballo. Mpio. Chichi-
hualco, 3090 m elev., 18 Aug 1982 (fl), L. Hernandez S. and C. Romero de T. 1414
(MEXU [photo], NY). Oaxaca * Distr. Santiago Juxtlahuaca, Mpio: San Martin
Peras, 17.18°N, 98.11°W, 2565 m elev., 10 Oct 1994 (fl, fr), J.I. Calzada 19434 (LL,
MEXU [photo], NY) - Mun. San Martin Peras, Loc. Dt. de Juxtlahuaca. A3 kmdela
desviacion a San Martin Peras, hacia Coicoyan de las Flores, 17.28°N, 98.22°W,
3 Dec 1992 (fl) Torres et al. 14098 (MEXU [photo]) * Distr. Putla, Mpio. Santa Cruz
Itundujia, A 7.37 km en LR (SE) de Santa Cruz Itundujia, 16.82°N, 97.63°W, 2865
m elev., 1 Aug 2008 (fl, fr) Gutierrez et al. 3075 (MEXU [photo], SERO [photo]).

Key to species of Solanum sect. Anarrhichomenum in Mexico

1 LeaVves UNITOIIATE ....coeeeeeeee e 2
= Leaves (2-)3=7 foliate ......ccocooveieeeceeeeeeeeee e 3
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2  Leaves broadly ovate with bases cordate to rounded, symmetrical and
secondary veins 5— 7. Corollas white. Collected in the Sierra Norte de Oax-
aca in the Sierra Madre del Sur ecoregion and in the Sierra Madre Oriental
on Mexico's gulf coast .........ccooviiiiiiicecee e, S. ionidium

—  Leaves lanceolate to narrowly elliptic with bases rounded, asymmetri-
cal to symmetrical and secondary veins (5-)7-10. Corollas white, often
tinged with violet. Collected in the southern mountains of the Sierra Madre

del SUr €COregION......c.eoiieiiee e S. tavinuuyuku
3 Anthers oblong with retuse apiCes........c..ccceevviiiiiiicicceeeeeceeeee 4
—  Anthers oblong with aristate apices ...........cccoceevviiieiieiieeenl S. skutchii
4 Apical leaflet with secondary veins (5-)7-10, over double the length of
the lateral leaflets........c.ooieiiiiiiiic e S. tavinuuyuku

-  Apical leaflet with secondary veins 5-7, slightly larger than lateral leaflets
or roughly equivalent in size and shape..........ccccoooiiiiinieieieee,
............................ S. appendiculatum (incl. S. subvelutinum, S. tacanense)

Discussion

Solanum tavinuuyuku is the first species to be added to Mesoamerican Sola-
num sect. Anarrhichomenum in nearly 70 years and joins the S. appendicula-
tum species complex, a morphologically and taxonomically complex group
of understudied vines. Solanum tavinuuyuku is restricted to the unique Si-
erra Madre del Sur ecoregion in south-central Mexico (Aragén-Parada et al.
2021) that spans the political State of Guerrero and south-western Oaxaca
and is the only 1-3 foliate species of Solanum sect. Anarrhichomenum in
that area. Solanum tavinuuyuku is also of considerable interest as it is only
the second documented dioecious species in the Potato clade and amongst
the greater so-called ‘non-spiny’ Solanum (Weese and Bohs 2007), apart
from S. appendiculatum.

Comparative morphology and geography of sympatric species

Most collections of S. tavinuuyuku were originally identified as S. ionidium,
which was once believed to be the only unifoliate species amongst Meso-
american Solanum sect. Anarrhichomenum. Superficial similarities in the
leaves and the lack of sufficient systematic study of this group have made it
easy to misidentify unifoliate collections of S. tavinuuyuku, especially when
working with herbarium material. Solanum ionidium has not been the subject
of any focused taxonomic studies since Bitter initially described the species
(Bitter 1913) and its placement in Solanum sect. Anarrhichomenum is rela-
tively recent (Nee 1999). Despite the similarities in leaf morphology, however,
these two species are quite distinct.

Morphologically, S. tavinuuyuku differs from S. jonidium in five out of the fif-
teen morphological characters assessed in this study. Long and narrow leaves,
(5-)7-10 secondary veins, shorter peduncles (ca. 0.3 cm in S. tavinuuyuku vs.
ca. 1.5 cmin S. ionidium) and violet-tinged flowers can reliably be used to dis-
tinguish the new species from S. ionidium and these characters favoured sepa-
ration in morphometric analyses. Solanum ionidium is also differentiated from
the new species by possessing exclusively unifoliate leaves, ciliate leaf mar-
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gins, vegetative parts with glabrous or sparsely pubescent indument and longer
pedicels on average (ca. 1.3 cm in S. ionidium vs. 0.9 cm in S. tavinuuyuku).

Furthermore, S. tavinuuyuku is not sympatric with S. ionidium, which inhabits
only the north-eastern extent of the Sierra Madre del Sur in northern Oaxaca
(Sierra Norte de Oaxaca), but has principally been collected throughout the Si-
erra Madre Oriental mountains in the State of Veracruz (Fig. 1). Solanum tav-
inuuyuku occupies pine-oak habitats in the southern mountains of the Sierra
Madre del Sur of south-western Oaxaca and grows throughout the mountains
that span the State of Guerrero (Fig. 7), but does not cross the Valley of Oaxaca
into Sierra Norte de Oaxaca (Fig. 1).

Solanum tavinuuyuku does grow in sympatry with its close relative, S. ap-
pendiculatum (Fig. 1), and may be confused with that species on specimens
with primarily 3—foliate leaves or that lack lateral leaflets (which happens very
rarely). However, it is very rare to find a collection of S. appendiculatum that
has apical leaflets as long as a unifoliate leaf or apical leaflet of S. tavinuuyuku.
Moreover, the apical leaflets of S. appendiculatum have longer petiolules, 5-6
secondary veins on average (vs. 7-10in S. tavinuuyuku) and are almost always
elliptic-ovate with symmetrical bases (vs. ovate—lanceolate leaves with asym-
metrical-symmetrical bases as in S. tavinuuyuku).

On 3-foliate specimens, S. tavinuuyuku is distinguished by very long api-
cal leaflets and smaller lateral leaflets (ca. 0.51 cm x ca. 0.25 cm in S.
tavinuuyuku vs. ca. 1.94 cm x ca. 0.82 cm in S. appendiculatum) that are
less than half the length of the apical leaflet on average. Some compound
leaves may only have a single lateral leaflet paired with a small indentation
or gap on the apical leaflet giving the leaf an asymmetrical appearance, a
feature which is not apparent in S. appendiculatum. Due to their small size,
the lateral leaflets can be overlooked on herbarium material. This is never
the case with S. appendiculatum, which has lateral leaflets roughly equiva-
lent to, or only slightly smaller than the apical leaflet (the apical leaflet is
ca. 2.5x longer than the lateral leaflet in S. tavinuuyuku vs. the apical leaflet
ca. 1.20x longer than the lateral leaflet length in S. appendiculatum) and is
clearly a compound-leaved species of 3-7 leaflets (vs. the often unifoliate
presentation of S. tavinuuyuku). Solanum appendiculatum does often pro-
duce violet-tinged flowers in populations collected in the Central American
Volcanic Arch, but produces mostly white flowers in the northern part of its
range, including the Sierra Madre del Sur populations. In sympatric popula-
tions, S. appendiculatum can be differentiated from S. tavinuuyuku by corol-
la color, both in the floral bud and in flower, longer peduncles (ca. 0.33 cm
in S. tavinuuyuku vs. ca. 1.05 cm in S. appendiculatum) and smaller pseu-
do-stipules (ca. 6.94 mm x ca. 3.83 mm in S. tavinuuyuku vs. ca. 5.32 mm x.
ca. 3.02 mm in S. appendiculatum).

Solanum tavinuuyuku also grows in sympatry with S. morelliforme Bitter
& Muench and some collections of S. tavinuuyuku have been mistaken for
that species, particularly due to its epiphytic, viny habit and long, lanceo-
late, simple leaves. However, S. morelliforme is a member of Solanum sect.
Petota (Spooner et al. 2004), the tuber-bearing species of the Potato clade,
which can easily be separated from Solanum sect. Anarrhichomenum by
their tubers, articulation of the pedicel above the base and lack of adventi-
tious roots at the nodes.
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Dioecy in Solanum

Dioecy has been identified in four of the thirteen infrageneric major and mi-
nor clades of Solanum, comprising only ca. 16 species to date (Anderson
et al. 2015; Williams et al. 2022; Gagnon et al. 2022; Hilgenhof et al. 2023),
with the majority occupying the so-called “spiny” Solanum group or subg.
Leptostemonum Bitter (Knapp et al. 1998; Martine et al. 2006, 2009, 2019;
Anderson et al. 2015). All known dioecious species in Solanum are mor-
phologically hermaphroditic, though some species are strongly dimorphic
and others are cryptic, as is the case with S. appendiculatum (Anderson
and Levine 1982). In a collection of ground-breaking studies, Anderson and
collaborators provided a suite of morphological and reproductive indicators
that are empirically strong, reliable lines of evidence that indicate dioecy in
Solanum (Anderson and Gensel 1979; Anderson and Levine 1982; Levine
and Anderson 1986; Anderson and Symon 1989; Mione and Anderson 1992;
Zavada and Anderson 1997; Anderson et al. 2015). These studies, along
with others (Knapp et al. 1998; Martine et al. 2009; Wu et al. 2021), have
characterized functionally female plants as possessing flowers that are
capable of bearing fruit with long styles exserted above the androecium,
well-developed, capitate stigmas and anthers that produce non-functional
inaperturate pollen or no pollen at all. Inaperturate pollen can be recognized
by their rounded shape and lack of apertures (Anderson and Gensel 1979)
and, in at least some species, are typically less nutritious and possess low-
er abundances of some amino acids essential for pollen tube development
(Mattioli et al. 2012, 2018; Ndem-Galbert et al. 2021). The mechanical in-
hibition of pollen tube growth, resulting from the improper development of
apertures and a reduced amino acid content, plays a key role in producing
the feminizing phenotype of inaperturate pollen grains in dioecious Solanum
species (Zavada and Anderson 1997; Ndem-Galbert et al. 2021). Function-
ally male plants, on the other hand, have flowers with short styles that are
equal to or shorter than the androecium with underdeveloped, more cylin-
drical stigmas, that normally do not bear fruit with viable seeds. Pollen pro-
duced by these individuals is tricolporate and fully functional (Anderson and
Levine 1982; Martine et al. 2016b) and has a convexly triangular shape in
polar view (Anderson and Gensel 1979; Knapp et al. 1998).

The dioecious sexual system of S. tavinuuyuku was first suggested by the pat-
tern of floral dimorphism described above. For example, two reliable collections
with both flowers and fruits connected on the same branch have long-styled flow-
ers and well-developed capitate stigmas (Croat 456217-a [BM, F, MO, NY, US], Guti-
errez 3075 [MEXU, SERO] and Calzada 719434 [LL, MEXU, NY]). Pollen grains de-
rived from the anthers of two similar representative pistillate plants (Croat 45517
[MQ] and Calzada 19434 [LL, MEXU, NY]) completely lacked apertures (Fig. 6),
resembling the rounded inaperturate grains from pistillate plants of S. appendic-
ulatum (Anderson and Gensel 1979; Knapp et al. 1998). In contrast, short-styled
flowering collections do not have fruits present on the same branch, have styles
that do not exceed the androecium and have truncated and underdeveloped stig-
mas (Calzada 19831 [LL, MEXU, NY], Tenorio 1414 [MEXU, NY], and Torres 14098
[MEXU]). Two of these three specimens (Calzada 198317 [LL, MEXU, NY], and Ten-
orio 1414 [MEXU, NY]) were available for direct observation (the other obtained
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as a digital image) and pollen sampled from these specimens all appeared tricol-
porate and convexly triangular (Fig. 6), much like the pollen of staminate plants
of S. appendiculatum (Anderson and Gensel 1979; Knapp et al. 1998).

One sheet of Rzedowski 159 (F) appears at first glance to violate the expected
morphological pattern typical of dioecy in Solanum. This exceptional specimen
presents both a short-styled flowering shoot and a fruiting shoot. The shoots
are mounted on the same herbarium sheet, but are disconnected. When exam-
ined, pollen grains sampled from both sheets of this collection rendered con-
vexly triangular, tricolporate pollen, as would be expected from a short-styled,
staminate flower. Taken together, it is highly unlikely that the flowering and fruit-
ing shoot are from the same individual. It is not uncommon for collectors to in-
tentionally take from a multitude of individuals representative of a population or
unintentionally mount together two individuals that have become intertwined.
Due to its anomalous presentation, inconsistency with the morphological pat-
tern evident in the majority of S. tavinuuyuku specimens and pollen morphology,
this collection is likely a mixture composed of a functionally male flowering and
female fruiting individual, representing a population rather than an individual.

Although investigations into pollen viability and tube growth in inaperturate
grains, seed set in short-styled flowers and genomic signatures of sex would be
ideal for definitively determining dioecy (Anderson and Levine 1982; Mione and
Anderson 1992; Anderson et al. 2015; Wu et al. 2021), the combination of floral
and pollen dimorphism in a robust sample of known collections of this species
is strong enough to confidently describe S. tavinuuyuku as dioecious.
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Abstract

Prunus luxurians, a new species from Buenaventura Reserve at El Oro province in
Ecuador is described and illustrated. Additionally, notes on its geographical distribution,
ecology, conservation status, and taxonomic affinities are documented. Prunus luxurians
has some vegetative and floral similarities with other Andean species, but the unique
combination of oblong-lanceolate leaves with prominent secondary and tertiary veins,
densiflorous floriferous shoots less than 5 cm long, sepals with two marginal glands
and flowers with turbinate hypanthium clearly differentiates it from the rest. This is the
first species of Prunus described from the western flank at elevation below 1500 m,
and particularly from a humid spot surrounded by dry areas (Tumbesian influence).
Other taxonomic novelties of Prunus on this flank can be expected, so further botanical
exploration is needed to better understand the diversity of the genus in the region.

Resumen

Se describe e ilustra Prunus luxurians, una nueva especie de la Reserva Buenaventura en
la provincia de El Oro en Ecuador. Ademas, se documentan notas sobre su distribucién
geografica, ecologia, estado de conservaciény afinidades taxondémicas. Prunus luxurians
comparte algunas similitudes vegetativas y florales con otras especies andinas, pero la
combinacién unica de hojas oblongo-lanceoladas con venas secundarias y terciarias
prominentes, brotes floriferos densifloros de menos de 5 cm de largo, sépalos con dos
glandulas marginales y flores con hipanto turbinado la diferencian facilmente del resto.
Esta es la primera especie de Prunus descrita del flanco occidental a una altitud inferior
a 1500 m, y particularmente de un lugar himedo rodeado de zonas secas (influencia
tumbesina). Se espera que existan otras novedades taxonémicas de Prunus en este
flanco, por lo que es necesaria una mayor exploracién botanica para comprender mejor
la diversidad del género en la region.

Key words: Buenaventura Reserve, El Oro, Neotropics, plant taxonomy
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Introduction

Prunus L. is almost a worldwide distributed genus with around 450 species
(Pérez-Zabala 2015) which includes several appreciated fruit crops (e.g. al-
monds, cherries, plums), ornamentals (e.g. cherry blossom), timber sources
(e.g. black cherry) and medicinal ones (e.g. African cherry). It is characterized
by a base haploid chromosome number = 8, presence of cyanogenic glycosides,
foliar glands, deciduous stipules, monocarpellate solitary pistil and drupaceous
fruit (Kalkman 1966; Potter et al. 2007). The species level taxonomy of Prunus
has been characterized by vague descriptions, minimal or absent taxonomic
discussions and typification uncertainty in several old names (McVaugh 1957;
Shaw and Small 2004). A major taxonomic revision is particularly complicated
considering that around 1230 species’ scientific names have been published
under Prunus, and more than 2000 names when considering those published
under other previously segregated genera and putative hybrids (IPNI12024). The
complexity of the species circumscriptions could be related to natural and hu-
man-driven hybridization in some groups (Shaw and Small 2004; Dickinson et
al. 2007; Rohrer 2015), underscored phenotypic plasticity (Bortiri et al. 2006),
but also to a lack of taxonomic assessment evidenced in many traditional de-
scriptions with limited morphological evaluation that understates potential im-
portant traits such as, for instance, leaf venation architecture (Pérez-Zabala
2015) and floral micromorphology (Kalkman 1966).

Although Prunus has been traditionally considered as a mainly north tem-
perate genus of deciduous species with marginal diversity of evergreen taxa in
mountain regions of the subtropics and tropics (Pennington and Dick 2004), re-
cent studies have shown that similar or even a higher number of species can be
found in the tropics (mostly in the Americas, followed by Asia and one species
in Africa) from lowlands to around 4000 m (Kalkman 1966; Pérez-Zabala 2015,
2022). All the tropical species and many subtropical ones have been traditionally
grouped in the subgenus Laurocerasus (Duh.) Rehd. based on the evergreen con-
dition and the racemose inflorescence. Particularly in the Neotropics, the most
important contribution to the knowledge of the genus has been the revisionary
work by (Koehne 1915) who recognized 59 taxa, 39 of them as novelties. How-
ever, Koehne himself recognized his work as provisional since the revision was
based on just 180 specimens mainly stored in European herbaria (most of the
species were known from one or few specimens) and made practical sub-treat-
ments with keys by geographic units (countries or group of them), annotating
that a consolidated series classification will require further work. After Koehne's
revision, the taxonomic contributions have been mostly isolated publications
of new species with no, or minimal, taxonomic discussion, for instance those
for Peru (Macbride 1934), Guatemala (Johnston 1938), Colombia (Cuatrecasas
1950), Mexico (Lundell 1968), Paraguay (Basualdo and Zardini 1992) and Vene-
zuela (Li and Aymard 1997). After those works, the last three published novelties
of the genus in the region were proposed by Pérez-Zabala (2007) for Colombia
based on a previous full taxonomic revision for the country (Pérez-Zabala 2005).

A renewed effort for understanding the diversity and evolution of Prunus
in the Neotropics has been done recently based on field work and a compre-
hensive study of more than 4000 collections in herbaria worldwide most of
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which have been collected during the last 40 years (Pérez-Zabala 2022) and
as a result numerous allegedly new species have been identified. Particularly,
for the flora of Ecuador, Romoleroux (1996) identified only five native species
of Prunus, a number that could be considered an underestimation since neigh-
boring countries like Peru and Colombia have more than 30 species each. They
also contain the regions where most of the diversity would be expected, along
the gradient of the Amazonian flank of the Andes and in inter Andean valleys
(Pérez-Zabala 2022). After field work and the examination of some collections
from a premontane cloud forest in El Oro province placed in the western flank
of the Andes in southern Ecuador, the authors found substantial differences
compared to previously published taxa known to the country and with respect
to any other species of the genus. Consequently, a new species is proposed
here, a full description is provided, morphological differences with similar
species are discussed, some ecological aspects of the taxa are examined,
and its conservation status is evaluated.

Materials and methods

Upon botanical exploration of one of the authors (A.J.Pérez) in the cloud forest
remnants at the Sambotambo Biron area, Reserve Buenaventura, owned and
managed by the Jocotoco Foundation (https://www.jocotoco.org.ec) in El Oro
province, during December 2021, a small population of an unknown species
of Prunus was found along the forest remnants borders of the region. To ass-
es taxonomic affinities of the new species we consulted taxonomic literature
of South American species and particularly the synopsis of the genus for the
Neotropics (Pérez-Zabala 2022), examined specimens at Herbaria GUAY, LOJA,
QCA and QCNE (acronyms follow Thiers (2024)), consulted photographic re-
cords on iNaturalist (https://www.inaturalist.org), and studied high-resolution
images of type material for Neotropical taxa (Tropicos database, https://www.
tropicos.org/ and the JSTOR global Plants website http://plants.jstor.org).

The botanical description follows terminology used by Stearn (2004), the
leaf morphology type was based on the terms of Hickey and King (2000)
and Wilhelm and Rericha (2020), leaf architecture (including venation) was
based on Ellis et al. (2009) and glandular position follows Pérez-Zabala
(2005). We retained the use of the concept of specialized shoot named
flowering shoot instead of the more general term inflorescence, considering
the comparable vegetative vs. flower shoot structure in Prunus (including
both deciduous and evergreen species) in terms of the presence of basal
cataphylls homologous to leaves (including fused stipules) (Kalkman 1966),
proleptic growth from resting lateral buds developing asynchronously with
respect to the subtending leaves (Costes et al. 2014), a predetermined
length and number of flowers, and flowers subtended by bracts homolo-
gous to reduced leaves (or sometimes well-developed leaves) (Kalkman
1966). Finally, to determine the conservation status of this new species, we
followed the guidelines for the use of categories and criteria of the IUCN
Red List version 16 (IUCN Standards and Petitions Committee 2024) based
on the indicators of criterion B; Geographical distribution is represented as
extent of occurrence (B1) and/or area of occupancy (B2).
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Taxonomy

Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban, sp. nov.
urn:lsid:ipni.org:names:77359711-1
Figs 1-3

Type. EcuADOR. El Oro: + Cantén Santa Rosa, Parroquia Torata, Buenaventura
Reserve, Jocotoco Foundation, 03°33'54.7"S, 79°46'47.5"W, 1300—1400 m, 22
Dec 2021 (fl), A.J. Pérez, P Mena-Olmedo, A. de la Cruz, J. Zambrano & L. Aguilar
11743 (holotype: QCA,; isotypes: LOJA, QCNE).

Diagnosis. Prunus luxurians has a unique combination of leaves oblong lance-
olate, cernuous in posture, around three times longer than wider, with prominent
secondary and tertiary veins, secondary veins curved toward the margin and appar-
ently eucamptodromous but becoming brochidodromous distally, base rounded
to subcordate, floriferous shoots erect, densiflorous, less than 5 cm long, sepals
with 2 marginal glands and flowers with turbinate hypanthium. Prunus integrifolia
(Presl.) Walp. share with the new species the leaf shape and transverse posture,
number of secondary veins, erect floriferous shoots and anthers of similar size;
but, the new species has leaves shorter than 14 cm (vs. more than 15 cm.), charta-
ceous (vs. coriaceous), with conspicuous venation (vs. relatively obscure), glands
submarginal and separated from the midrib (vs. attached to the midrib), turbinate
hypanthium (vs. wide turbinate) and erect pedicels (vs. recurved) (Fig. 4).

Description. Tree up to 11 m tall; main trunk bark brown, grooved, with brown
to light brown lenticels. Most recent growth units 2—-2.6 mm diam. at base, with
8-9 leaves per unit, glabrous, angled, reddish brown in vivo; lenticels (0.2-) 0.5-
0.9 x 0.1-0.4 mm, elliptic to narrowly elliptic, slightly protuberant, density up to
32 per centimeter (at the base of last growth units); cataphylls 2.8-3 x 3.5-4.1
mm, trapezoidal, trilobed at the apex, glabrous. Leaves alternate, distichous on
plagiotropic shoots, transversal posture cernuous when fresh; petioles 3.5-5.9 x
1-1.4 (-1.8) mm long, flexuous, longitudinally grooved, glabrous; stipules paired,
1.3-1.5 mm at the base (scar), ca. 3.5 mm long, oblong falcate, apex acute, ap-
parently deciduous when blades start expanding; leaf-blades (6.1-) 10-13.65 x
(2.9-) 3.5-4.65 cm, around three times longer than wide, oblong-lanceolate, equi-
lateral, chartaceous, conduplicate longitudinally, base rounded to subcordate,
apex acute; margin entire to slightly repand; upper surface lustrous, impressed
to slightly bulliform, glabrous; lower surface opaque, slightly rugose, glabrous;
midrib 0.6—-0.9 mm wide, slightly depressed above, prominent below, secondary
vein framework apparently eucamptodromous but becoming brochidodromous
distally, secondary veins 7-14 pairs, departing at 70—80 degrees from the midrib
and progressively curving up to 30 degrees after the first quarter and almost
parallel to the margin towards the end, slightly depressed above, raised below;
intersecondaries 1-3 per intercostal area, following up the proximal trajectory of
secondaries up to 20-30% of their length; tertiary intercostal opposite percurrent
sinuous, obtuse with respect to the midvein, epimedial tertiary alternate percur-
rent and perpendicular to midvein, distal course basiflexed, slightly depressed
above, impressed below, exterior tertiary veins looped; quaternary and higher
order veins inconspicuous; leaf glands 2, elliptic to circular, 0.5-1 x 0.5—-1 mm,
dark brown, sub-basal below the first pair of secondary veins, distanced (0.3-)
1-1.2 (-3.4) mm from the midrib and 0.2-0.9 mm from the margin. Floriferous
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Figure 1. Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban A habit B floriferous shoot C leaf lower surface
D, E leaf glands F flower G petal lower surface H petal upper surface | detail of petals and sepals (notice marginal
glands). A=l based on A.J. Pérez et al. 11743 (QCA). lllustrations by Natasha Alban.

shoots with a single axis, erect to suberect, present on the axils of all leaves and
cataphylls of the current growth units, axis (17-) 32-44.5 x 2.4-2.8 mm at the
base and keeping a similar width until the middle, light green in vivo, glabrous,
14-27 flowered with groups of 3-4 flowers closer together; first flower at ca
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Figure 2. Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban A habit B branch with
leaves and floriferous shoots C flowers. Photos by A.J. Pérez.

8 mm from the base; cataphylls 1.6—3.7 x 1.2—4.1 mm, glabrous, trapezoidal, flo-
ral bracts not seen. Flowers pedicellate, pedicels 1.5-5.4 x 0.3—1.4 mm, straight,
thickened at apex, white, glabrous; hypanthium 1.5-2.1 x 2—-3.5 mm, turbinate,
pale yellow, glabrous outside; sepals 0.7-1.2 x 0.7-1.5 mm, broadly triangular,
margin entire, apex acute, glabrous outside and inside, slightly reflexed, with two
marginal subapical glands that turn black when dry; petals 1.5-2.4 x 1.1-2 mm,
widely obovate, 0.4-0.6 (-0.8) mm wide at the basal claw, white, glabrous, apex
rounded, margin entire, and slightly involute, venation with 4-6 lateral branch-
es little conspicuous, eglandular; stamens 19-26, in two series, the outer series
(3—-3.2 mm long) longer than the inner one (1.5-2 mm long), glabrous, filaments
1.4-3.5 mm long, white, anthers 0.4-0.6 x 0.3-0.4 mm, basifixed with indorse
dehiscence, elliptic-oblong, yellow; pistil 2-4.5 mm long, ovary 0.3-1.2 x 0.2-
1.4 mm, glabrous, style 0.3-2.7 mm long, as long as or shorter than stamens,
glabrous, stigma 0.5-1.0 mm wide, discoid-lobed. Fruit not seen.

Etymology. We use the epithet luxurians to refer to the profuse blooming and
outstanding beauty of this species at its flowering time that make it very con-
spicuous at the lower and mid-strata of the forest where it inhabits.

Distribution, habitat and ecology. Known thus far only from the type locali-
ty in El Oro province, south-western Ecuador, a montane forest remnant at the
Sambotambo-Birdn area along the road to Cerro Pelado, between 1300-1600
m (Fig. 5). According to the Ministerio del Ambiente del Ecuador (2013) the type
locality lies in the Catamayo-Alamor evergreen piedmont forest (BsPn02) that
harbors high diversity and endemism (Ceron et al. 1999; Myers et al. 2000) as a
result of the Andes and Tumbesian region influence. In the Sambotambo-Birén
area a total of five individuals of Prunus luxurians were observed growing on the
borders of the forest remnants co-occurring with the following tree species: Guat-
teria microcarpa Ruiz & Pav. (Annonaceae), Dictyocaryum lamarckianum (Mart.)
H.Wendl., Wettinia kalbreyeri (R.Bernal) R.Bernal (Arecaceae), Guarea kunthiana
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Figure 3. Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban holotype collection A.J. Pérez et al. 11743 (QCA).

A.Juss. (Meliaceae), Roupala montana Aubl. (Proteaceae) and the recently de-
scribed Magnolia buenaventurensis A.J.Pérez & E.Rea (Magnoliaceae) and Bego-
nia jocotocoi A.J.Pérez & Tebbitt (Begoniaceae) (Pérez et al. 2023, 2024).
Phenology. Flowering from October to January and probably fruiting in July
to August (the latter according to testimonies of people living in the area).
Conservation status. Known only from a single herbarium collection of a
population of around five adults that we observed growing on the edges of
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Figure 4. Differences between Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban (B, D, F) and Prunus integrifolia
(Presl.) Walp. (A, C,E). A, B leaf abaxial surface C, D floriferous shoots E, F leaf gland. A, E sample Laegaard 17716 (QCA),
B, D, F A.J. Pérez et al. 11743 (QCA), and C Salinas 3788 (QCA).

the forest remnants in the Buenaventura Reserve, close to the road to Cerro
Pelado in the Sambotambo-Biron area. Based on the available information, and
according to the IUCN Red List Criteria and Guidelines (IUCN Standards and
Petitions Committee 2024), Prunus luxurians is preliminarily assessed as Criti-
cally Endangered (CR B2ab(iii)) because of its limited area of occupancy (AOO
< 5km2) and a single known population of around five individuals. Additionally,
mining and farming activities currently threaten the forest remnants around the
type locality. Priority reproduction studies and germination assays are needed
for attempting ex-situ conservation of this promising ornamental species.

Discussion

Prunus luxurians has similarities with some Andean species that display oblong
lanceolate leaves, transverse posture cernuous, secondary veins exmedially
curved and apparently eucamptodromous but distally becoming brochidodro-
mous, two leaf glands placed around the leaf base, floriferous shoots erect or
suberect, and anthers around 0.5 mm long like P. integrifolia, P. rugosa Koehne,
P, pearcei Rusby and P, pleiantha Pilger. However, all these four species have larg-
er leaves (generally starting from 15 cm), glands attached to the midrib, longer
flowering shoots (which may be also subflexuous) and recurved floral pedicels.
Other apparently eucamptodromous species are P. schultzeae Pilger from the
Amazon foothills below 500 m in Pastaza and Napo (Ecuador), and P. sana Mac-
br. and P, williamsii Macbr. from mid-elevation (700-1200 m) Amazon flanks in
northern Peru and Ecuador, and Cuzco in central Peru, respectively. However,
they all have elliptic leaves with acuminate to very acuminate apex, impressed
secondary veins, and little conspicuous tertiary veins, flexuous floral axis, and
smaller flowers with all parts smaller than P, luxurians. On the other hand, other
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Figure 5. Distribution map of Prunus luxurians Pérez-Zab., A.J.Pérez, Romol. & N.Alban
(red star) from south-western Ecuador. Map generated by A.J. Pérez & E. Rea.

Andean species with oblong to lanceolate leaves (P opaca (Benth.) Walp. and
P littlei Pérez-Zab.) generally have smaller leaves (up to 10 cm long), a clear-
ly brochidodromous secondary vein framework (relatively impressed and then
obscure when dry), flexuous floral axes and a campanulate hypanthium. Finally,
this is the first tropical species in which glands have been observed in the sepals,
but certainly, this character could have been unnoticed in previous descriptions
and may be present in some other Neotropical species. Marginal sepal glands
(sometimes as part of tooth) are present in Eurasian species like P armeniaca L.,
P, cerasifera Ehrh., P. cerasus L., P domestica L., P glandulosa Thunb., P. spinosa
L., P subhirtella Miq., P yedoensis Matsum., and in the North American species
P americana Marshall, P andersonii A. Gray, P. fremontii S. Watson, P. hortulana
L.H. Bailey, P mexicana S. Watson, P. murrayana E.J. Palmer, P. nigra Aiton, P. rivu-
laris Scheele, P. subcordata Benth., and P, texana D. Dietr. (Rohrer 2015).

Most of the species with a wide range of occurrences in the Andes grow above
1800 m (ca P, integrifolia, P, littlei and P. opaca), whereas species described from
the eastern foothills of the Andes below 1800 m have a relatively restricted distri-
bution (ca P amplifolia Koehne, P. sana, P. williamsii). Prunus luxurians is the first
species of Prunus to be described from the western flanks, at an altitude of less
than 1500 m, and in particular from a humid spot surrounded by dry areas (the lat-
ter known as the Tumbesian influence). Only three species of Prunus are known
from the west flanks of the Andes: Prunus megacarpa Pérez-Zab, P, rigida Koehne
and P subcorymbosa Koehne. Prunus megacarpa grows in very humid forests
between 1600 and 1900 m in northwestern Colombia, and is characterized by
obovate leaves, multiple leaf glands and very large fruits. Prunus rigida is found in
humid or sub-humid forest or shrublands above 2800 m from Cajamarca to Lima,
and has entire to dentate leaves, impressed venation, erect floral axis and anthers
larger than 1 mm long. The last species, P subcorymbosa, is widely distributed
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from Bolivia to Venezuela from 800 to 2500 m, and it has pubescent buds, young
leaves and floral axes, flowering shoots generally branched from the axils of the
cataphylls, hypanthium widely campanulate and pubescent, and fruits prolate
and longer than 15 mm. The western flanks of the Andes in Colombia and Ec-
uador have been poorly explored although a high diversity is expected due to the
presence of the hyperdiverse extremely humid Choco biogeographic region from
eastern Panama to central Ecuador (Pérez-Escobar et al. 2019), and the special
local climatic conditions found in the transition from humid to dry forest in south-
ern Ecuador (Ceron et al. 1999). Few collections of Prunus have been recorded
from the western flanks of the Andes, and some of those seen by the authors
correspond to taxonomic novelties, indicating that further botanical exploration is
necessary to get a better picture of the diversity of the genus in the region.
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Abstract

A new species from southern China, Lagerstroemia yangchunensis B.H.Wu & G.D.Chen,
sp. nov., is described in the present paper. This species is morphologically similar to
L. duperreana Pierre ex Gagnep., but can be distinguished by its coarse bark with vertical
fissures, calyx lobes glabrous inside, and flowers with shorter pseudopedicels and pet-
als with longer claws. Detailed morphological characteristics, habitat information, and
comparisons with similar species are provided.

Key words: Crape myrtle, Flora, new species, Yangchun

Introduction

Lagerstroemia L. (Lythraceae) is a significant genus known for its ornamental
value, notably for its vibrant summer blooms. Taxonomic revisions of Lager-
stroemia have been extensive, commencing with Koehne's monograph (Koehne
1883, 1903) and followed by subsequent revisions by Furtado and Srisuko (1969),
which recognized 53 species. Subsequently, regional taxonomic updates (Lee
and Lau 1983; Hewson 1990; Qin and Graham 2007; De Wilde and Duyfjes 2013,
2014, 2016; De Wilde et al. 2014) and additional species descriptions (Zhou et al.
2004; Gu et al. 2012, 2015; Deepu and Pandurangan 2017; Pham et al. 2017; De
Wilde and Duyfjes 2019; Wu et al. 2023) have refined our understanding of the
genus. Currently, the genus comprises ca. 52 species (Wu et al. 2023).

In recent years, we carried out several field surveys to gather germplasm
resources of Lagerstroemia in China. In 2024, we found an unknown Lager-
stroemia species with coarse and vertically fissured bark, a character uncom-
mon in Lagerstroemia species of Guangdong. After extensive morphological
comparisons and taxonomic analyses, we confirmed a new species which we
formally describe herein.

* These authors contributed equally to this work.
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Materials and methods

Morphological characteristics were analyzed based on observations of the liv-
ing plants in the field and dried specimens in herbaria. Measurements were con-
ducted manually with rulers or using Digimizer version 4.6.0 (MedCalc Software,
Mariakerke, Belgium). The voucher specimens were deposited in the herbarium of
South China Botanical Garden (IBSC), South China Agricultural University (CANT),
Sun Yat-Sen University (SYS) and China National Botanical Garden (CNBG).

Taxonomic treatment

Lagerstroemia yangchunensis B.H.Wu & G.D.Chen, sp. nov.
urn:lsid:ipni.org:names:77359970-1
Fig. 1

Type. CHINA * Guangdong: Yangchun City, Chunwan Town, Xinglong Country, in
forest, on sunny slope. 22.3327°N, 112.0097°E, 205 m a.s.l,, 28 Jun 2024 (fl),
B.H. Wu Lg2024142 (holotype: IBSC!; isotypes: CANT!, CNBG!, SYS!).

Diagnosis. Lagerstroemia yangchunensis is morphologically similar to L.
duperreana, but distinguished by its coarse bark with vertical fissures, calyx
lobes glabrous inside, and flowers with shorter pseudopedicels and petals with
longer claws.

Description. Trees to 15 m tall. Bark greyish brown, thick and coarse, verti-
cally fissured; branchlets glabrous, terete. Leaves alternate, rarely subopposite;
petiole 4-8 mm long, glabrous; leaf blade papery, margin entire, elliptic-oblong,
oblong, rarely obovate, 10—-14 x 3.5-5 cm, base cuneate to acute, apex acute,
acuminate, rarely obtuse, adaxial surface green, glabrous, abaxial surface pale
green, slightly pubescent along midvein, lateral veins brochidodromous, 10-15
on each side of midvein. Inflorescences paniculate, terminal or axillary; panicles
9-22 cm long, puberulous with whitish brown hairs. Pedicels 2-5 mm long,
densely whitish tomentose; flower buds densely whitish tomentose, obovoid
(excluding pseudopedicels), 7-9 mm long, pseudopedicel 2-3 mm long; flow-
ering calyx tubes (excluding pseudopedicels) cup-shaped, 6-8 mm long, out-
side densely whitish tomentose, distinctly 12-ridged, inside glabrous, lobes 6,
triangular to slightly acuminate, 2.5-4.3 x 2-3.5 mm, reflexed, epicalyx min-
ute, pseudopedicel 2.5-5 mm long; petals 6, crumpled, ovate to broadly ovate,
15-20 mm long including 9—10 mm long claw; stamens 30—40, dimorphic, with
6 stamens longer (21-24 mm long), thicker and the lower half reddish purple
in color, the remaining stamens shorter (10-13 mm long), thinner and white in
color, filaments glabrous; ovary glabrous, styles 22—-30 mm long, glabrous, stig-
mas small. Capsules oblong, smooth, 16-19 mm long, ca. 10 mm in diameter,
loculicidally dehiscent, 5-valved. Seeds 7—10 mm long including wing.

Phenology. Flowering from June to July, fruiting after July.

Distribution and habitat. Lagerstroemia yangchunensis is hitherto known
from its type locality, Chunwan Town, Yangchun City of Guangdong; only 4 indi-
viduals were found in the population. It grows in forest on sunny slopes at ca.
200 m elevation.

Etymology. The species epithet “yangchunensis” refers to Yangchun County,
the locality where this species was discovered.
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Figure 1. Lagerstroemia yangchunensis A canopy view during flowering period B stems C flowering branchlet of the inflores-
cence D flowering branch E fruiting branch F part of the abaxial leaf surface G floral axes H leaves | flower buds J flower K gy-
noecium L petals M longer stamens N shorter stamens O capsules P seeds. Photographed by Guo-Di Chen and Bao-Huan Wu.
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Table 1. Morphological Comparison of Lagerstroemia yangchunensis and other similar species.

Characters L. yangchunensis
Bark greyish brown, thick, coarse, vertically
fissured
Leaf shape elliptic-oblong, oblong, rarely obovate
Leaf size 10-14 cm long, 3.5-5 cm wide

Leaf surface adaxial surface glabrous, abaxial

surface slightly pubescent along midvein

Number of 10-15 on each side

lateral veins
Petiole length 4-8 mm

Panicle length densely whitish tomentose

Flower buds densely whitish tomentose, obovoid, 7-9
mm long, pseudopedicel 2-3 mm long
Calyx tube 6-8 mm long, distinctly 12-ridged
Calyx lobe 2.5-4.3 mm long, glabrous within
Petal length 15-20 mm long, including 9-10 mm

long claw

L. duperreana

light brown grey, thin, mottled
and dimpled

oblong, elliptic-oblong,
sometimes obovate

8-12(-15) cm long, 3-5
(=10) cm wide

glabrous

8-10 on each side

3-5mm
glabrous

short densely whitish hairy,
obovoid, ca. 6 mm long,
pseudopedicel 612 mm long

5-6 mm long, (indistinctly)
12-ridged
ca. 3 mm long, densely whitish
hairy in the upper part within

10-15 mm long, including ca. 5
mm long claw

L. speciosa

light brown, black when old, coarsely
vertically cracked and slightly flaking

elliptic, elliptic-oblong, or elliptic-ovate

10-25cm long, 6—12 cm wide

glabrous

(6-)8-14 on each side

6-15mm
glabrous

short-farinose, subglobose, ca.
0.5 mm long, pseudopedicel 3-8 mm
long

calyx tube 6—8 mm long, distinctly
12-ridged

up to 8 mm long, glabrous within

ca. 20 mm long, including ca. 5 mm
long claw

Vernacular name. The proposed Chinese name for Lagerstroemia yangchun-

ensis is FHHE 274 (yang chin zi wéi).

Discussion. Lagerstroemia yangchunensis is morphologically similar to L.
duperreana; however, it can be easily distinguished from the latter species by
several characteristics, such as bark coarse and vertically fissured, calyx lobes
glabrous inside and flowers with shorter pseudopedicels and petals with longer
claws. A detailed comparison is summarized in Table 1.

Having large inflorescences with flowers boasting vibrant purple colors, La-
gerstroemia yangchunensis is a potential ornamental species for urban land-
scaping or Lagerstroemia breeding. However, its restricted distribution to the
edge of a managed woodland in Chunwan Town poses significant threats to its
survival. The small and isolated population, coupled with interference from hu-
man activities in its habitat, makes this species highly vulnerable to extinction.
To ensure the species’ long-term viability and promote its sustainable develop-
ment, urgent conservation measures, such as habitat protection, seed banking,
ex situ cultivation, and public awareness campaigns, are necessary.

Additional specimen examined. CHINA « Guangdong Province: Yangchun
City, Chunwan Town, 22.3327°N, 112.0097°E, 205 m a.s.l., 28 Jun 2024 (f1), B.H.
Wu Lg2024147; ibid., 28 June 2023, B.H. Wu Lg2024143, Lg2024144.
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Abstract

Morphological characteristics and phylogenetic analyses clearly revealed that
Chimonobambusa damingshanensis should be a member of the genus Sinosasa, rath-
er than Chimonobambusa, and is a distinct species close to Sinosasa huapingensis
and S. mingyueshanensis. Morphologically, it differs from all the other known Sinosasa
species by internodes initially with white pubescent, culm leaf auricles absent and tri-
angularly subulate sheath blades, characteristics that are unusual in this genus. And
this morphological distinction warrants recognition of Ch. damingshanensis as a new
combination of Sinosasa.

Key words: Arundinarieae, new combination, phylogeny, taxonomy

Introduction

Sinosasa L.C.Chia ex N.H.Xia, Q.M.Qin & Y.H.Tong (Poaceae, Bambusoideae),
was first recognized as a genus of the temperate woody bamboo (i.e. Arundi-
narieae) by Q. M. Qin et al. (2021), and segregated from the genus Sasa Makino
and Shibata (1901). It is characterized by racemose synflorescences, 3 sta-
mens, 2 stigmas per floret, branches solitary and supranodal ridge strongly
raised (Qin et al. 2021). So far, 8 species endemic to subtropical areas of China
(Qin et al. 2021; Li et al. 2023), were included in the genus.

Chimonobambusa damingshanensis Hsueh & W. P. Zhang (1988) was de-
scribed based on the only collection C. J. Hsueh 8605 from Daming Mountain,
Nanning, Guangxi Province, China. It is widely accepted in the flora accounts
and monographs (Ohrnb 1990; Zhu et al. 1994; Hsueh and Wang 1996; Li and
Stapleton 2006; Yi et al. 2008; Yi et al. 2009; Maria et al. 2018). In the proto-
logue, it is described as “Rhizoma ampnipodiale; culmi graciles, erecti, caespi-
tosi...; nodis culmorum plane protuberantibus, nodis vaginarum...basi 1-2 nodis
radicibus aeriis...; Rami 1-3... Rami florum foliati; Ramuli florum basi 4-5-brac-
teati..”. All the important characters provided by the authors fit well with the
circumscription of Chimonobambusa. After careful examination of the types
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(SWFC), we realized that the racemose synflorescence with real spikelets were
misinterpreted as pseudospikelets and then the species Ch. damingshanensis
is definitely not a member of the genus Chimonobambusa. In order to clarify
the identity, we launched a special expedition to the type locality of the spe-
cies, i.e. Daming Mountain, Nanning City, Guangxi Province of China, where only
one bamboo with leptomorph rhizome, culm nodes prominent, culm sheath
blades extremely small and foliage leaves with very long ligule, was found and
it matches the protologue of Ch. damingshanensis very well. It is easily rec-
ognized as a member of Sinosasa rather than Chimonobambusa from branch
compliment 1 per node, very prominent culm nodes and long ligule of foliage
leaves. So, after comprehensive study, including morphological investigation,
phenological observation, and phylogenetic reconstruction, Chimonobambusa
damingshanensis was herein formally treated as a member of the genus Si-
nosasa, rather than Chimonobambusa.

Materials and methods

The specimens of Chimonobambusa damingshanensis were obtained from
field trips in 25 December of 2024. Its type specimen, C. J. Hsueh 8605, depos-
ited in the Herbarium of Southwest Forestry University (SWFC), was examined.
Some detailed characters, e.g. sheath ligule, were observed with hand lens and
stereomicroscope (Leica S6D).

A total of 24 species representing 10 genera of the tribe Arundinarieae (Bam-
busoideae) were utilized to reconstruct a phylogeny based on complete chloro-
plast (cp) genome, among which Bambusa sinospinosa McClure and B. emei-
ensis L. C. Chia & H. L. Fung were set as the outgroup taxa. All these sequences
were previously published in GenBank. Accession numbers and voucher infor-
mation are listed in Table 1.

By using the Plant Genomic DNA Kit (TSINGKE), total genomic DNA of Ch.
damingshanensis was extracted from young and healthy leaves, and then sent
to Novogene for DNA sequencing under the lllumina NovaSeq 6000 platform.
A total of 40 G genome skimming data was used to assemble the complete
chloroplast genome by GetOrganelle v 1.7.4 (Jin et al. 2018) using Amborella
trichopoda Baill. (accession number: NC_005086) and Chimonobambusa lu-
zhiensis (J.R. Xue & T. P. Yi) T. H. Wen & Ohrnb. (accession number: NC_062708)
set as the reference, with k-mer values of 21, 45, 65, 85, 105, 125 bp. The Ban-
dage software (Wick et al. 2015) was employed to graphically visualize the as-
sembled chloroplast. The complete chloroplast (cp) genome was annotated,
and manually corrected in Geneious v9.1.4 (Kearse et al. 2012).

The matrix of all the whole chloroplast genomes was aligned in MAFFT v.
7.490 (Katoh and Standley 2013). Phylogenetic trees were constructed by us-
ing Maximum Likelihood (ML) and Bayesian Inference (Bl). ML analysis was
generated by IQ-TREE v.1.6.8 (Nguyen et al. 2015). Bl analysis was generated
by using MrBayes v 3.2.6 under the Akaike information criterion (AIC) (Ronquist
et al. 2012). The best substitution model of TPM1uf was defined by jModelt-
est2 2.1.6 (Darriba et al. 2012).

Posterior Probability (PP) was obtained from Metropolis-coupled Markov
Chain Monte Carlo (mcmc nruns = 2; ngen = 10,000,000; printfreq = 1,000; sam-
plefreq = 1,000; nchains = 4; 25% burn-in).
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Table 1. List of 24 bamboo taxa sampled in the present study with related voucher and GenBank accession information.

Taxon
Ingroup

Acidosasa purpurea (Hsueh & T.P. Yi) Keng f.

Ampelocalamus actinotrichus (Merr. & Chun) S.L. Chen, T.H. Wen & G.Y. Sheng

Chimonobambusa angustifolia C.D. Chu & C.S. Chao
Chimonobambusa damingshanensis Hsueh & W. P. Zhang
Chimonobambusa hejiangensis C.D. Chu & C.S. Chao
Chimonobambusa purpurea Hsueh & T.P. Yi

Chimonobambusa quadrangularis (Fenzi) Makino
Chimonobambusa sangzhiensis (B.M. Yang) N.H. Xia & Z.Y. Niu
Chimonobambusa tumidissinoda Ohrnb.

Chimonobambusa utilis (Keng) Keng f.

Hsuehochloa calcareus (C.D. Chu & C.S. Chao) D.Z. Li & Y.X. Zhang
Indocalamus sinicus (Hance) Nakai

Indosasa crassiflora McClure

Indosasa shibataeoides McClure

Oligostachyum shiuyingianum (L.C. Chia & But) G.H. Ye & Z.P. Wang
Pleioblastus amarus (Keng) Keng f.

Pleioblastus maculatus (McClure) C.D.Chu & C.S.Chao

Sasa veitchii Rehder

Sinosasa fanjingshanensis N.H. Xia, Q.M.Qin & J.B. Ni

Sinosasa gracilis B.M.Yang

Sinosasa guangxiensis (C.D.Chu & C.S.Chao) N.H. Xia, Q.M. Qin & X.R. Zheng
Sinosasa longiligulata (McClure) N.H. Xia, Q.M. Qin & J.B. Ni
Outgroup

Bambusa emeiensis L.C. Chia & H.L. Fung

Bambusa sinospinosa McClure

Results

Voucher information

Zhang08023 (KUN)
MPF10003 (KUN)
Wu20210053 (YAFG)
WM241225 (NF)
GACP (NMGU)
LW20200602-01 (CAAF)
CIMPC-RFM-20210302 (CMPC)
NZY109 (IBSC)
MPF10083 (KUN)

Not provided by the author
MPF10050 (KUN)
ZMY037 (KUN)
BH58 (IBSC)
MPF10028 (KUN)
DZL09122 (KUN)
Zhang Yu-QuC373 (SANU)
MPF10161 (KUN)
LC1325 (ISC)
BH124 (IBSC)
LX153 (IBSC)
CZY173 (IBSC)
CZY163 (IBSC)

Zhang08019 (KUN)
Li043 (KUN)

HQ337793
MF066245
0K040768
PV021571
MT884004
MW030500
MW928533
0M867788
MF066244
0K040769
KJ496369
MF066250
0K558536
MF066251
JX513423
MH988736
JX513424
KU569975
0P850348
0P973764
0P850352
0P850351

HQ337797
MK679807

Accession number

The chloroplast genome size of Chimonobambusa damingshanensis is 139,964 bp
and those of all the samples ranged from 139,394 bp (Bambusa multiplex L. C. Chia
& H. L. Fung) to 140,013 bp (Sinosasa gracilis) with an alignment of 159,910 bp.
The phylogenetic tree topology generated by ML and Bl analyses was somewhat
congruent, differing only in the support values of the nodes, so only the ML tree
was shown with nodal support values from both methods labelled (Fig. 1). As
shown in the majority-rule consensus tree, Chimonobambusa damingshanensis
is distantly related to other Chimonobambusa species, but forms a monophyletic

clade with four Sinosasa species with nodal support (BS = 77% and PP = 1.00).

Morphologically, Chimonobambusa damingshanensis resembles Sinosasa
huapingensis N.H.Xia, Q.M. Qin & Y.H. Tong and Sinosasa mingyueshanensis
N.H.Xia, Q.M.Qin & X.R. Zheng in having branches solitary, culm leaf auricles
absent, foliage leaf auricles and oral setae present (Figs 2, 3). However, it can
be easily distinguished from the latter two species by the morphological char-

acters (Table 2).
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Figure 1. Phylogenetic relationships among Chimonobambusa damingshanensis and other 21species of Arundinarieae,
based on plastid genome dataset with Maximum Likelihood and Bayesian analysis. Numbers above branches indicate
maximum likelihood bootstrap support (BS) and posterior probabilities (PP), respectively.

Table 2. Morphological comparison of Chimonobambusa damingshanensis and two related species.

Morphology

Young culm
internodes

Sheath blades
Foliage leaf sheaths
Oral setae

Number of leaves on
ultimate branch
Number of
secondary veins of
blades

blades both
surfaces

Ch. damingshanensis S. huapingensis S. mingyueshanensis

white pubescent gradually sparsely brown hirsute gradually upper part initially densely brown

glabrous deciduous strigose, gradually glabrescent
Triangularly subulate Lanceolate Lanceolate

Glabrous Puberulent Glabrous

4-8,2.5-6 mm 2-4,2-6 mm 4-6,10-20 mm
5-10 8-17 6-7
3-4 (6) pairs 5-7 pairs 6-7 pairs
glabrous adaxially glabrous, abaxially glabrous
puberulent
Discussion

Our phylogenetic analysis demonstrated that Sinosasa is monophyletic (Fig.
1), consistent with the previous studies (Zeng et al. 2010; Guo et al. 2021).
Chimonobambusa damingshanensis are described in the protologue as having
2 stigmas, and are observed in the type specimens as having true spikelets and
3 stamens. Molecular evidence from the plastid and morphological evidence

PhytoKeys 255: 41-50 (2025), DOI: 10.3897/phytokeys.255.148471 44



Yi-Ting Zhang et al.: Sinosasa damingshanensis a new combination

further confirmed that Chimonobambusa damingshanensis should be a mem-
ber of Sinosasa rather than Chimonobambusa, and thus a new combination in
Sinosasa is proposed.

Taxonomic treatment

Sinosasa damingshanensis (Hsueh & W.P.Zhang) N.H.Xia & Y.L.Ding, comb. nov.
urn:Isid:ipni.org:names:77359971-1
Figs 2—-4

Basionym. Chimonobambusa damingshanensis Hsueh & W. P. Zhang, Bamb.
Res. 7(3): 5. (1988).

Lectotype (here designated). CHINA * Guangxi, Nanning, Wuming, Daming
Mountain, 12 Nov. 1986, C. J. Hsueh 8605 fl. (Lectotype: SWFC!).

Revised description. Shrubby bamboos. Rhizomes leptomorph, rhizome inter-
nodes cylindrical, 2.45-4.75 cm long, nearly solid; nodes prominent, 2—4 roots
at each node; rhizome bud ovate, ca. 4 mm high. Culms 1.5-2 m tall, 5-8 mm
in diam; internodes terete, 5.4-13 cm long, initially with white pubescent gradu-
ally glabrous; supranodal ridge conspicuous, intranodes glabrous, 3—4 mm tall,
infranodal region with a creamy-yellow and sericeous ring; branches solitary at
each branching node. Culm bud solitary, triangular-ovate, sunken into supranodal
ridge. Culm leaf sheaths persistent or tardily deciduous, papery, shorter than or
as long as internode, abaxially glabrous or sparsely strigose, 6.8—13.3 cm high;
sheath scar flat or slightly prominent; auricles and oral setae absent; blades erect,
triangularly subulate, 1.6-4.5 mm high, glabrous. Foliage leaves 5-10 per ulti-
mate branch; foliage leaf sheaths glabrous, purple or purple-green; auricles linear,
1-2 mm wide; oral setae erect or curled, 4-8, pale yellow, 2.5-6 mm long, easily
deciduous when old; ligules developed, (3.3) 6-10 (—16) mm high, papery. Blades
lanceolate, papery, 12.5-31.7 x 1.0—4.9 cm, both surfaces glabrous, margins ser-
rulate along both sides, secondary veins 3—4 (6) pairs, significantly elevated on
the lower leaf surface. The unit of the inflorescence raceme-like; lemma papery,
ovate-lanceolate, ca. 10 mm long, glabrous; palea shorter than lemma, 6—7 mm
long, 2-keeled; 2 stigmas, 3 stamens; ovary ellipsoid; style short. Fruit unknown.

Notes. Chimonobambusa damingshanensis Hsueh & W. P. Zhang was origi-
nally described based on C.J. Hsueh 8605 which contains multiple specimens.
According to the ICN (Turland et al. 2018) Art. 8.1, “The type (holotype, lecto-
type, or neotype) of a name of a species or infraspecific taxon is either a single
specimen conserved in one herbarium or other collection or institution, or a
published or unpublished illustration”, C.J. Hsueh 8605 fl. (SWFC, floriferous
specimen) is designated here as the lectotype of Ch. damingshanensis. It has
flower specimens and is more complete.

Phenology. New shoots produced during April to May.

Chinese name. KW 1li#£7%77(Chinese pronunciation: da ming shan hua
chi zha).

Distribution and habitat. Broad-leaved forests; It is endemic to Daming
Mountain in Wuming District, Guangxi, China.

Additional specimen examined. Sinosasa damingshanensis: CHINA « Guangxi:
Nanning, Wuming, Daming Mountain, 23°29'43.9"N, 108°26'14.0"E, alt. 1224-
1445 m a.s.l.,, 25 December 2024, Y. L. Ding & Y. T. Zhang WM241225 (NF!).
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Figure 2. Chimonobambusa damingshanensis Hsueh & W. P. Zhang. A-D C.J. Hsueh 8605 (SWFC!). Photo by Yi-Ting Zhang.
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Figure 3. Sinosasa damingshanensis A habitat and plants B foliage leaf branches C solitary branch D leafy branchlet
and culm E, F culm and culm sheath G adaxial view of sheath blade H branch complements with a solitary primary axis
I, L, P culm bud J abaxial view of sheath blade K culm node M leaf sheath, ligule and oral setae N basal culm nodes with
root thorns (uncommon) O development of bamboo shoot under the ground. Scale bars: 1 cm (G, J).
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F distribution map of Sinosasa damingshanensis in Nanning, Guangxi, China. Scale bars: 1 cm (A, B).
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Abstract

Astragalus L.isthe largest genus worldwide, comprising more than 3,100 species belonging
to 250 sections. In Mongolia, approximately 130 species, including 15 endemic and 25
subendemic species have been previously recognized from 42 sections and 6 subgenera.
In this study, we investigated several species within section Laguropsis in Mongolia based
on extensive morphological analyses and molecular evidence. Based on these results,
we describe three new species and a new section. Two of the newly described species,
A. oyunicus and A. teshigicus, belong to the section Laguropsis, whereas the remaining
species, A. uvsicus, is the type species of the new section Uvsicus. Furthermore, our findings
revealed that (i) A. tamiricus, previously considered endemic to Mongolia, is an additional
synonym of A. laguroides, and (ii) A. gobi-altaicus, previously a synonym of A. laguroides,
is an independent species. Finally, we provide taxonomic nomenclature, morphological
observations, distribution maps and wild photo illustrations of each species.

Key words: Astragalus, DNA barcoding, flora of Mongolia, new section, new species

Introduction

Astragalus L., which belongs to the Fabaceae family, is one of the largest gen-
era of angiosperms, with more than 3,100 species belonging to 250 sections
(Podlech and Zarre 2013; POWO 2024). This genus is widely distributed in Asian
countries (Maassoumi and Ashouri 2022), particularly in Iran with 850 species
followed by 400 in China (Xu and Podlech 2010), 320 in Kazakhstan (Abdulina
1998; Perezhogin et al. 2023), 273 in Uzbekistan (Tojibaev et al. 2015; Sennikov
et al. 2016), 270-280 in Kyrgyzstan (Sytin and Lazkov 2018), 150 in Pakistan
(Khan et al. 2023), and 90 in Siberia (Vydrina 2006). A recently published check-
list of the Tian Shan flora contains at least 222 Astragalus species, 82 of which
are endemic (Sennikov and Tojibaev 2021). A distinctive feature of the flora of
the Mediterranean, Iran, and Central Asia is the rich diversity of species of the
genus Astragalus. This genus occupies first place in the spectrum of leading
genera in the Iran-Turanian flora (Tojibaev et al. 2015). Central Asia is home to
at least 650 Astragalus species. Morphologically relatively homogeneous and
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diverging no earlier than the Late Miocene, it comprises some of the highest
diversification rates documented thus far in angiosperms (Folk et al. 2024).
Taxonomic identification of Astragalus is difficult and complicated worldwide.
However, a number of new species have been discovered based on morphol-
ogy (Sytin and Lazkov 2018; Yang et al. 2024) and in combination with mor-
phology and molecular pieces of evidence (Gao et al. 2009; Bagheri et al. 2016,
2022; Erkul et al. 2022). In addition, researchers have studied the seed testa
morphology of selected Astragalus species to explore their taxonomic signifi-
cance (Shemetova et al. 2018; Kashyap et al. 2021).

Recently, numerous studies have conducted molecular analyses, such as DNA
barcoding, including that on the internal transcribed spacer (ITS), two chloroplast
regions (matK and rbcL) (Gao et al. 2009; Zhang and Jiang 2020; Bagheri et al.
2022, 2023; Erkul et al. 2022; Baasanmunkh et al. 2024a) and comparative com-
plete plastomes (Tian et al. 2021; Moghaddam et al. 2023). According to their
research, ITS markers have been successfully identified in most Astragalus spe-
cies, outperforming chloroplast regions (matK and rbcL) in terms of recognition
(Bagheri et al. 2016; Zhang and Jiang 2020; Baasanmunkh et al. 2024a).

In Mongolia, 127 Astragalus species belonging to 42 sections and 6 subgen-
era were recognized (Ulziykhutag 1989, 2003, 2004; Baasanmunkh et al. 2022).
Additionally, three new records of Astragalus were recently found in the Mongo-
lian flora based on morphological and molecular evidence (Baasanmunkh et al.
2024a, b). In general, Astragalus exhibits relatively high endemism in Mongolia
compared to other major genera (Baasanmunkh et al. 2021). In particular, 15
and 23 species are currently endemic and subendemic to the country (Baas-
anmunkh et al. 2021, 2022), respectively.

The section Laguropsis Bunge comprises approximately 44 species distributed
in Central Asian countries and Russia (Siberia) (Podlech and Zarre 2013; Tojibaev
et al. 2015). In the past, several new species of the section Laguropsis were dis-
covered in Mongolia, including A. gobi-altaicus N.Ulziykh (Ulziykhutag 1990) and
A. tamiricus N.Ulziykh. (in Biazrov et al. 1989). Recently, two new species, A. ad-
mirabilus Pyak & E.Pyak and A. liuaiminii Z.Z.Yang & Q.R.Liu, were described from
the Altai Mountains (Russia and Mongolia) (Pyak and Pyak 2019) and Xinjiang
(China) (Yang et al. 2024), respectively. In Mongolia, 17 species from the section
Laguropsis were reported, including two endemic species (Baasanmunkh et al.
2021;2022). Among these, A. gobi-altaicus, endemic to Mongolia, has been treat-
ed as a synonym for A. laguroides Pall. by Xu and Podlech (2010).

In the present study, we focused on the A. laguroides complex, the most
closely related species within the section Laguropsis. Based on our results, we
describe three new species and one new section of Astragalus from Mongolia
based on extensive morphological analysis and nrDNA barcoding.

Materials and methods
Taxon sampling

We have been conducting field surveys since 2017 to collect fresh samples of
Astragalus, including detailed wild photographs and leaves across Mongolia.
We collected more than 500 herbarium specimens of Astragalus that were de-
posited in the herbaria of the National University of Mongolia (UBU). In addition,
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we examined herbarium specimens from the following herbaria: ALTB, LE, MW,
NS, GFW, TASH, UBA, UBU (Thiers 2023) and FloraGREIF (https://floragreif.uni-
greifswald.de). A point distribution map was produced based on the herbarium
specimens using ArcGIS (Esri 2012).

DNA extraction, amplification, and sequencing

Total genomic DNA was extracted from silica gel-dried leaves using the CTAB
method (Doyle and Doyle 1987). A total of 25 samples were extracted from eight
species. The nuclear ITS region (White et al. 1990) was used for amplification
and sequencing. PCR was performed as previously described (Baasanmunkh
et al. 2024a). PCR products were sequenced in both directions by Macrogen
(Seoul, Korea). DNA sequences were visually checked and manually trimmed
in Geneious Prime 2024.0.7 (www.geneious.com). Automatic alignment of the
trimmed sequences using the ClustalW (Thompson et al. 2002) algorithm and
construction of a consensus dataset were performed using BioEdit Sequence
Alignment Editor v.7.2.5 (Hall et al. 2011). The DNA sequences generated in
this study have been deposited in GenBank (www.ncbi.nlm.nih.gov).

Phylogenetic analysis

The constructed ITS dataset included 20 Astragalus species, including 8 newly se-
quenced Astragalus species from Mongolia, with previously sequenced species
from Zhang and Jiang (2020) and Baasanmunkh et al. (2024a). Phyllolobium bal-
fourianum (N.D.Simpson) M.L.Zhang & Podlech was selected as an outgroup ac-
cording to Zhang and Jiang (2020). Detailed information on the sample taxa, Gen-
Bank accession numbers, and references for each sample are provided in Table
1. Phylogenetic analyses were conducted using maximum parsimony (MP) meth-
ods in RAXML v.8.2.11 (Stamatakis 2014) as implemented in Geneious, with the
best-scoringmaximum likelihood (ML) tree algorithmand 1000 bootstrapreplicates.
The reconstructed trees were visualized using FigTree v.1.4.2 (Rambaut 2012).

Results and discussion

We partially revised the section Laguropsis belonging to the subgenus Cercido-
thrix in Mongolia based on morphological and molecular analyses in the pres-
ent study. Here, we described three new species, A. oyunicus, A. teshigicus, and
A. uvsicus, from eastern, northern, and western Mongolia. In addition, we de-
scribed a new section, Uvsicus, based on A. uvsicus. Furthermore, the taxonomic
status of some species, such as A. tamiricus, was previously endemic to Mongo-
lia and an additional synonym of A. laguroides. In contrast, A. gobi-altaicus was
synonymous with A. laguroides, an independent species from A. laguroides.

DNA barcoding

The aligned ITS region was 598 bp long with 174 variable characteristics,
21 of which were parsimony informative. The ITS1 sub-region included an
11 bp parsimony-informative site, which was slightly variable compared to the
others. The phylogenetic tree showed that the ITS sequence data supported
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Table 1. Detailed information on species, section, subgenus name, GenBank accession numbers, and references of the

samples used in this study.

No

subgenus Cercidothrix

1

2 | A.dilutus

3 | A dilutus

4 A dilutus

5 | A dilutus

6 | A dilutus

7 A dilutus

8 | A. teshigicus

9 | A tamiricus

10 | A. tamiricus

11 | A. tamiricus

12 | A. laguroides
13 | A. laguroides
14 | A. laguroides
15 | A. laguroides
16 | A. gobi-altaicus
17 | A. gobi-altaicus
18 | A. ochrias

19 | A lupulinus

20 | A. oyunicus

21 | A. oyunicus

22 | A. oyunicus

23 | A. uvsicus

24 | A. uvsicus

25 | A. uvsicus

26 | A. ammodytes
27 | A. gubanovii
28 | A. testiculatus
29 | A. hypogaeus
30 | A. junatovii

31 | A teskhemicus
subgenus Hypoglottis
32 | A danicus

Astragalus dilutus

Species name

33 | A laxmannii

34 | A. tibetanus

subgenus Astragalus

35 | A bhotanensis

36 | A. skythropos

37 | Phyllolobium
balfourianum

Specimen code

UBU0004768
UBU0003441
UBU0032545
UBU0042005
UBU0042001
UBU0036425
UBU0042002
UBU0002138
UBU0039103
UBU0010820
UBU0040555
UBU0026340
UBU0026328
UBU0006948
UBU0039105
UBU0012226
UBU0030804
UBU0006593
UBU0026235
UBU0034202
UBU0039102
UBU0014416
UBU0039100
UBU0039101
UBU0027685

Section

Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Laguropsis
Uvsicus
Uvsicus
Uvsicus
Ammodytes
Macrotrichoides
Mixiotricha
Trachycercis
Trachycercis

Trachycercis

Hypoglottis
Hypoglottis
Hypoglottis

Brachycephali
Skythropos

Country

Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia

Mongolia

Russia
China

Kazakhstan

China
China
China

GenBank accession
number

PQ492291
PQ492292
PQ492293
PQ492294
PQ492295
PQ492296
PQ492297
PQ492298
PQ492299
PQ492300
PQ492301
PQ492302
PQ492303
PQ492304
PQ492305
PQ492314
PQ492315
PQ492306
PQ492310
PQ492311
PQ492312
PQ492313
PQ492307
PQ492308
PQ492309
OR527932
OR527933
OR527928
OR527930
OR527929
OR527931

0Q106945
MT923540
0Q106946

MF044289
MF044266
MF044295

Reference

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study

this study
Baasanmunkh et al. (2024a)
Baasanmunkh et al. (2024a)
Baasanmunkh et al. (2024a)
Baasanmunkh et al. (2024a)
Baasanmunkh et al. (2024a)
Baasanmunkh et al. (2024a)

Unpublished
Unpublished
Unpublished

Zhang and Jiang (2020)
Zhang and Jiang (2020)
Zhang and Jiang (2020)

the monophyletic status of the genus Astragalus with strong bootstrap support
(Fig. 1). A newly sequenced Astragalus species from Mongolia nested within a
species from the subgenus Cercidothrix. Molecular phylogenetic studies show
that most Astragalus is monophyletic (Kang et al. 2003). Our phylogenetic
results showed the same topology as in a previous study.
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Figure 1. Phylogenetic tree of Astragalus species based on ITS sequences. Newly sequenced samples are indicated
with UBU specimen code. The bootstrap support values above 70% are shown at branch level. CHN, MGL, KAZ, and RUS
samples are from China, Mongolia, Kazakhstan, and Russia, respectively.
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Taxonomic treatment

Astragalus subgenus Cercidothrix Bunge, section Laguropsis Bunge, Mém.
Acad. Imp. Sci. Saint Pétersbourg 11(16): 137 (1868). (Fig. 2)

Astragalus laguroides Pall., Reise Russ. Reich. 3(2): App. 750 (1776).

Fig. 2

= Astragalus lagurus Pall., Sp. Astragal.: 18 (1800).
= Saccocalyx laguroides (Pall.) Steven, Bull. Soc. Imp. Naturalistes Moscou 4:

269 (1832).

= Tragacantha laguroides (Pall.) Kuntze, Revis. Gen. PI. 2: 945 (1891).
= Astragalus tamiricus N.Ulziykh. in L.G.Byazrov & al., Fl. Khangaya: 124 (1989).
syn. nov. * Type. Mongolia. Khangai region: « Arkhangai province, Ikhtamir
soum, Khoid Tamir river, monasterium Tzetza-Van, shrublands, 19 August
1926, N. Pavlov (Holotype LE01017820!, Paratype LEO1017821!, Paratype
LE01017822!, Isotype MW0593230!).
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Type. Mongolia. circa Selenga river, PS. Pallas [BM! (Fig. 6D)].

Diagnosis. Astragalus laguroides is a type species in the section Laguropsis
(Podlech and Zarre 2013). This species is widely distributed in central and west-
ern Mongolia. According to the description of A. tamiricus, some morpholog-
ical characteristics, such as racemes, leaflets, stipules, and flowers, including
calyx, standard, keel, and wings, are slightly smaller than A. laguroides (Biazrov
et al. 1989). However, our studied samples of A. tamiricus, collected from the
type location in Arkhangai Province, clustered with A. laguroides based on our
phylogenetic tree (Fig. 1). Therefore, we treated A. tamiricus as an additional
synonym of A. laguroides in this study.

Description. Plants perennial 8—15(-20) cm tall, acaulescent or nearly so,
in vegetative parts covered with medifixed, appressed white hairs. Stems, if
present, up to 1 cm, angular-sulcate, densely hairy. Stipules 6—8(-10) mm, nar-
rowly triangular-acuminate, adnate to the petiole for ¢. 3-4 mm, otherwise free
from each other, covered with spreading or ascending hairs. Leaves 3-14(-18)
cm; petiole 1.5-5(-8) cm, like the rachis rather densely to densely, more rarely
loosely hairy. Leaflets in 3—5(—8) pairs, in the basal leaves often only in 1-2
pairs, narrowly elliptic to more rarely elliptic, 8—25(-40) x 3—-6 mm, acute, on
both sides rather densely appressed hairy. Peduncles 2—12 cm, rather densely
covered with symmetrically to asymmetrically bifurcate, appressed to subap-
pressed white hairs, toward the raceme sometimes also with some black hairs
mixed in. Racemes ovoid, 2-4(-6) cm long, densely many-flowered. Bracts lin-
ear-acute, 4-8 mm, covered with asymmetrically bifurcate, at the margins with
basifixed white hairs. Calyx at anthesis tubular, soon becoming ovoid-inflated,
11-14 mm, loosely to rather densely covered with asymmetrically bifurcate to
basifixed, tangled, spreading white hairs 1-2 mm, at outer side of the teeth
and sometimes at the nerves of the tube also with black hairs; teeth subulate,
3-4 mm. Petals violet. Standard 17-20 mm; blade 6-7 mm wide, narrowly obo-
vate, apex emarginate. Wings slightly shorter than standard, ca. 14-18 mm
long; blades narrowly oblong, rounded, 5.5-7 x 1.5-2 mm; auricle T mm, claw
9-10 mm. Keel 13-15 mm; blades 4-4.5 x 1.8—-2.2 mm; claw 9—-10 mm. Ova-
ry sessile, narrowly ellipsoid. Pods enclosed in the calyx, sessile, oblong, (6)
7-8 x 2-3 mm long, keeled ventrally, slightly and widely grooved dorsally, with
a hooked beak c. T mm, unilocular; covered with subappressed to spreading
white hairs 1-1.5 mm, smaller black hairs amount to greater than the apex.

Distribution. China (Inner Mongolia, Xinjiang), Russia and Mongolia (Podlech
and Zarre 2013) (Fig. 9).

Habitat. This species grows in debris, stony slopes, trails, pebble beds, rocky
and stony screes.

Additional specimens examined. MoNGoOLIA. Khuvsgul region: « Selenge
province, 13 km west from Tsagaannuur soum, 50°6'0"N, 105°21'0"E, 757 m, 12
June 2012, D. N. Shaulo (NS0010107) - Khangai region: Khangai, at the spring
between Oit-beise and Lugan-kure, 47°48'13.17"N, 101°58'23.88"E, 1471 m,
11 July 1926, N. lkkonnikov-Galitzky (LE01017821) + Arkhangai province, Tu-
vshruulekh soum, 47°26'43.6"N, 101°55'9.5"E, 1572 m, 20 June 1977, N. P.
Guricheva (MW0183266, MW0183267) * Arkhangai province, Tsenkher soum,
Urd Tamir river, 48°23'59.9"N, 97°9'4.9"E, 2118 m, 11 July 1978, I. A. Gubanov
(MWO0183264) - Bulgan province, Khishig-Undur soum, Teg river, 48°48'17.9"N,
103°31'49.4"E, 1209 m, 05 July 1974, 0. V. Jurba (MW0183270) - Bulgan
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Figure 2. Astragalus laguroides in Mongolia A general habit B raceme C flower D bracts E standard F wings G keel H pistil
I stamens J pod K leaves L leaflet M omission of medifixed hairs on the upper side of the leaf N stipules. (Photo credits:
S.Baasanmunkh and D.Munkhtulga).

province, Mogod soum, Nomgon mountain, 48°16'1.17"N, 102°55'44.67"E,
1706 m, 02 July 1980, Sh. Dariimaa (UBA) « Bulgan province, 9 km south east
from Unit soum, 49°15'15"N, 102°56'41.6"E, 1238 m, 17 June 1964, Khishgee
(UBA) - Bulgan province, Khangal soum, Burgastain davaa, 49°10'22.99"N,
104°28'38.27"E, 1433 m, 04 August 1978, B. Mandakh & Sh. Dariimaa (UBA).
Arkhangai province, Khangai soum, 47°50'0.132"N, 99°21'6.876"E, 2135 m,
05 August 2020, Sh. Baasanmunkh (UBU0010817, UBU0032212) « Arkhangai
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province, Battsengel soum, 47°45'53.208"N, 101°56'38.904"E, 1420 m, 20 Au-
gust 2020, Sh. Baasanmunkh (UBU0010820) - Arkhangai province, Ikh Tamir
soum, Tamirriver,47°36'27.9"N,101°8'17.3"E, 1420 m, 30 June 2023, D. Munkh-
tulga (UBU0039991-UBU0039998, UBU0040555, UBU0040556) * Arkhangai
province, Ikh Tamir soum, Tamir river, 1666 m, 28 May 2024, B. Oyuntsetseg,
G. Bayarmaa & D. Munkhtulga (UBU0039103, UBU0039104) - Dauria region:
* Tuv province, 3 km northwest from Bornuur soum, 48°32'7.3"N, 106°8'1.5"E,
1208 m, 07 June 1973, K. Kloss (GFW45636) * Tuv province, Unjuul soum, Ar-
gal mountain, 47°59'8.22"N, 105°55'2.1"E, 1445 m, 19 July 1973, Ch. Sanchir
(UBA) - Selenge province, Dulaankhan soum, Yruu river, Dulaankhan mountain,
49°56'3.1"N,106°12'21.5"E, 750 m, 09 August 1982, E. Ganbold (UBA) - Mongo-
lian Altai region: « Khovd province, Darvi soum, Sutai mountain, 46°23'59.1"N,
94°0'38.3"E, 1900 m, 18 August 1984, I. A. Gubanov (MW0183284) * Go-
bi-Altai province, Tsetseg soum, 46°19'3.817"N, 93°2'35.239"E, 1430 m, 12
July 2019, B. Oyuntsetseg (UBU0006948) - Gobi-Altai province, Tseel soum,
Baga Tayan, 45°24'54"N, 95°52'4.8"E, 1893 m, 07 July 2019, B.Oyuntsetseg,
Sh.Baasanmunkh (UBU0005920, UBU0005922) - Middle Khalkh region:
« Avzaga mountain, 48°1'53.05"N, 103°14'40.64"E, 1917 m, 12 June 1971, V.
I. Grubov, N. Ulziikhutag & Sh. Dariimaa (UBA) * Tuv province, 7 km south from
Unjuul soum, 46°49'12"N, 105°30'36"E, 1552 m, 30 July 1973, T. I. Kazantse-
va (NS0025349) - same locality, 7 June 1974, T. K. Gordeeva, (NS0025347,
NS0025348) - Tuv province, Buren soum, lkher-Uhaa, 46°59'13.9"N,
105°3'28.1"E, 1377 m, 22 July 1976, Tumurtogoo (UBU0039987) * Depres-
sion of Great Lakes region: « Khovd province, Myangad soum, 48°15'7.898"N,
91°54'14"E, 1185 m, 26 August 1984, I. A. Gubanov (MW0183279) - Khovd
province, Chandmani soum, Jargalant khairkhan mountain, 47°49'23.2"N,
92°24'15.1"E, 1836 m, 19 August 2003, M. Schnittler (GFW45638) + Khovd
province, 5 km south west from Khar-Us Lake, 47°42'59.8"N, 91°58'59.902"E,
1459 m, S. A. Dyachenko & P. A. Kosachev (ALTB1100016497) - Valley of Lakes
region: Bayankhongor province, 30 km west from Arvaikheer city, 46°3'50.4"N,
102°30'18"E, 2130 m, 1974, Ts. Jamsran, (UBU0026328) + Uvurkhangai prov-
ince, Guchin-Us soum, 45°24'8.399"N, 102°14'55.298"E, 1575 m, 23 July
1978, G. N. Ogureeva (MW0183268) - Bayankhongor province, Bogd soum,
45°31'30"N, 101°6'28.8"E, 1569 m, 12 July 2019, Batsaikhan (UBU0006948)
+ Bayankhongor province, Bumbugur soum, 46°13'8.4"N, 99°6'43.2"E, 1994 m,
05July 2019, B. Oyuntsetseg, Sh. Baasanmunkh (UBU0006680) - Bayankhongor
province, Buutsagaan soum, 46°11'36.5"N, 99°10'1.5"E, 1880 m, 29 May 2024,
B. Oyuntsetseg, G. Bayarmaa & D. Munkhtulga (UBU0039105-UBU0039112)
+ Gobi Altai region: « Bayankhongor province, Buutsagaan soum, south slope
of Bogd mountain, 44°57'42.38"N, 100°12'10.31"E, 2725 m, 02 July 1977, E.
Ganbold (UBA) - Bayankhongor province, Bogd soum, Orog lake, 44°59'19.1"N,
100°52'50.999"E, 1100 m, 16 July 2013, R. Tungalag & Ts. Tsendeekhuu
(UBU0021615) * Trans-Altai Gobi region: * Bayankhongor province, Shinejinst
soum, Djinst mountain, Altai tsagaan khaalga, 44°25'37.582"N, 99°19'6.24"E,
2190 m, 07 September 1979, Ch. Sanchir (UBA) - Govi-Altai province Tseel
soum, Aj Bogd mountain, Ar zuslan river, 44°41'12.221"N, 95°14'9.481"E, 2400
m, 09 August 1984, Kh. Buyan-Orshikh & Yu. G. Evtipeev (UBA) + Bayankhongor
province, Shinejinst soum, Djinst mountain, 44°26'28.4"N; 99°13'36"E, 2000 m,
14 July 1979, I. A. Gubanov (MW0593124, MW0593125).

PhytoKeys 255: 51-73 (2025), DOI: 10.3897/phytokeys.255.140805 58



Dariganga Munkhtulga et al.: Three new species and a new section of Astragalus (Fabaceae) from Mongolia

Astragalus gobi-altaicus N.Ulzyikh., Byull. Moskovsk. Obshch. Isp. Prir., Otd.
Biol., n.s., 95(2): 83 (1990).
Fig. 3

Diagnosis. Astragalus gobi-altaicus was first described in East Gobi, Mon-
golia (Ulziykhutag 1990). Later, this species was treated as a synonym
of A. laguroides by Xu and Podlech (2010). However, based on our extensive
morphological studies, A. gobi-altaicus can be distinguished from A. laguroi-
des by its inflorescence being oblong-cylindrical (vs. globose or ovate), leaf-
lets that are broadly elliptical or oblong-obovate, more rarely sub-oval (vs.
leaflets oblong, narrowly elliptical, or lanceolate), calyx teeth 4-6 mm long
(vs. calyx teeth 3-4) (Table 2). In addition, the phylogenetic tree supported
that A. gobi-altaicus was different from A. laguroides, which was more simi-
lar to A. oyunicus and A. lupulinus (Fig. 1).

Type. MONGOLIA. Umnugovi province, Noyon soum, Noyon-Bogd mountain,
08 September 1979, V. I. Grubov, A. Muldaschev & Sh. Darijmaa 1964 [Holotype
LE01016096! (Fig. 6F)] «+ Umnugovi province, Nomgon soum, Khurkh moun-
tain, 42°43'16.6"N, 105°06'17.4"E, 1425 m, 28 June 1980, I. A. Gubanov 5941
[Paratype MW0593122!1] - Umnugovi province, Khurmen soum, Bayan-Undur,
42°33'18.1"N, 103°54'38.1"E, 1413 m, 06 August 1981, I. A. Gubanov 3376
[Paratype MW0593121!, MW0593120!].

Description. Plants perennial 8—12 cm tall, acaulescent, with merely white,
in vegetative parts distinctly warty hairs. Stipules whitish, 3-4 mm, triangular,
nearly free from the petiole, not connate behind the stem, appressed hairy,
at the margins with basifixed hairs. Leaves (-3)8-14 cm; petiole 1-4 cm,
like the rachis slender, loosely to rather densely covered with medifixed, ap-
pressed hairs 0.5-1 mm. Leaflets in 2-4 pairs, in the basal leaves often in
1-2 pairs only, oblanceolate or narrowly elliptic to elliptic, 7-18 x 5-10 mm,
mucronate, on both sides densely covered with medifixed, appressed hairs
1.5-2(-3) mm. Peduncles 3-6 cm, slightly angular-sulcate, loosely to rather
densely covered with medifixed, appressed hairs, partly glabrescent with age.
Raceme oblong to oblong-cylindrical 3-8 cm long, densely many-flowered.
Bracts whitish, 3-5 mm, narrowly linear, covered with mostly basifixed hairs.
Calyx 11-14 mm, tubular at beginning of anthesis, soon ovoid-inflated, rath-
er densely covered with subbasifixed to basifixed, rigid, spreading, straight
white hairs 2-3 mm; teeth filiform, 4-5 mm. Standard (-9)14-18(-20) mm;
blade c. 5 mm wide, elliptic, narrowly triangular toward the slightly emargin-
ate tip, slightly constricted below the middle, at the base obtusely angularly
passing into the claw. Wings 12-15 mm; blades narrowly oblong, obtuse, c.
5.5 x 1.5 mm; auricle T mm, claw 8 mm. Keel 10-12 mm; blades obliquely
obovate 3.5 x 2 mm; claw c. 8 mm. Ovary sessile. Pods enclosed in the calyx,
sessile, oblong, 7-8 x 3-4 mm long, with a hooked beak c. 2-2.5 mm, uniloc-
ular; covered with tangled, spreading only white hairs.

Distribution. Endemic to Mongolia. This species is currently known from the
South Gobi in Mongolia (Fig. 9).

Habitat. This species grows in debris desert steppe, mountain slopes, sandy
desert steppes, sayr slopes and granite slopes of hillocky areas.

Additional specimens examined. MONGOLIA, Gobi Altai region: « Umnugovi
province, Tsogt-Tsetsii soum, Tsetsii mountain, 43°30'48.38"N, 105°41'18.85"E,
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Figure 3. Astragalus gobi-altaicus in Mongolia A general habit B raceme C flower D calyx E bracts F standard G wings
H keel I pistil J stamens K pod L pod valve M leave, abaxial view N leave, adaxial view P leaflet, abaxial view O leaflet,
adaxial view Q omission of medifixed hairs on the upper side of the leaf R stipules, outside view S stipules, inside view.
(Photo credits: D.Munkhulga and B.Oyuntsetseg).

1727 m, 28 May 1962 (UBA) - Umnugovi province, Nomgon soum, Baruun tso-
hiotiin Khudag, 42°41'14.1"N, 105°13'8.5"E, 1463 m, 17 May 1962 (UBA) + Umnu-
govi province, Bulgan soum, Dundsaikhan mountain, Khaalgiin sair, 43°44'16.53"N,
103°34'10.88"E, 2229 m, 25 June 1962 (UBA) * Umnugovi province, 20 km south-
east from Khurmen soum, 43°5'55.7"N, 104°11'39.4"E, 1631 m, 06 July 1973, Ts.
Jamsran (UBU0026387) « Umnugovi province, Bayandalai soum, northern part of
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Zuramtai mountain, 1715 m, 05 September 1976, Ch. Sanchir (UBA) + Bayankhon-
gor province, Shinejinst soum, Jinst mountain, 44°26'28.4"N, 99°13'36"E, 2000 m,
14 July 1979, 1. A. Gubanov (MW0593124, MW0593125) - Umnugovi province, Noy-
on soum, Noyon Bogd mountain, 43°12'17.35"N, 101°50'39.68"E, 2200 m, 08 Sep-
tember 1979, V. . Grubov & Sh. Dariimaa (UBA) « Umnugovi province, Sewrei soum,
Zuulun mountain, 43°38'49.19"N, 102°20'57.46"E, 1900 m, 26 August 1982, I. A.
Gubanov (MW0593123) » Umnugovi province, Dalanzadgad soum, Khachig moun-
tain, 42°59'35.53"N, 105°40'35.27"E, 1800 m, 01 September 1982, I. A. Gubanov
(MW0183265) + Umnugovi province, Khankhongor soum, Chanaijn Kharaa moun-
tain, 44°22'48"N, 104°16'48"E, 1242 m, 22 June 1988, H. D. Knapp (GFW45639)
« Umnugovi province, Bayandalai soum, Ikh Argalant mountain, 43°10'32.24"N,
103°3524.93"E, 1910 m, 16 June 2007, Ts. Jamsran (UBU0O030804) + Umnugovi
province, Bayan-Ovoo soum, 42°56'57.5"N, 106°9'13.3"E, 1170 m, 08 June 2013,
Ch. Sanchir (UBU0032442) - Alashan Gobi region: « Umnugovi province, Alashaa
Gobi, Khalzan mountain, 42°10'18.32"N, 105°15'43.97"E, 1363 m, 31 July 1989,
I. A. Gubanov (MW0183261) * Umnugovi province, Nomgon soum, Borzon govi,
42°33'35.14"N, 105°9'58.8"E, 1208 m, 2003, Ariuntuya (UBU0012226).

Astragalus oyunicus D.Munkhtulga & S.Baasanmunkh, sp. nov.
urn:lsid:ipni.org:names:77359973-1
Fig. 4

Diagnosis. The new species is close to A. gobi-altaicus, but differs by its leaves
having leaflet narrowly elliptic, 15-18 x 4-7 mm, apex acute (vs. oblanceolate
or narrowly elliptic to elliptic, 7-18 x 5—10 mm, apex mucronate) and raceme
oblong to oblong-cylindrical, 3—8 cm long (vs. ovoid to oblong, 3—4 cm long). It is
also similar to A. laguroides in leaf shape and general habit, but differs in its stip-
ules broadly triangular-acuminate, 4-6 mm long (vs. narrowly triangular-acum-
inate, 5-8(-10) mm long) and pod densely covered with spreading white and
fewer black hairs 2 mm (vs. covered with subappressed to spreading white hairs
1-1.5 mm, smaller black hairs amount greater than the apex) (Table 2).

Type. MONGOLIA. Khentii province, Bayankhutag soum, 46°54'10.2"N,
110°12'51.9"E, 1166 m, 05 August 2023, B. Oyuntsetseg & D. Munkhtulga Khen-
2023 [Holotype UBU0039102! (Fig. 6C)] « Ulaanbaatar city, Bayanzurkh dis-
trict, Gachuurt village, 47°55'52.3"N, 107°07'51.2"E, 1467 m, Yondon [Isotype
UBU0034202!].

Description. Plants perennial, 5-15 cm tall, acaulescens, in vegetative parts
covered with + medifixed, appressed white hairs c. T mm. Rootstock divid-
ed with short to elongated blackish brown branches. Stipules broadly trian-
gular-acuminate, 4-6 mm, shortly adnate to the petiole, otherwise free from
each other, densely covered with hairs up to 1.5 mm, at the margins also with
basifixed hairs. Leaves 5-12(-15) cm; petiole 2-4 cm, like the rachis covered
with medifixed, appressed hairs. Leaflets in 3-5 pairs, narrowly elliptic, 15-18
x 4-7 mm, on both sides densely hairy, apex acute. Peduncles 3-7 cm, rath-
er densely to densely covered with symmetrically to asymmetrically bifurcate,
flexuose, subappressed white hairs. Racemes ovoid to oblong 3-4 cm long.
Bracts whitish, 5-6 mm, narrowly triangular, with strongly asymmetrically bi-
furcate, + spreading white hairs. Calyx at beginning of anthesis tubular, later
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Figure 4. Astragalus oyunicus in Mongolia A general habit B raceme C flower D calyx E standard F wings G keel H sta-
mens | pistil J pod K pod valve L laeve M leaflet N stipules. (Photo credits: D.Munkhtulga).

on ovoid-inflated, 10-12 mm long, covered with basifixed, spreading, straight
white and fewer black hairs 1-2 mm; teeth subulate, 2-3 mm. Petals violet.
Standard 18-20 mm; blade 5-6 mm wide, obovate, slightly constricted in the
middle, emarginate, at the base gradually narrowed. Wings 14-16 mm; blades
narrowly oblong, obtuse, 5.5-6.5 x 2-2.5 mm; auricle ¢. 1.5 mm; claw ¢. 9 mm.
Keel 12-14 mm; blades 4-4.5 x 3 mm; claw 8-8.5 mm. Ovary sessile. Legumes
enclosed in the calyx, 6-7 x 3-4 mm, with a hooked beak c. T mm, unilocular;
densely covered with spreading white and fewer black hairs c. 2 mm.

PhytoKeys 255: 51-73 (2025), DOI: 10.3897/phytokeys.255.140805 62



Dariganga Munkhtulga et al.: Three new species and a new section of Astragalus (Fabaceae) from Mongolia

Table 2. Morphological comparisons of five Astragalus species in Mongolia.

Characters
Leaves

Leaflets

Stipules

Raceme

Calyx

Standard

Wings
Keels
Pods

3-14(-18) cm long

hairy, apex acute

A. gobi-altaicus A. oyunicus A. teshigicus A. uvsicus
8-14 cm long 5-12(-15) cm long 8-18 cm long 3-8(-12) cm long
3-5(-8) pairs, narrowly 2-4 pairs, broadly- 3-5 pairs, narrowly 4-6 pairs, elliptical, 2-5 pairs, narrowly elliptic,
elliptic, 8-25(-40) x 3-6 mm, elliptical or oblong- elliptic, 15-18 x 4-7 mm, 14-20 x 5-8 mm, 8-11(-14) x 3-5mm,

both surfaces rather densely | obovate, 7-12 x 3-5 on both sides densely on both sides rather densely covered with
mm, on both sides hairy, apex acute densely covered medifixed, appressed hairs,

densely hairy, apex with medifixed, apex acute

mucronate subappressed hairs,

acute to rarely obtuse

5-8(-10) mm long, narrowly | 3-4 mm long, narrowly | 4-6 mm long, broadly 4-5 mm long, broadly 6-8 mm long, narrowly
triangular-acuminate,

triangular-acuminate, triangular-acuminate, triangular-acuminate, triangular-acuminate,

covered with spreading or rather densely loosely covered with densely covered covered with spreading or
ascending hairs appressed hairy, at the | spreading or ascending with spreading or ascending hairs
margins with basifixed hairs ascending hairs
hairs
ovoid to oblong, 2-4(-6) cm oblong-cylindrical, ovoid to oblong, 3-4 cm oblong or oblong- globose or ovate, 3-4 cm
3-8.cmlong long cylindrical, 4-7(-8) cm long
long
11-14 mm long, densely 12-16 mm long, 10-12 mm long, covered | 12-15 mm long, rather | 11-14 mm long, covered
covered with asymmetrically densely covered with basifixed, spreading, | densely covered with | with basifixed, spreading
bifurcate to basifixed, with subbasifixed to straight white and fewer spreading, straight white and black hairs
tangled, spreading white basifixed, spreading, black hairs 1-2 mm; white hairs 2 mm; 1-2 mm; teeth 2-3 mm
hairs 1-2 mm, at outer side straight white teeth 2-3 mm teeth 2-3 mm
of the teeth and sometimes hairs 2-3 mm; teeth
at the nerves of the tube 4-6 mm
also with black hairs; teeth
3-4mm
17-20 mm long, emarginate = 14-18(-20) mm long, 18-20 mm long, 20-24 mm long, 15-18 mm long,
slightly emarginate emarginate emarginate

14-18 mm long
13-15mm long

sessile, oblong, (-6)7-8
x 2-3 mm, with a hooked
beak c. 1T mm, unilocular;
covered with subappressed
to spreading white hairs
1-1.5 mm, smaller black
hairs amount greater than
the apex

12-16 mm long
10-14 mm long

sessile, oblong, 7-8
x 3-4 mm, with a
hooked beak 2-2.5
mm, unilocular; covered
with tangled, spreading
white hairs

14-18 mm long
12-16 mm long

sessile, oblong, 6-7 x
3-4 mm, with a hooked
beak c. 1 mm, unilocular;
densely covered with
spreading white and
fewer black hairs c.

2 mm

17-22 mm long
14-18 mm long
sessile, oblong, 5-6
a hooked beak c.
1 mm, unilocular;

densely covered with
spreading white hairs

13-15 mm long, obtuse
12-14 mm long

sessile, linear, 6.5-7 x 2-3
mm, with beak ¢. T mm,
bilocular, loosely covered
with spreading white hairs
c. T mm, smaller black
hairs amount greater than
the apex

Distribution. Endemic to Mongolia (Fig. 9).

Habitat. This species grows in stony mountain slopes and low isolated
rounded hills of the steppe region.

Etymology. The species is named after Prof. Batlai Oyuntsetseg who is a
botanist in Mongolia.

Additional specimens examined. Mongolia. Mongolian Dauria region:
« Ulaanbaatar city, Chingeltei district, Zuun salaa, 23 August 1963 (UBU0032447)
- Ulaanbaatar city, Narangiin enger, 25 July 1967, L. Purevsuren (UBU0026331,
UBU0026338) - Ulaanbaatar city, Songinokhairkhan district, Tolgoit, Narangi-
in enger, 10 August 1967, Tsogoo (UBU0026224, UBU0032448, UBU0032449,
UBU0039988-UBU0039990) - Khentii province, Jargalant Khan soum, Kherlenriver,
07 July 1979, V.I. Grubov & A. Mundaashev 3217 (UBA) < Ulaanbaatar city, Chingeltei
district, Shadivlan, 48°01'00"N, 106°54'01"E, 1520 m, 06 June 2021, B. Oyunt-
setseg & A. Anudari (UBU0014416) « Middle Khalkh region: Tuv province, Buren
soum, Ikher-Ukhaa, 22 July 1976, Tumurtogoo (UBU0039987) + Govisumber prov-
ince, Sumber soum, 23 July 1992, B. Oyuntsetseg & Oyunchimeg (UBU0031855)
+ Khentii province, Tsenkhermandal soum, Batkhairkhan mountain, 47°42'30"N,
109°05'34.8"E, 1459 m, 28 May 2020, D. Munkhtulga (UBU0031854).
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Astragalus teshigicus D.Munkhtulga & S.Baasanmunkh, sp. nov.
urn:Isid:ipni.org:names:77359974-1
Fig. 5

Type. MONGOLIA. Bulgan province, Teshig soum, Baga Baysgalan, 49.9679,
102.5867, 1128 m, 05 June 2018, B. Oyuntsetseg & Sh. Baasanmunkh NW11
[Holotype UBU0002138! (Fig. 6B), Isotype UBU0002139!].

Diagnosis. The morphological features of A. teshigicus are similar to that of
A. laguroides but differ by its raceme oblong or oblong-cylindrical (vs. ovoid),
calyx rather densely covered with spreading, straight only white hairs 2 mm (vs.
densely covered with asymmetrically bifurcate to basifixed, tangled, spreading
white hairs 1-2 mm, at outer side of the teeth and sometimes at the nerves of
the tube also with black hairs), leaves 8—18 cm (vs. 3—14 cm long), leaflets in
4-6 pairs, elliptical, 14-20 x 5-8 mm (vs. 3-5 pairs, narrowly elliptic, 8-25 x
3-6 mm) (Table 2).

Description. Plants perennial, 8-20 cm tall, acaulescent. Stems up to
1 cm, densely appressed white hairy. Stipules 4-5 mm long, broadly triangu-
lar-acuminate, densely covered with spreading or ascending hairs. Leaves
8-18 cm; petiole 3-7 cm, like the rachis covered with appressed white hairs.
Leaflets in 4-6 pairs, elliptical, 14-20 x 5-8 mm, on both sides densely cov-
ered with medifixed, subappressed hairs, acute to rarely obtuse. Peduncles
6-12 cm, with medifixed, appressed hairs. Racemes oblong or oblong-cylin-
drical (3.5) 4-7 (8) cm long, rather densely many-flowered. Bracts scarious,
5.5-6 mm, narrowly triangular, sparsely covered with ascending only white
hairs, at the margins covered with spreading white hairs up to 1.5-2 mm.
Calyx 12-15 mm, at the beginning of anthesis tubular, soon ovoid-inflated,
densely covered with basifixed, + spreading, rigid white hairs 1.5-2 mm;
teeth subulate, 2-3 mm. Petals purplish. Standard 20-24 mm,; blade
4.5-5.5 mm wide, obovate, slightly constricted in the middle, slightly emar-
ginate, at the base gradually narrowed. Wings 17-22 mm; blades oblong,
rounded, 5-5.5 x 2-3 mm,; auricle c. 1 mm; claw 8-9 mm. Keel 14-18 mm;
blades 4-4.5 x 2-3 mm; claw c. 8 mm. Ovary sessile. Legumes enclosed in
the calyx, oblong, 4-5.5 x 2-2.5 mm, with a hooked beak c. T mm, unilocular;
densely covered with spreading white hairs.

Distribution. Endemic to Mongolia. This species is found only in a single
location in the northern part of the country (Fig. 9).

Habitat. This species grows in steppe areas including mountain slopes,
rocky and stony mountains.

Etymology. The species epithet refers to the location where the species was
collected.

Astragalus subgenus Cercidothrix Bunge, section Uvsicus D.Munkhtulga,
S.Baasanmunkh & H.J.Choi, sect. nov.
urn:lsid:ipni.org:names:77359975-1

Type. A. uvsicus D.Munkhtulga, S.Baasanmunkh & H.J.Choi, sp. nov.
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Figure 5. Astragalus teshigicus in Mongolia A general habit B raceme C bract D calyx E standard F keel G wings H pistil
| stamens J leave K omission of medifixed hairs on the upper side of the leaf L stipules, inside view M stipules, outside
view N pod. (Photo credits: D.Munkhtulga and B.Oyuntsetseg).

Description. Perennials, herbaceous, acaulescent, with bifurcate hairs. Stipules
adnate, like rachis densely to rather densely hairy. Leaves with appressed hairs. In-
florescens with a well developped peduncle, densely mostly many-flowered. Brac-
teoles absent. Calyx tubular at beginning of anthesis, mostly soon elongating and be-
coming ovoid to globose-inflated. Legumes enclosed in the calyx, sessile, bilocular.
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Figure 6. Type specimens of Astragalus species A A. uvsicus (UBU0039100) B A. teshigicus (UBU0002138) C A. oyunicus
(UBU0039102) D A. laguroides (BM000632540) E A. tamiricus (LEO1017820) F A. gobi-altaicus (LEO1016096).

Astragalus uvsicus D.Munkhtulga, S.Baasanmunkh & H.J.Choi, sp. nov.
urn:Isid:ipni.org:names:77359976-1
Fig. 7

Diagnosis. Astragalus uvsicus is morphologically similar to A. beitashan-
ensis W. Chai & P. Yan (Zhai and Yan 2010) and A. laguroides, but can be
distinguished by its leaflet 2-5 pairs, narrowly elliptic, acute 8-11(-14) x
3-5 mm (A. beitashanensis, vs. 3—5 pairs, elliptic to suborbicular, obtuse,
4-9 x 3—-6 mm; vs. A. laguroides, 3-5 pairs, narrowly elliptic, acute 8-25
x 3—6 mm) Legumes linear, 5-6 x 2-3 mm, with a beak ¢. T mm, bilocular,
loosely covered with spreading, straight hairs (A. beitashanensis, legumes
oblong, c. 8 mm, unilocular, very densely covered with spreading, basifixed
hairs; A. laguroides, legumes oblong, (6) 7-8 x 2-3 mm long, with a hooked
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Figure 7. Astragalus uvsicus in Mongolia A general habits B raceme C standard D wings E keel F pistil G stamens H pod
I pod valve J leave K leaflet L stipules. (Photo credits: D.Munkhtulga).

beak c. 1T mm, unilocular; covered with subappressed to spreading hairs). At
the section level, the Uvsicus section is differentiated by its plants covered
with medifixed hairs (vs. covered with semi-appressed pilose in Mixiotri-
cha), peduncle not longer than leaves, raceme many-flowered (vs. peduncle
very short, raceme few-flowered in Trachycercis and Mixiotricha), legumes
enclosed in the calyx (vs. calyx ruptured by legumes in Macrotrichoides),
and bilocular (vs. unilocular in Laguropsis) (Table 3). The general habits of
selected sections within the subgenus Cercidothrix are shown in Fig. 8.
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Figure 8. General habits of some selected Astragalus species in Mongolia A A. laguroides B A. gobi-altaicus C A. oyu-
nicus D A. teshigicus E A. ochrias F. A. dilutus G A. lupulinus (A-G sect. Laguropsis) H A. junatovii (sect. Trachycercis)
| A. teskhemicus (sect. Trachycercis) J A. testiculatus (sect. Mixiotricha) K A. gubanovii (sect. Macrotrichoides) L A. uvsi-
cus (sect. Uvsicus) (Photo credit: A, C, F, G, |, J, K, L by D. Munkhtuglga; A, B, D, E, H by B. Oyuntsetseg).

Type. MONGOLIA. Depression of Great Lakes: « Uvs province, Malchin soum,
Khuiten valley, 49°29'36.2"N, 93°10'18.5"E, 1550 m, 30 May 2024, B. Oyunt-
setseg, G. Bayarmaa, & D. Munkhtulga [Holotype UBU0039100! (Fig. 6A)] * Uvs
province, Malchin soum, Surtiin zuslan, 49°37'0.6"N, 93°3'46.6"E, 1611 m, 10
June 2021, D. Munkhtulga [Isotype UBU0027685!].

Description. Plants perennial, 5-12 cm tall, acaulescens or nearly so, cov-
ered with medifixed hairs. Rootstock with a pluricipital root-crown. Stipules
narrowly triangular-acuminate, 5-7 mm, shortly adnate to the petiole, other-
wise free from each other, covered with strongly asymmetrically bifurcate,
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Table 3. Morpholgical comparisions of five Astragalus sections in Mongolia.

Characters Uvsicus Laguropsis Trachycercis Mixiotricha Macrotrichoides
Plants appressed pilose appressed pilose appressed pilose | semiappressed pilose appressed pilose
Raceme many flowered many flowered few flowered few flowered few flowered
Peduncle long long very short very short long
Calyx vesicularly vesicularly inflated not inflated not inflated slightly inflated

inflated
Pods bilocular bilocular and unilocular (in A. laguroides, Bilocular bilocular bilocular
A. oyunicus, A. teshigicus, A. gobi-altaicus)
90° E 100° E 110° E 120°E

S50°N
50°N

45° N
45°N

[ Country border

Species Vegetation type

@ Astragalus dilutus W Taiga

& Astragalus gobi-altaicus High mountain

® dstragalus laguroides B Forest steppe

® Astragalus teshigicus Step])e

@ dstragalus ochrias [ Desert steppe

® Astragalus ovinicus Desert

g ® stragalus uvsicus A 280 30 S0 Lake z

=
-

T00° e E

Figure 9. Distribution map of the studied Astragalus species from the sections Laguropsis and Uvsicus in Mongolia.

subappressed white hairs up to 2 mm. Leaves 3-8 (12) cm; petiole 2-3 cm,
like the rachis covered with medifixed, appressed hairs. Leaflets in 2-5
pairs, narrowly elliptic, 8-12 x 3-5 mm, apex acute, rather densely covered
with medifixed, appressed hairs ¢. T mm. Peduncles 2-6 cm, with medifixed,
appressed hairs. Racemes globose or ovate 3-4 cm long. Bracts scarious,
2-3 mm, narrowly triangular, white and few black hairy. Calyx at beginning
of anthesis tubular, later on ovoid-inflated, 11-14 mm, with distinct, elevat-
ed longitudinal nerves, loosely covered with subbasifixed, spreading white
and black hairs 1-2 mm; teeth subulate, 2-3 mm. Petals violet. Standard
15-18 mm; blade 3-4 mm wide, obovate, slightly constricted in the middle,
emarginate, at the base gradually narrowed into the rather long claw. Wings
13-15 mm; blades narrowly oblong, obtuse, 5.5-6.5 x 1.1-2 mm; auricle c.
T mm; claw 7.5-8.5 mm. Keel 12-14 mm; blades 4-5 x 3 mm. Ovary ses-
sile. Legumes enclosed in the calyx, linear, c. 5-6 x 2-3 mm, with a beak
c. 1 mm, bilocular, loosely covered with spreading, straight white hairs c.
1T mm, smaller black hairs amount greater than the apex.

Distribution. Endemic to Mongolia. This species is found in the Khyargas
and Uvs lakes in the depression of great lakes region in Mongolia (Fig. 9).
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Habitat. This species grows in stony mountain slopes and near rocks, sayr slopes.

Etymology. The species epithet refers to the location where the species
was collected.

Additional specimens examined. MONGOLIA. Depression of Great Lakes:
+ Uvs province, Tarialan soum, Turgen river, 49°56'10.9"N, 92°15'22.7"E, 900 m,
31 August 1984, I. A. Gubanov 9338 (MW0183285).

Conclusion

Based on morphological characteristics and molecular analysis, we described
three new species, A. oyunicus, A. teshigicus, and A. uvsicus, from Mongolia in
this study. In addition, a new section of Uvsicus is described based on A. uvsi-
cus, supported by morphological and molecular evidence. We conclude that
morphological characteristics and size are important for distinguishing be-
tween closely related Astragalus species. In addition, we confirmed the finding
of several previous studies (Bagheri et al. 2016; Zhang and Jiang 2020; Baas-
anmunkh et al. 2024a) that the nrITS primer is quite well distinguished between
species at the section and subgenus levels. Finally, we partially studied the spe-
cies of the section Laguropsis; however, we will continue to study the remaining
species in Central Asian countries.
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Abstract

Syzygium triflorum T.T.Hoang, Kim Thanh, S.Tagane & D.H.Cuong, sp. nov., from Kon
Chu Rang Nature Reserve, Vietnam, is described and illustrated. The new species is
distinguished from related species, Syzygium skiophilum, by its having 4-angled and
reddish-grey twigs, oblong leaves with an attenuate apex, less secondary veins of 26—
30 pairs, exclusively axillary inflorescences, lanceolate-ovate bracts, sessile flowers,
obconical hypanthium (slightly pyriform in flower buds) and more stamens of 18-28.
The flowers and fruits were observed in the rainy season, July 2024. This new species
grows under a mixed broad-leaved and coniferous forest dominated by Dacrydium
elatum and Dacrycarpus imbricatus.

Key words: Flora, Indochina, Kon Chu Rang Nature Reserve, Myrtales

Introduction

Syzygium Gaertn. is the largest genus in the family Myrtaceae, with over 1,200
species primarily found in tropical and subtropical zones. The genus is generally
characterised by trees or shrubs, branches sympodial, sometimes 2—-4-ridged;
leaves simple, opposite, gland-dotted and with intramarginal veins; inflores-
cences usually paniculate; hypanthium obconic, funnel-shaped or sometimes
clavate; calyx lobes and petals 4 or 5; stamens many; ovary inferior; fruits berry
(mostly drupaceous) and 1-2-seeded (Hyland 1983; Chantaranothai and Par-
nell 1994; Pham 2000; Parnell and Chantaranothai 2002; Biffin et al. 2006; Chen
and Craven 2007; Govaerts et al. 2008; Craven and Biffin 2010; Ashton 2011;
Soh and Parnell 2015).

The genus Syzygium in the Indochinese Region was first revised by
Frangois Gagnepain under the genus Eugenia P. Micheli ex L., identifying 55
species for the Flore générale de I'Indochine (Gagnepain 1914, 1917, 1920).
Merrill and Perry (1938) later updated Indochinese Eugenia with synopsis,
new species and new records and, lastly, transferred Eugenia to Syzygium.
Soh and Parnell (2015) published a revision of Indochinese Syzygium (Cam-
bodia, Laos and Vietnam) and enumerated 56 species, based on collections
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from the 1940s to 2010. Recent research has added 17 new species from
Indochina since 2011 (Soh and Parnell 2011; Tagane et al. 2015, 2018; Chan-
taranothai 2024; Soh et al. 2024; Le et al. 2024), indicating that the diversity
of Syzygium in the region is still unclarified and there could be more species
waiting to be discovered.

In Vietnam, amongst 56 species treated in the most recent taxonomic re-
vision by Soh and Parnell (2015), 49 species were recorded from the country,
representing the highest species diversity in Indochina. Since then, eight spe-
cies have been newly described from Vietnam: S. honbaense Tagane, V.S. Dang
& Yahara, S. phamhoangii Tagane, V.S. Dang & Yahara, S. yersinii Tagane, V.S.
Dang & Yahara, S. chantaranothaianum W. K. Soh & J. Parn., S. cucphuongense
W. K. Soh & J. Parn., S. quoctrianum W. K. Soh, H.V. Sam & J. Parn., S. samianum
W. K. Soh & J. Parn. and S. ngheanense N.S. Ly, N.D. Do & T.H. Le) and three
species were recorded for the first time: S. foxworthianum (Ridl.) Merr. & L.M.
Perry, S. angkae (Craib) Chantar. & J. Parn. and S. thorelii (Gagnep.) Merr. & L.M.
Perry (Soh and Parnell 2011; Tagane et al. 2018; Chantaranothai 2024; Soh et
al. 2024; Le et al. 2024). These taxa comprise approximately 60 species that
have been inhabiting Vietnam until now.

During a botanical survey and ecological fieldwork conducted in Kon Chu
Rang Nature Reserve, Gia Lai Province, Central Highland Vietnam in 2024, the
authors collected an unknown Syzygium species. After thoroughly comparing
this collected sample with available herbarium specimens and reviewing rele-
vant literature, it did not match any previously described species worldwide and
we here describe it as a new species, S. triflorum.

Materials and methods

The specimens of new species were compared with similar species through
a literature review, examined from dried specimens from the herbaria, for
example, DLU, FOF, HNU, KAG and VNM and online images of the type spec-
imens (downloaded from herbaria, for example, K, P and websites such as
JSTOR Global Plants (https://plants.jstor.org/), Tropicos (https://www.trop-
icos.org/), GBIF (https://www.gbif.org/; https://powo.science.kew.org/),
Asian Plant (https://asianplant.net/), Singapore Biodiversity Online Database
(https://m.singapore.biodiversity.online/) and Chinese Virtual Herbarium
(https://www.cvh.ac.cn/).

The measurement of the description is based on the fresh and dry materi-
als we collected from Kon Chu Rang Nature Reserve. The scientific name and
terms follow Hyland (1983), Beentje (2010) and Turland et al. (2018) (Shenzhen
code) and the authors mentioned above. The colour photographs are taken un-
der a Canon 600D camera and a Meiji Techno EM-32 stereomicroscope. The
plant specimens were deposited at DLU (Da Lat University Herbarium), HNU
(VNU University of Science) and the Herbarium of The Joint Vietnam-Russia
Tropical Science and Technology Research Center in Ha Noi.

Conservation Assessments are based on the conservation assessments fol-
lowing the recommendations of the IUCN Standards and Petitions Subcommit-
tee (IUCN 2024) and IUCN Red List Categories and Criteria (IUCN 2012).
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Taxonomic treatment

Syzygium triflorum T.T.Hoang, Kim Thanh, S.Tagane & D.H.Cuong, sp. nov.
urn:lsid:ipni.org:names:77360036-1

Type. VIETNAM. Gia Lai Province, K'Bang District, Son Lang Commune, Kon Chu
Rang Nature Reserve, in coniferous forest, 200 m from Bai Chay station along
the path, 14°28'44.5"N, 108°34'19.2"E, 1015 m a.s.l,, 4 July 2024, T.T.Hoang, N.
T. K. Thanh & D.H. Cuong DLU1005 (holotype DLU! isotypes HNU [HNU025528!,
HNU025529!], the Herbarium of The Joint Vietnam-Russia Tropical Science
And Technology Research Center) (Figs 1, 2).

Diagnosis. Syzygium triflorum could be confused with S. skiophilum
(Duthie) Airy Shaw distributed in Thailand, Malay Peninsula and Borneo (Airy
Shaw 1949; Parnell and Chantaranothai 2002; Ashton 2011). Generally, S. tri-
florum is similar to S. skiophilum because they both show small tree habit
and short cymose inflorescences with tiny flowers. However, S. triflorum dif-
fers from S. skiophilum in having 4-angled and reddish-grey twigs (vs. ter-
ete and blackish-brown in S. skiophilum), oblong leaf blades (vs. elliptic-lan-
ceolate, obovate or oblanceolate), fewer secondary veins (26-30 pairs vs.
ca. 45 or 14-18 pairs), exclusively axillary inflorescences (vs. temirnal and
axillary), lanceolate-ovate bracts (vs. linear), sessile or subsessile flower
(vs. with short pseudostalk ca. T mm long), obconical hypanthium (slightly
pyriform in flower buds) (vs. funnel-shaped) and more stamens (18-28 vs.
8 stamens) (Table 1, Fig. 3).

Description. Trees, 1.5-3 m tall, all part glabrous. Young twigs 4-angled,
reddish-grey. Leaves opposite; petioles 1-2 mm long, concave adaxially;
blades oblong, 7.5-8.5 cm x 2.0—-2.2 cm, dark green and shiny adaxially,
pale green, with numerous dark green gland dots abaxially, coriaceous, base
cuneate, margin entire, apex attenuate with a rounded acute tip 1.5-2 mm
long, mid-rib impressed adaxially, prominent abaxially, secondary veins faint,
26-30 pairs, tertiary veins faintly visible, intramarginal vein 1, 0.6—-0.8 mm
from the margin. Inflorescences short cymose, axillary or on old branch-
lets behind leaves, 3-4 mm long, clusters of 3 (rarely reducing to 1) flow-
ers; peduncle 0.8—-1 mm long, terete; bracts lanceolate-ovate, 0.5-0.7 mm
long, pale green to dark red on the upper half, apex rounded. Flower buds
pyriform. Flowers 2.8-3.2 mm x 1.8-2.0 mm, light green, sessile or with
pseudostalks to 0.5 mm long; bracteoles triangular, 0.2-0.3 mm long, dark
red on the upper half, caducous. Hypanthium obconical, 2.0-2.2 mm x
1.8-2.0 mm, light green. Sepals 4, very broadly triangular, 0.2—-0.3 mm long,
light green, persistent, apex acute. Petals 4, free, suborbicular, 0.8 mm x
1.0 mm, light green, membranous, concave adaxially. Stamens 18-28 in a
single whorl, 0.8-1 mm long, filaments white, anthers ellipsoid, ca. 0.1 mm
long, cream-coloured. Ovary 2-locular, many ovules per locule, placentas ax-
ile; style and stigma 0.8—1.0 mm long, positioned lower than the stamens.
Fruits (immature) globose, 4 x 4 mm, calyx disc convex. Seeds not seen.

Flowering and fruiting. The flowers and fruits were observed during the rainy
season in July 2024. At this time, the fruits were not fully matured.
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Figure 1. Syzygium triflorum T.T.Hoang, Kim Thanh, S.Tagane & D.H.Cuong A immature fruit in lateral view B immature
fruits in top view C hypanthia in lateral view (after petals and most stamens had fallen off) D hypanthia with calyx disc
and styles in top view (after petals and most stamens had fallen off) E inflorescence in top view, showing flowers before
anthesis (left and right) F inflorescence in lateral view (3 flowers in cluster) G leafy branches H leaves, adaxial (upper)
and abaxial (bottom) surface. Photos: H. T. Truong and H. C. Dang.

Ecology. This species grows in a mixed broad-leaved and coniferous forest so
far known only from Kon Chu Rang Nature Reserve. The forests are dominated
by Dacrydium elatum (Roxb.) Wall. ex Hook. and Dacrycarpus imbricatus (Blume)
de Laub. (Podocarpaceae), along with other angiosperms, such as Exbucklandia
populnea, Rhodoleia championii (Hamamelidaceae), Magnolia mediocris (Mag-
noliaceae), Castanopsis spp. (Fagaceae) and Schima superba (Theaceae). Many
small trees grow in the understorey with Syzygium triflorum sp. nov., including
Ixora sp., Lasianthus spp. (Rubiaceae), Eurya sp. (Pentaphylacaceae) and Erio-
botrya bengalensis (Rosaceae). The habitat receives approximately 60—70% of
the total light from the understorey at an elevation around 1,000 m a.s.l.
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0.1cm

Figure 2. The dried flowers of Syzygium triflorum T.T.Hoang, Kim Thanh, S.Tagane & D.H.Cuong A 3-flowered inflores-
cence, in lateral view (with an orbicular petal in the left flower) B petal, adaxial surface C stamen (shorter one) D longitu-
dinally dissected flower (with placenta axile). Photos taken by H. T. Truong and H. C. Dang.
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Figure 3. Syntypes of Syzygium skiophilum (Duthie) Airy Shaw A hypanthium of A.C. Maingay 738/2 (K000800033)
B leaves of A.C. Maingay 738 (KO00800034) and C A.C. Maingay 738/2 (K000800033). Image reproduced with permis-
sion of © The Board of Trustees of the RBG, Kew. http://specimens.kew.org/herbarium/K000800033; http://specimens.

kew.org/herbarium/K000800034.
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Table 1. Morphological comparison between Syzygium triflorum and S. skiophilum. The charactersistics of S. skiophilum
was from Parnell and Chantaranothai (2002), Ashton (2011), as well as specimens shown in the Appendix 1.

Parts
Twigs
Leaves

—Secondary veins
—Apex

—Petiole
Flowers
—pseudostalks
—Colour
—Bracts
—Hypanthium
—Sepals
—Number of stamens
Fruits

attenuate with rounded acute tip 1.5-2 mm long

obconical, 2.0-2.2 mm x 1.8-2.0 mm

Syzygium skiophilum (Duthie) Airy Shaw
round, dark brown, terete

elliptic-lanceolate, obovate or oblanceolate
7-9cmx2.5-3cm

26-30 pairs ca. 45 pairs or 14-18 pairs

prominently caudate to caudate-acuminate with
slender acumen, ca. 15 mm long.

Syzygium triflorum sp. nov.
4-angled, reddish-grey
Oblong 7.5-8.5cm x 2.0-2.2cm

1-2mm long 3-6 mm long
2.8-3.2mmx 1.8-2.0 mm -
0-0.5mm Tmm
yellowish-green yellowish

lanceolate-ovate, 0.5-0.7 mm long linear, ca. 3 mm long

ovate-triangular, subacute, 2.8-3.3 mm
triangular, 0.2-0.3 mm long 0.5-0.8 mm long
18-28in 1 whorl 8
globose, 4 x 4 mm ellipsoid, 6 x 4 mm

Vernacular. Tram ba hoa (three-flowered syzygium), Tram hoa nho (tiny-flow-
ered syzygium)

Etymology. The species epithet refers to its number of flowers in a inflores-
cence, which is usually in a cluster of three.

Preliminary conservation status

This species is currently known with only a few populations being found, each
consisting of about 30-40 individuals, within a 10-hectare (0.01 km?) stand of
the mixed broad-leaved and coniferous forest dominated by Dacrydium elatum
and Dacrycarpus imbricatus at Kon Chu Rang Nature Reserve. The total number
of the mature individuals are approximately 200, living in understorey and strict-
ly protected near the Bai Chay ranger station.

The primary natural threat in this area might be random fires, which could
cause extreme fluctuations in the number of mature individuals. However, this
risk is less prevalent in broad-leaved forests and the mixed broad-leaved and
coniferous forests of Kon Chu Rang. Fires have not been recorded in these
forests in the Nature Reserve for at least 30 years. Therefore, this species is
temporarily regarded as safe in this forest stand.

All five IUCN criteria have been considered, but there is no fully direct or indi-
rect information about the species’ current status or possible threats. Consid-
ering the known population is very small, restricted to a 10-hectare stand and
the number of mature individuals approximately 200 trees, Endangered (EN) is
categorised for the preliminary conservation status of this species according
the criteria D (IUCN 2012).

Discussion

Although many new taxa have been described over the past two decades
and phylogenetic molecular classifications were studied, the classification
of Syzygium remains complex due to the genus’ megadiverse nature, confus-
ing morphology, misidentified specimens and the lack of morphological data
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(Biffin et al. 2006; Craven and Biffin 2010; Ahmad et al. 2016; Brambach et al.
2017; Tagane et al. 2018; Widodo and Veldkamp 2021). The morphological
characters of fruit structures, seed structures, placentation position and the
number of ovules may provide novel insights into evolutionary relationships
and the higher systematic classification of Syzygium (Briggs and Johnson
1979; Hyland 1983; Biffin et al. 2006), but these characteristics are incom-
plete in S. skiophilum. Therefore, the additional data of the distinctive mor-
phology of S. skiophilum and S. triflorum sp. nov. may provide evidence of an
evolutionary trend to shorter petioles, smaller flowers and one stamen whorl
of the genus Syzygium.

The short cymes consisiting of three small flowers and single whorl sta-
mens with a tendency to reduce the number of stamens are observed in both
S. triflorum and S. skiophilum in Southeast Asia (Figs 1, 2, 3). The reduction
to a single whorl of stamens with tiny stamens occurs in many Syzygium spe-
cies (e.g. S. chemunjianum, S. dhaneshiana, S. phamhoangii and S. phoukha-
okhouayense) (Shareef et al. 2012; Tagane et al. 2018), but the extreme re-
duction to a single whorl of stamens along with extremely short cymose is
particularly happening in S. triflorum and S. skiophilum. We suggest that the
number of stamen whorls is essential for distinguishing different species and
might imply an evolutionary trend within Syzygium.
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Appendix 1

Specimens examined for comparison with the new species. MALAYSIA. Pen-
ang, Government Hill, 1871, Maingay, A.C. 738 (TYPE) (K [K000800034]); 1871,
Maingay, A.C. 738/2 (TYPE) (K [KO00800033]); Perak, Nov 1884, Scortechini
491 (barcode-00071230); Perak, Taiping, s.n. (BM [BM000944235]), Benedetto
Scortechini; Perak, Larut, s.coll. s.n. (K [KO0O0800032]). INDONESIA. Java, Jan
1910, s. coll. 52 (K [K000800189]).
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Abstract

A new hexaploid species of fine-leaved fescue from Festuca sect. Festuca (Festuca
silana Ardenghi, Pallanza & Foggi, sp. nov.) endemic to the Sila plateau is described. The
new taxon shows morphological affinities with species of the F. marginata group from
which it can be distinguished by higher ploidy, ecology, and leaf cross section anatomy.
ddRADseq data suggests F. silana could be a local hexaploid descendant/derivate of the
widespread diploid F. marginata. Its distribution is restricted to several localities in the
Sila highlands of the Southern Apennines, Italy.

Key words: Calabria, endemic, fescue, flow cytometry, Italy, morphometry, new species,
ploidy, RAD sequencing

Introduction

Festuca L. (Poaceae, Loliinae) is one of the most species-rich genera of grass-
es (Poaceae), containing worldwide around 680 accepted species (Govaerts
2024). Within the Festuca genus, “fine-leaved fescues” represent the most
important group, with approximately 450 species (Foggi and Tison 2014; Kel-
logg 2015). The taxonomy and systematics of Festuca has historically been
regarded by botanists as difficult, due to the morphological convergence of
unrelated taxa, phenotypic plasticity, complex nomenclature and a lack of clear
universally accepted diagnostic features between taxa. The first solid founda-
tion to modern taxonomic Festuca studies was posed by Eduard Hackel in his
“Monographia Festucarum Europaearum” (Hackel 1882). Hackel introduced
novelties in the approach to identification and classification of fescues, includ-
ing the study of the leaf cross-section, one of the main investigation tools still
in use in modern festucology. Since then, many scholars have dedicated their
efforts toward the taxonomy and systematics of Festuca, integrating the ini-
tial morphometrical approach with more modern techniques stemming from
technologicals and scientific advances. These include analysis of the relative
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genome size (Smarda et al. 2008; Martinez-Sagarra et al. 2021), chromosome
number (Smarda and Ko&i 2003; Ardenghi et al. 2016), DNA sequencing (Boeuf
et al. 2022, Kriuchkova et al. 2023, Mucko et al. 2024) and electron microsco-
py (Ortuiez and Cano-Ruiz 2013). Although the implementations of these new
methods emanate from improved floristic records and checklist (Rolecek et
al. 2019; Gudkova et al. 2023; Bednarska et al. 2024), to the conservation and
applications of the taxa studied (Ardenghi et al. 2017), most recent works have
focused on groups of species, using an integrated approach combining multi-
variate morphometry, ploidy level and genetics (Smarda et al. 2007; Foggi et al.
2012; Ardenghi et al. 2024; Bednarska et al. 2024).

During an extensive sampling conducted across the European Mediterranean
basinin 2014 by N.M.G. Ardenghi, an unusual taxon belonging to the fine-leaved
fescues was collected in different localities of the Sila plateau (Italy). The entity
was already known and reported by Sarfatti in the “Prodoromo della Flora della
Sila” under Festuca ovina L. subsp. laevis Hack. var. gallica (Hack.) St.-Yves
subvar. costei St.-Yves (= Festuca costei (St.-Yves) Markgr.-Dann.) based on the
original identification by Markgraf-Dannenberg (Sarfatti 1959). However, this
taxon has been overlooked until now. A preliminary study of morphology and
leaf cross section anatomy of both fresh samples and herbaria specimens in-
cluding the holotype for F. costei, led us to question the identification proposed
by Markgraf-Dannenberg. In fact, these fescues differ from F. costei in a series
of readily identifiable features, especially in the leaf cross-section (e.g. num-
ber of vascular bundles, development and organization of the sclerenchyma,
etc.) and rather appear to be morphologically in between the F. stricta and the
F. marginata groups. In particular, the Sila entity appears to have the typical
cross sections of the former and the overall morphology of the latter.

Due to the unusual combination of leaf cross-section anatomy and gener-
al morphology, we initially thought it could be a taxon of the F. stricta group
(i.e.: F. stricta Host, F. rupicola Heuff., F. trachyphylla (Hack.) R.P.Murray) which
present similar patterns in the organization of the tiller leaves sclerenchyma.
This is especially true for F. trachyphylla, which is also the only species from
the stricta group to normally present 7 vascular bundles in the cross section, a
shared characteristic with the Sila specimens. Nevertheless, the samples still
share numerous morphological similarities (e.g. smooth leaf blades, glabrous
spikelets, etc.) with Festuca marginata (Hack.) K. Richt., which occurs in similar
types of habitats across Italy.

To better understand the relationships among these different taxa, we
chose to apply an integrated approach combining classical morphometry,
ploidy level analysis using flow cytometry and ddRADseq sequencing. The
results from these combined analyses support that the taxon from the Sila
plateau is a new endemic species.

Materials and methods

Materials

Overall, 177 individuals representing 25 populations of five different taxa
(F. marginata, F. rupicola, F. stricta, F. trachyphylla and the proposed new spe-
cies) ranging from the Alps to the Apennines and from fresh and herbarium
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material (BRNU, Fl, G, MSNM, PAV; Herbaria codes follow Thiers 2024, updated
continuously) were morphologically studied (Suppl. material 1: tables S4, S5).
Specimens were carefully selected to ensure a balanced representation of the
different taxa. Fifty of the freshly collected individuals from the same popula-
tions were also analyzed using flow cytometry.

Morphometric analysis

We selected 35 morphological characters for the analysis (Table 1), choosing
those considered as diagnostic for fine-leaved fescues.

Measurements were performed according to the standards described in
Foggi 1999 (which complies with Hackel 1882; Saint-Yves 1913; Ellis 1976;
Wilkinson and Stace 1991) with minor modifications. To account for intrain-
dividual variation, we chose to either keep the highest recorded value for the
sample or to use the mean value calculated from three different measurements
depending on the morphological character. Characters concerning leaf cross
sections follow a design similar to Bednarska et al. (2024). Spikelet, floret and
other microscopic characters were observed under a Eurotek NB-50T stereomi-
croscope at magnifications of 8x—10x. Leaf cross sections were studied with
a Carl Zeiss Axiostar Plus microscope at magnifications of 40x—100x. Both
microscopes were coupled with a camera (ToupTek USB3.0 Eyepiece Cam-
era S3CMOS05000KPA) and all observed characters were measured using
Toupview ver. 4.11.19728.20211022 software.

Each quantitative character was tested for normality of distribution within taxa
using the Shapiro-Wilk test. Some characters had non-normal distribution for
some taxa, however, since the chosen analyses have been shown to be robust to
violation of the normality of distribution assumption (Klecka 1980), we decided
to continue without transforming the data. To further support this decision, it has
to be clear that non-fitted variables would have to be transformed as a whole,
independently from the taxon, leading to a weakened perception of the actual
morphological variability among taxa. Characters were also tested for significant
correlations (>0.95) via Spearman’s non-parametric coefficient. High correlation
was found only between characters related to the tiller leaves’ scabridity (Sk_Deg,
Sk_Ext, Ep_Ind). Among them, we decided to keep only the density of the abaxial
epidermis indumentum as observed in the cross section (Ep_Ind) in the analyses
as it was the least subjective to measure. We also decided not to include the culm
length and tiller leaf blade length (CIm_L and LfB_L respectively) due to their high
dependency on environmental factors such as grazing, trampling and wildfires.
However, these characters were systematically measured in all samples and
used in the morphological description of the new species. After preliminary data
manipulation, 31 of the original characters were used to perform the analyses.

A PCoA utilizing Gower’s distances (Gower 1971) was used to visualize the
pattern of morphological variation among the studied taxa. Following the PCoA,
a jackknifed canonical discriminant analysis (CDA) was performed (Krzanows-
ki 1990), taking into account the morphological groups individuated with the
PCoA and the ploidy levels inferred with flow cytometry. All characters invariant
within the groups were excluded from the CDA dataset (bringing down the char-
acters used to 25) as it is one of the fundamental assumptions to avoid any
type of distortion in Discriminant Analyses.

PhytoKeys 255: 85-102 (2025), DOI: 10.3897/phytokeys.255.146942 87



Mattia Pallanza et al.: A new species of Festuca L. (Poaceae) endemic to the Sila plateau in Italy

Table 1. Morphological characters used in multivariatue analyses and their coding.
QD = quantitative discrete, QC = quantitative continuous, Bl = binary, CO = ordinal.

Code Character Type
Clm_L Culm length QC
LfB_L Tiller leaf blade length QC
Pan_L Panicle length QC
Pan_Sk Panicle scabridity (6]0]
Pan_Pb Pubescence at the base of the panicle CO
Clf_L Culm leaf blade length QC
Sh_Nd Sheath to node distance QC
InfBr_L Inferior branch of the panicle length QC
TilSh_Pb Tiller sheaths pubescence CO
Nd_Pr Node pruinosity BI
Sh_Pr Tiller sheaths pruinosity BI
Sh_Col Tiller sheaths color CO
Sk_Deg Tiller leaves scabridity degree CcO
Sk_Ext Percentage of tiller leaves scabrid surface QC
Sc_Org Sclerenchyma organization CO
Sc_CT Central sclerenchyma strand thickness CO
Sc_MT Marginal sclerenchyma strands thickness CO
KIMR Keel to middle rib distance QC
Kimg Keel to margins distance QcC
VB_N Number of vascular bundles QD
R_N Number of accessory ribs QD
Shp Leaf cross-section outline shape CcO
Ep_Und Presence of epidermal undulations BI
Ep_Ind Richness of epidermal indumentum CO
LH Longest hair in the abaxial surface of the cross-section QC
Sp_L Spikelet length QcC
LGI_L Lower glume length QC
UGI_L Upper glume length QcC
UGI_hW Upper glume half-width QC
Lm_L Lemma length QC
Lm_hW Lemma half width QC
AL Awn length QC
GI_Pb Glumes pubescence CO
Lm_Pb Lemma pubescence CO
Sp_Sh Spikelet shininess CO

All statistical analyses were computed with R (R Core Team 2024) in
RStudio 2024.4.2.764 (Posit team 2024) using the MorphoTools2 package
(Slenker et al. 2022).

Ploidy estimation

The ploidy level was measured in 50 samples (1-4 per population) using flow
cytometry with DAPI dye. The youngest and most well-preserved leaves were
selected from representative individuals of both fresh plants and herbarium
vouchers (no older than one year). Samples were then co-chopped with the

standard (Lycopersicum esculentum “Stupické polni tyCkové rané”) in a Petri
dish containing 0.5 mL Otto | buffer (0.1M citric acid, 0.5% Tween 20; Otto
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1990) using a razor blade. The nuclei suspension was then filtered through
a 50 pm nylon mesh before 1 mL of Otto Il buffer (0.4M Na2HPO4 - 12H20)
supplemented with 2 pg/mL DAPI was added. Samples were analyzed with
a CyFlow ML flow cytometer (Partec GmbH, Germany) equipped with a UV
light-emitting diode (365 nm, Sysmex Partec GmbH) at the Department of Bot-
any and Zoology, Masaryk University, Brno, Czech Republic. To confirm the ploi-
dy level, choromosome counts were performed using the Fuelgen protocol. In
brief, Squash preparations were made on root tips obtained from germinating
seeds. The root tips were pre-treated with 0.4% colchicine for 3 hours and then
fixed in Carnoy fixative solution for 1 hour. After hydrolysis in HCI 1N at 60 °C
for 7-8 minutes, the tips were stained in leuco-basic fuchsine for 3 hours.

DNA extraction and ddRAD sequencing

Genomic DNA was extracted from silica gel-dried leaves or herbarium speci-
mens from 14 samples of the same species included in the morphometric anal-
yses (Suppl. material 1: table S7). DNA quality was assessed by 1.5% agarose
gel electrophoresis, and concentration was measured using a Qubit 2 Fluorom-
eter with the 1X dsDNA HS Assay Kit (Thermo Fisher Scientific).

The double digest restriction site-associated DNA (ddRAD) library preparation
protocol was adapted from Sochor et al. (2024) with modifications. Briefly, 100 ng
of genomic DNA was digested with Sbfl-HF and Msel restriction enzymes in rCut-
Smart buffer (New England Biolabs) at 37 °C for 3 hours, followed by enzyme
inactivation at 80 °C for 20 minutes. Immediately afterwards, P1 and P2 adapt-
ers, corresponding to the restriction sites of the respective enzymes, were ligated
using T4 DNA ligase (New England Biolabs) at 16 °C overnight, with subsequent
heat inactivation at 65 °C for 10 minutes. The P1 adapter for each sample con-
tained a unique barcode for individual identification. The DNA concentration of
each restricted sample was measured using the Qubit fluorometer, and equimolar
amounts of digested DNA from all samples were pooled. The pooled samples
were purified with 1.2 x SPRI magnetic beads and used as a template for PCR
enrichment. PCR amplification was performed in four 20 pl reactions (18 cycles
each) using Phusion HF PCR Mastermix (New England Biolabs) and standard II-
lumina P1-i5 (5-AATGATACGGCGACCACCGA-3’) and P2-i7 (5-CAAGCAGAAGAC-
GGCATACGA-3’) primers. The protocol for each step is available in the Suppl.
material 1: table S6. The final amplified products were size-selected using SPRI
magnetic beads, with left and right side selections at 0.5 x and 0.9 x ratios, fol-
lowing the manufacturer’s protocol. The final ddRAD library was sequenced at
the CEITEC facility (Brno, Czech Republic) on an lllumina NextSeq platform using
a mid-output configuration with 300 cycles. Sequencing utilized a portion of the
platform’s capacity, generating approximately 30,000,000 paired-end reads.

Phylogenomic analysis

Paired-end reads generated by lllumina sequencing of the ddRAD library were
demultiplexed and analyzed using iPyRAD v.0.9.97 (Eaton and Overcast 2020).
Quality control parameters were configured as follows: trimming was performed
for bases with a quality score below Q20, allowing up to five low-quality bases
per read. The Phred Q score offset was set to 33. The minimum read depth for
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base calling and majority-rule consensus was set to 6, with a maximum read
depth per sample capped at 10,000. The sequence similarity threshold was spec-
ifled as 0.90, permitting a maximum of one base mismatch in barcodes. Adapter
sequences were strictly filtered out, and a minimum read length of 35 bp was
required. Consensus sequence assembly was conducted with the following pa-
rameters: a maximum of six alleles per consensus sequence to accommodate
diploid and polyploid species in the dataset; a maximum of 5% uncalled bases
and 5% heterozygous sites per consensus sequence; and a minimum of seven
samples sharing data at a given locus (allowing up to 46% missing data). Locus
filtering parameters were set to allow a maximum of 20% SNPs per locus, up to
eight indels per locus, and a maximum of 20% heterozygous sites per locus.

Phylogenomic relationships among individuals based on ddRAD data were
inferred using RAXML v.8.2.12 (Stamatakis 2014). The GTRCAT substitution
model was employed, and bootstrap analysis with 1,000 replicates was per-
formed to construct a maximum likelihood tree. The resulting phylogeny was
visualized using FigTree v.1.4.4 (Rambaut 2015).

Results
Morphometric analysis

The first two axes of the exploratory PCoA account for 45.23% of the variability.
Three main clusters can be observed in the biplot (Fig. 1): species of F. stricta
group, the Sila hexaploid and the diploid F. marginata. The hexaploid taxon from
the Sila plateau appears morphologically as an in-between entity but still clearly
distinct from the other two groups. In particular, the taxon seems to share with the
species of the F. stricta group the tendency to develop decurrent to confluent scler-
enchyma strands (Sc_0rg), as well as presenting undulations between epidermal
cells (Ep_Pap) and longer awns (A_L). However, these are the only similarities
between the two groups, as the Sila specimens resemble more, on a superficial
level, species of the F. marginata group. They lack numerous other features typical
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Figure 1. Biplot for the PCoA performed with Gower’s distance.

PhytoKeys 255: 85-102 (2025), DOI: 10.3897/phytokeys.255.146942 90



Mattia Pallanza et al.: A new species of Festuca L. (Poaceae) endemic to the Sila plateau in Italy

of the F. stricta taxa, such as scabrid leaf blades due to the presence of barbs
on the adaxial indumentum (Ep_Ind) and an overall pubescence observed in the
panicle (Lm_Pb, GI_PB, Pan_Pb) and tiller sheats (TilSh_Pb). Compared to the new
species, F. marginata tends to develop discrete thickened sclerenchyma strands
(Sc_0rg, Sc_MT, Sc_CT), a larger number of vascular bundles (VB_N), bigger pani-
cles(Pan_L, InfBr_L) and leaves in a more elongated conduplicate “V” shape (Shp).
Finally, the Sila taxon seems to be overall a more pruinous plant (Nd_Pr, Sp_Sh)
compared to all the other species analyzed. Based on the clustering of the taxa
in the biplot, we decided to merge the species from the Festuca stricta aggregate
into a single group to avoid distortions in the following discriminant analysis.

The jackknifed CDA (Fig. 2) fully supports the grouping hypothesis indicat-
ed by the scatterplot of the PCoA with 97.74% classification success in 177
samples (Table 2). Again, the new species appears as a distinct morphological
in-between entity of the other considered species.

Table 2. Confusion matrix for the DA performed on the three morphological groups in-
dividuated by the PCoA.

Taxon N F. marginata F. sila F. stricta group correct %
F. marginata 65 65 0 0 65 100.00
F. silana 61 3 58 0 58 95.08
F. stricta group 51 0 1 50 50 98.04
Total 177 68 59 50 173 97.74

10

« F_marginata
« F_SILA

+ F_stricta_group

g -. -.
: . »
g " v, . % '....'" o
- .
E L PR 2 "
(=15 - LR --t. s L]
-®
-
iy
6 4 2 0 2 4 6

Can1 (83.1%)

Figure 2. Scatterplot for the DA performed on the three morphological groups individu-
ated by the PCoA.

Ploidy estimation

Overall, 50 of the freshly collected individuals were studied with flow cytometry.
All 20 individuals of F. stricta s.I. (F. stricta, F. trachyphylla and F. rupicola) were
hexaploid and all £ marginata samples were diploid (17 individuals) in accor-
dance with previous works (Portal 1999; Arndt 2008, Smarda et al. 2008; Ardeng-
hi et al. 2016, 2024). All 13 individuals assumed as F. silana were hexaploid.

PhytoKeys 255: 85-102 (2025), DOI: 10.3897/phytokeys.255.146942 91



Mattia Pallanza et al.: A new species of Festuca L. (Poaceae) endemic to the Sila plateau in Italy

Festuca sp. nova

79
Festuca sp. nova
100 F. marginata
100
F. marginata
100
F. marginata
100
F. marginata
F. trachyphylla
84 F. trachyphylla
97
F. trachyphylla
98 100
F. trachyphylla
F. rupicola
99
F. rupicola
F. stricta
0.002

Figure 3. Phylogenetic tree of thirteen Festuca individuals, constructed using RAXML based on 2,713 loci and maximum
likelihood estimation. The numbers in the nodes represent bootstrap values (%) from 1,000 replicates.

Phylogenomic analysis

A total of 67,353 loci were initially identified, which were reduced to 2,713 after fil-
tering. The primary cause of this reduction was the requirement for a minimum of
seven out of 13 samples to contain data for a given locus. Following the first analy-
sis, one sample (F14) with low sequencing coverage was excluded based on quality
assessment, and the analyses were repeated without this sample. The number of
retained loci per sample ranged from 1,526 to 2,096. The resulting best tree effec-
tively resolved each species, with high bootstrap support for most nodes (Fig. 3).

Taxonomic treatment

Festuca silana Ardenghi, Pallanza & Foggi, sp. nov
urn:Isid:ipni.org:names:77360044-1

Typus. ITALY * Sila piccola, Zagarise (Catanzaro), Latteria, Lato W del sentiero, Pendi-
ci SW del M. Gariglione (WGS84: 39°07'29.4"N, 16°37'32.8"E), 1587 m, prateria me-
so-xerofilaconrocciagraniticaaffiorante, assieme a Patzkeapaniculata,06.07.2014,
N. Ardenghi & L. Bernardo. (holotype: PAV-150000!; isotypes: FI!, CLU!, W!, G!).
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ITALY * Sila grande, Spezzano della Sila (CS), Vaccarizzo, Sponda S del
Lago Cecita (WGS84: 39°22'13.5"N, 16°30'40.1"E), 1150 m, prato arido con
Astragalus parnassi subsp. clabricus, su sabbie granitiche con affioramenti
rocciosi, 05.07.2023, M. Pallanza & L. Bernardo. (paratypes: PAV-150002!,
PAV-150003!, FI!, CLU!, W!, G!).

ITALY - Sila grande, Casali del Manco (CS), Lago Ariamacina, Sponda N del
lago (WGS84: 39°20'00.8"N, 16°32'39.0"E), 1327 m, prato arido con Astraga-
lus parnassi subsp. clabricus, su sabbie granitiche, 05.07.2023, M. Pallanza &
L. Bernardo. (paratypes: FI!, CLU!, W!, G!).

ITALY * Sila grande, San Giovanni in Fiore (CS), Carlomagno, A W della SP211
(WGS84:39°16'58.1"N, 16°32'36.1"E), 1535 m, prato mesofilo a Patzkea panicu-
lata, su substrato granitico con spesso strato di suolo, 05.07.2023, M. Pallanza
& L. Bernardo. (paratypes: PAV-150001!, FI!, CLU!, W!, G!).

Description. Perennial herb, caespitose to densely caespitose, occasion-
ally pruinose. Tiller shoots intravaginal. Culms (32.0-) 44.7-57.2 (-69.5) cm
long and (0.52-) 0.77-1.04 (-1.29) mm in diameter, erect cylindrical, canalic-
ulated, smooth to the touch, with 1 (-2) visible nodes, dark brown to black in
color, located in its lower third. Cauline leaves 1 (-2), (1.6-) 2.6-4.0 (-5.3) cm
long, sheathing the culm for (5.8-) 8.0-10.3 (-12.8) cm. Basal leaf sheath
glabrous, on extremely rare occasions with few sparse hairs, open down to
the base, yellowish in color, more rarely veined in red. Ligula 0.5-0.8 mm long,
membranaceous, truncate, fringed, with two auricles at the sides. Basal leaf
blade (7-) 11.8-21.6 (-31.7) cm long and (0.75-) 0.94-1.06 (-1.36) mm in
diameter, smooth, somewhat rigid, conduplicate, bright to dark green. Cross
section outline in an open U-V shape. Subepidermal sclerenchyma organized
in 3 main strands located at the margins and keel of the leaf blade, thick-
ened and often decurrent or accompanied by secondary strands opposing
vascular bundles, forming an interrupted or irregular complete ring. Vascular
bundles 7(-9). Ribs 2 (-4). Abaxial surface of the leaf blade covered with a
dense indumentum of (0.03-) 0.04-0.07 (-0.13) mm long hairs. Adaxial sur-
face smooth, with small undulations between epidermal cells. Panicle (4-)
6.4-8.6 (-12.5) cm long, cylindrical to pyramidal during anthesis, dense, with
7-27 spikelets; branches 1-5, simple, antrorsely scabrid; nodes 7-12. Spike-
lets (6.24-) 7.33-8.13 (—8.87) long, laterally flattened, elliptic, green, with
(3-) 4-6 (—8) fertile florets. Glumes 2, unequal, lanceolate, glabrous or rarely
with few sparse hairs on the margins and apex. Lower glume (2.21-) 2.55-
3.12 (-3.90) mm long, with a single nerve. Upper glume (2.46-) 3.68-4.31
(=5.12) mm long, 3-nerved. Lemma (3.82-) 4.81-5.26 (-5.83) mm long, lan-
ceolate, glabrous or more rarely with few sparse hairs near the apex, terminat-
ingin an apical awn (1.23-) 1.83-2.52 (-3.30) mm long. Palea 4.53-5.71 mm
long, lanceolate, bifid, with 2 finely dentated keels. Anthers 3, (1.72-) 2-2.44
(=2.93) mm long, yellow to orange in color. Ovary glabrous. Stygmas 2, with a
feather-like shape. Lodicules 2, bilobed, 0.83-1.06 mm long. Caryopsis 2.42-
3.85 mm long, brown to dark orange at maturity, adherent to the palea (Fig. 4).
Somatic chromosomes 42 (2n = 6x).

Eponym. The new species is named after the Sila plateau where it typically
occurs.

Diagnosis. Differt a Festuca costei (St.-Yves ex Litard.) Markgr.-Dann.
crassiore sclerenchyma in laminarum margine et carina, plerumque 7
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(non (7-) 9-11) fasciculis vascularibus, densioribus et longioribus trichoma-
tibus in abaxiale superficie, minutis undulationibus inter epidermidis cellulas,
42 (non 28) chromosomatibus.

Figure 4. lllustration of Festuca silana Pallanza, Ardenghi & Foggi based on the specimens from the locus classicus
A overall habitus and morphology of the species B detailed appearance of the spikelet C detailed view of lemma and
palea D1 leaf cross-section of the holotype D2-D5 different leaves cross-sections showcasing intraspecific variability.
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It differs from Festuca costei (St.-Yves ex Litard.) Markgr.-Dann. for the
thicker sclerenchyma at margins and keel of the leaves, vascular bundles are
rarely more than 7 (compared to the (7-) 9-11 in F. costei). Abaxial indumen-
tum is more dense and with longer trichomes compared to F. costei. It also
presents small undulations between epidermal cells. Somatic chromosomes
2n = 6x = 42 instead of 2n = 4x = 28 in F. costei.

Differt a Festuca marginata (Hack.) K.Richt. sclerenchyma plerumque decur-
rente vel completum anulum fingente potius quam in tribus discretis filis ordi-
nato, fasciculis vascularibus raro plus quam 7 (non (7-) 9-11 ut solet in F. mar-
ginata), longioribus trichomatibus in densiore abaxiale superficie, longioribus
aristis, undulationibus inter epidermidis cellulas, 42 chromosomatibus, non 14.

It differs from Festuca marginata (Hack.) K.Richt. in the sclerenchyma, usu-
ally decurrent or up to forming a complete ring instead of being organized in
three discrete strands. Vascular bundles are rarely more than 7 (compared to
the (7-) 9-11 in F. marginata). Abaxial indumentum is richer and with longer
trichomes compared to F. marginata. Awns longer compared to F. marginata.
Undulations are present in between epidermal cells. Somatic chromosomes
2n = 6x = 42 instead of 2n = 2x = 14 in F. marginata.

Differt a Festuca trachyphylla (Hack.) R.P.Murray sclerenchyma prope mar-
gines et carinam crassiore; foliis numguam scabris et colore viridi clariore (non
glauco ut solet in F. trachyphylla); spiculis numguam pubescentibus; foliarum
vaginis quam saepissime glabris (non pubescentibus ut soletin F. trachyphylla).
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Figure 5. Map of the Sila and known stations of F. silana occurring within the plateau.
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It differs from Festuca trachyphylla (Hack.) R.P.Murray in the sclerenchyma,
thicker in the correspondence of margins and keel, the leaf blades never scabrid
and of a brighter green color (opposed to the glaucus of F. trachyphylla). Spike-
lets are never pubescent. Leaf sheaths are glabrous except for extremely rare
exceptions (opposed to the commonly pubescent in F. trachyphylla).

Distribution and ecology. The species is only known from the Sila highland,
currently from 13 populations (Fig. 5). It mainly grows in grassland and pasture
communities (Anthemidetalia calabricae Brullo, Scelsi & Spampinato, 2001)
on granitic sands in xerophilic to mesophilic conditions at altitudes between
1100 m and 1600 m. F. silana typically occurs in grasslands of xerophile to me-
sophile conditions, along with other Festuca taxa such as F. marginata subsp.
marginata, F. trachyphylla, F. rubra subsp. commutata and F. cyrnea.

Conservation status. Although the plant has a distribution limited to the Sila
plateau, it is one of the dominant species in the grasslands that it inhabits and
lacks any particular threat that could cause a decline in the population. There-
fore, it had to be considered as Least Concern (LC) according to IUCN (2012).

Key to the studied species

1 Sclerenchyma strands decurrent sometimes with accessory strands or
confluent in an irregular complete ring. Spikelets 7-8.5 mm. Awns usual-
ly >2 mm long. Hexaploid plants ...........cccocevieviiiiiicicicieeeeeeee 2
—  Sclerenchyma in three discrete strands, never decurrent. Spikelets
6-7 mm. Awns short, generally < 2 mm. Diploid plants. ..........cccccccvevvenennene
....................................................................... F. marginata subsp. marginata
2  Leaf scabrid, at least in the apicat/upper part. Spikelets and leaf sheaths
generally pubescent. Plants glaucous to dark green. ...........ccccoceuveveenneenn. 3
-  Leaves completely glatt/smooth, never scabrid. Spikelets glabrous. Leaf
sheaths usually glabrous, only very rarely with sparse hair. Plant bright/

frESN GrEeN. ..o F. silana
3 Tiller leaves with 5(rarely 7) vascular bundles. Sclerenchyma of regular
thickness throughout its length. Plants of natural areas............cccc.c....... 4

-  Tiller leaves with 7-9 (rarely 5) vacular bundles. Sclerenchyma irregularly
thickened throughout its length. Plant typical of synantropic or disturbed

habitats. ..o F. trachyphylla
4 Sclerenchyma generally forming a thick continuous ring, more rarely part-
ly interrupted. Leaves strongly scabrid. ...........ccccooovieieieciiniinie. F. stricta

—  Sclerenchyma in three decurrent strands at the margins and keel, more
rarely with accessory strands opposed to the vascular bundles. Leaves
moderately to weakly scabrid............cccceeveviiiiiiiiiieeeee F. rupicola

Discussion

Despite the superficial similarities with other taxa of the Festuca marginata
group and F. trachyphylla, our findings fully support F. silana as a standalone
species. Attempts to identify the samples of F. silana with current keys of
the Italian flora led to F. costei due to the high importance of the scleren-
chyma ring and the general appearance of plants resembling the F. margin-
ata group. However, many morphological characters neglected by the keys

PhytoKeys 255: 85-102 (2025), DOI: 10.3897/phytokeys.255.146942 9



Mattia Pallanza et al.: A new species of Festuca L. (Poaceae) endemic to the Sila plateau in Italy

(such as the number of vascular bundles, the presence of undulations in-be-
tween epidermal cells, shorter arms of the leaf cross-section, etc.) easily
emerge when looking at the specimens of the two taxa side by side. F. costei
(= F. arvernensis Auquier, Kerguélen & Markgr.-Dann. subsp. costei (St.-Yves)
Augquier & Kerguélen) has been described for the Massif Central in France
and never reported for the Apennines. The separation between the two taxa
was also confirmed by the ploidy inference via flow cytometry. F. silana is
always hexaploid, thereby excluding any possibility of it being a particular
morphotype of F. costei, which has been consistently reported as tetraploid
(Auquier and Kerguélen 1977; Portal 1999; Smarda et al. 2008). Additionally,
although F. costei appears in the most recent checklists of the Italian vascu-
lar flora (Bartolucci et al. 2018, 2024), it has been reported for a single local-
ity in the Maritime Alps (Piedmont, Italy; Foggi et al. 2017), but we could not
trace any herbarium specimens supporting this data. Moreover, we visited
the locality reported by Foggi et al. (2017) and could not find any individuals
of this taxon here. Finally, biogeographical considerations were quite weak
in supporting this determination and a disjunction between Massif Central
— Southern Apennines is not very plausible. In light of these consideration,
F. costei is not a component of the flora of Italy.

Despite the shared hexaploidy and similar leaf cross-sections’ anatomy, fes-
cues of the F. stricta group differ from F. silana in their commonly pubescent til-
ler leaves’ sheaths and spikelets. Also, species of the F. stricta group commonly
display some level of scabridity in the tiller leaf blades, which never occurs in
F. silana. Finally, F. silana differs from F. marginata from the strong morphologi-
cal distinction in leaf cross section anatomy, especially in sclerenchyma devel-
opment and structure, as well as for the ploidy level (diploid vs hexaploid). The
morphological differences can be attributed to the different ploidy levels, as it
has been shown that an increase in ploidy level influences different morpholog-
ical characters in fine-leaved fescues (Rewicz et al. 2018).

It is reasonable to think that F. silana may have originated from autopo-
liploidy of F. marginata, which is also present in the Sila plateau and some-
times even within the same localities. This hypothesis is supported by the
ddRADseq sequencing results. It should be noted that the F. marginata group
has recently been revised in Central-Southern Europe (Ardenghi et al. 2024)
and all the previously described taxa have been reduced to two single diploid
subspecies reflecting major differences in morphology and genome size be-
tween the populations in Greece (considered as Festuca marginata subsp.
heldreichii (Hack.) Ardenghi & Foggi) and the remaining European populations
(reported under Festuca marginata (Hack.) K. Richt. subsp. marginata). This
newly discovered taxa from the Southern Apennines highlights the need for
continued taxonomic research to broaden the understanding of plant diversi-
ty of critical groups such as Festuca in the Apennines.
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Abstract

Based on a comprehensive morphological and molecular data analysis, we have con-
firmed and described a new species within the genus Sinocrassula, which is distributed
in Sichuan Province, China. Morphologically, the new species resembles Sinocrassu-
la diversifolia and S. indica, but it is distinctly different from them in its asymmetrical
leaves, leaf apex with glands, triangular petals that are white at the base and adorned
with dense purple-red stripes and spots on the surfaces upward, and rectangular nectar
scales. A phylogenetic analysis utilizing four plastid markers and one nuclear marker
supports the conclusion that the new species is sister to S. ganluoensis.

Key words: Hengduan mountains, phylogeny, rosette, species diversity, taxonomy

Introduction

Crassulaceae are a morphologically diverse and systematically complex group
of angiosperms, comprising 35 genera and approximately 1,400 species (Berg-
er 1930; Eggli 2003; Thiede and Eggli 2007; Messerschmid et al. 2020). Known
for their heat resistance and rapid growth, members of the Crassulaceae fam-
ily are highly adaptable and easy to cultivate. This adaptability makes them
excellent for soil improvement and essential components in vertical gardens
and green roofs (Zhu 2015). Sinocrassula A. Berger is a small genus within the
family Crassulaceae, comprising approximately ten species distributed across
various regions, including Bhutan, China, India, Nepal, Pakistan, Sikkim, and
Vietnam (Wang et al. 2012, 2022; Fu and Ohba 2013; Averyanov et al. 2014).
Despite the distinct characteristics of Sinocrassula, defining monophyletic
groups within the genus has proven to be extremely challenging due to the
frequent intergradation of morphological traits among taxa, as well as the ex-
tensive diversity in morphology and growth habits (Fu and Ohba 2013). Some
species of Sinocrassula (e.g., S. indica) have been used as traditional medi-
cine, or enjoyed as a vegetable and infused in herbal teas (Zhao et al. 2004;
Xie and Yoshikawa 2012). In recent years, an increasing number of species of
Sinocrassula have been discovered in Asia (e.g., S. jiaozishanensis Chao Chen,
J. Guan Wang & Z.R. He, S. vietnamensis Aver. & V.V. Byalt) (Averyanov et al.

* These authors contributed equally to this work.

103



Rong-Juan Li et al.: Sinocrassula obliquifolia (Crassulaceae), a new species from China

2014; Wang et al. 2022). The discovery of new species may provide more me-
dicinal resources and increase the species diversity of Sinocrassula.

In July 2023, we conducted two field surveys in Sichuan Province, where we
identified two populations of Sinocrassula in Shimian and Hanyuan counties.
After carefully culturing the plants and performing a morphological study, we
discovered that these populations are distinctly different from all other species
within the genus. Additionally, we conducted a phylogenetic analysis, which
indicated that these populations form a well-supported clade that is sister to
S. ganluoensis (Li et al. 2024). We propose those populations as a new species
of Sinocrassula.

Materials and methods
Morphological studies

The living plants of the new species were cultivated in the greenhouse at Yun-
nan University. Plant morphologies were photographed using a Nikon SMZ1270
stereo microscope (Nikon). Morphological comparisons among the new spe-
cies and its related species were from field observations, herbarium investiga-
tions, and the literature (e.g., Fu and Ohba 2013; Averyanov et al. 2014; Wang
et al. 2022). Voucher specimens of the new species have been deposited in
the Herbarium of Yunnan University (YUKU; herbarium acronyms follow Index
Herbarium by Thiers 2024).

Taxonomic sampling

In order to clarify the phylogenetic position of the new species, two sam-
ples of the new species and its putative closely related taxa of Sinocrassula
from China were included in the phylogenetic analysis. In total, 22 acces-
sions representing 12 species of Sinocrassula were used for the phylogenet-
ic analysis. Based on previous phylogenetic studies (Messerschmid et al.
2020; Wang et al. 2022), Kungia aliciae (Raym.—Hamet) K. T. Fu was selected
as the outgroup.

DNA extraction, amplification, and sequencing

Total genomic DNA was extracted from silica-dried material using the TIANGEN
plant genomic DNA extraction kit (TIANGEN Biotech., Beijing, China) following
the manufacturers’ protocols. Four chloroplast DNA markers (psbA-trnH, trnL-F,
rbcL, matK)] and one nuclear marker (ITS) were amplified and sequenced using
previous primers and protocols (Wang et al. 2022).

Phylogenetic analyses

Sequences from GenBank and the newly generated data (Table 1) were
aligned using MAFFT v7.450 (Katoh and Standley 2013), followed by man-
ual refinement in BioEdit (Hall 1999). Single alignments were concatenat-
ed to a matrix using the ‘Concatenate Sequence’ plugin in PhyloSuite v1.2.2
(Zhang et al. 2020). ModelFinder (Kalyaanamoorthy et al. 2017) was used
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Table 1. Species information and corresponding GenBank accession numbers of Sinocrassula and close relative genus
used in this study.

Species
Kungia aliciae

Sinocrassula
ambigua
S. ambigua

S. ambigua

S. densirosulata
S. diversifolia

S. diversifolia
S. ganluoensis
S. ganluoensis
S. holotricha
S. holotricha
S. indica

S. indica var.
obtusifolia

S. indica var.
obtusifolia

S. jiaozishanensis
S. jiaozishanensis
S. jiaozishanensis
S. obliquifolia

S. obliquifolia

S. yunnanensis
S. yunnanensis

S. yunnanensis

S. yunnanensis

Voucher Location trnL-trnF | psbA-trnH rbeL ITS matK Reference
Mayuzumi CH00061 (T1) Sichuan, China AB480632 - - AB480591 - Mayuzumi and
Ohba 2009
Chen et al. YUS12973 Degin, Yunnan, China | PQ629032 | PQ629054 | PQ629039 | PQ611189 | PQ629047 Xu et al. 2025
(YUKU)
Chenetal. YUS12672  Degin, Yunnan, China = PQ629030 = PQ629055 | PQ629038  PQ611188 | PQ629046 = Xuetal. 2025
(YUKU)
Chen et al. YUS6698 Degin, Yunnan, China | PQ629035 = PQ629059 & PQ629040  PQ611190 | PQ629048 Xu et al. 2025
(YUKU)
Chang XC19075 (S2) China MW206800  MW206800 MW206800 - MW206800 Unknown
Chen et al. YUS9407 Gongshan, Yunnan, PQ629070 PQ629074 PQ629066 PQ623396 PQ629062 This study
(YUKU) China
Chen et al. YUS9477 Gongshan, Yunnan, | PQ629071 | PQ629075 PQ629067 PQ623397 PQ629063 This study
(YUKU) China
Zhao et al. YUS6699 Ganluo, Sichuan, China | PQ505691 PQ505693 | PQ505695 | PQ496498 | PQ505697 Lietal. 2024
(YUKU)
Zhao et al. YUS13920 Kangding, Sichuan, PQ505692 | PQ505694 = PQ505696 | PQ496499 = PQ505698 Li et al. 2024
(YUKU) China
Zhao et al. YUS13475 Jiulong, Sichuan, PQ629034 | PQ629056 & PQ629042 PQ611192 | PQ629050 Xu et al. 2025
(YUKU) China
Zhao et al. YUS12867 Yuexi, Sichuan, China | PQ629031 | PQ629057 | PQ629043 | PQ611193 | PQ629051 Xu et al. 2025
(YUKU)
2jq20160061 (SANU) Xizang, China MN794334 = MN794334 MN794334 - MN794334 | Zhao et al. 2020
Wang et al. YUS13936 Deqin, Yunnan, China | PQ505699 | PQ505701 | PQ505703 | PQ496500 = PQ505705 Li et al. 2024
(YUKU)
Wang et al. YUS13959 Deqin, Yunnan, China | PQ505700 | PQ505702 | PQ505704 | PQ496501 | PQ505706 Li et al. 2024
(YUKU)
Chen et al. JZS001 Luquan, Yunnan, China | MZ343264 | MZ343262 | MZ343263 - MZ343261 | Wang et al. 2022
(YUKU)
Chen et al. JZS002 Luquan, Yunnan, China | MZ343269 = MZ343267 = MZ343268 - MZ343266 @ Wang et al. 2022
(YUKU)
Chen et al. YUS5900 Luquan, Yunnan, China | PQ629036 | PQ629058 @ PQ629044 PQ611194 PQ629052 Xu et al. 2025
(YUKU)
Zhao et al. YUS9064 Hanyuan, Sichuan, PQ629072 PQ629076 PQ629068 PQ623398 PQ629064 This study
(YUKU) China
Huang et al. YUS9366 Shimian, Sichuan, PQ629073 PQ629077 @ PQ629069 PQ623399 PQ629065 This study
(YUKU) China
Chen s.n. (HIB) Yunnan, China - - - KC988288 | KC988295 | Chenetal. 2014
Mayuzumi C00115 (TI) Yunnan, China AB480669 - - AB088582 - Mayuzumi and
Ohba 2004
Chen et al. YUS6697 Heging, Yunnan, China | PQ629037 | PQ629060 | PQ629045 | PQ611195 | PQ629053 Xu et al. 2025
(YUKU)
Chen et al. YUS13776 Heging, Yunnan, China | PQ629033 | PQ629061 | PQ629041 | PQ611191 | PQ629049 Xu et al. 2025
(YUKU)

Note. Accession numbers in bold indicates newly generated data for this study.

PhytoKeys 255: 103-112 (2025), DOI: 10.3897/phytokeys.255.142079

to select the best-fitting likelihood model for Maximum Likelihood (ML) and
Bayesian Inference (BI) using the bias-corrected Akaike information criterion
(AICc). Maximum likelihood bootstrapping was performed with 5,000 rapid
bootstrap (BS) analyses followed by a search for the best-scoring tree in a
single run through 1Q-tree v2.1.2 (Nguyen et al. 2015). Bayesian inference
was conducted for the combined dataset using MrBayes v3.1.2 (Huelsen-
beck and Ronquist 2001) with two runs of four Markov chain Monte Carlo
(MCMC) chains, each beginning with a random tree and sampling every 1000
generations for 20,000,000 generations. Finally, the concatenated trees were
generated and visualized with their Maximum-Likelihood Bootstrap Support
values (ML-BS) and Bayesian Inference Posterior Probability (BI-PP) in Fig-
tree v1.4.3 (Rambaut 2017).
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Results and discussion

A total of 23 accessions representing 12 species from the genus Sinocrassula,
along with one outgroup (Kungia aliciae), were included in the phylogenetic anal-
ysis. The concatenated dataset was 6,433 bp in length and GTR + F + | + G4 was
selected as the best evolutionary model of nucleotide substitutions. The inferred
phylogenetic trees from the ML and Bl analyses revealed identical topologies.
Two samples of the new species formed a highly supported clade (ML-BS = 99;
BI-PP = 1.00, Fig. 1), and were found to be sister to Sinocrassula ganluoensis
(ML-BS =100, BI-PP =1.00, Fig. 1). Then, they together are sister to S. diversifolia
(ML-BS = 74, BI-PP = 0.94, Fig. 1). Although the new species is closely related
to S. ganluoensis and S. diversifolia, it can be easily distinguished from these
two species by its asymmetrical leaves and triangular petals, which are white at
the base with dense purple-red stripes and spots on the both surfaces upward.
Morphologically, the new species is most similar to S. indica (Table 2). However,
the phylogenetic analysis showed that they have a distant relationship (Fig. 1).

Sinocrassula obliquifolia YUS9064
Sinocrassula obliquifolia YUS9366
Sinocrassula ganluoensis YUS6699

Sinocrassula ganluoensis YUS13920

98/1.00

100/1.00 { Sinocrassula diversifolia YUS9407
Sinocrassula diversifolia YUS9477

M[ Sinocrassula indica zjg20160061
Sinocrassula densirosulata Chang XC19075

Sinocrassula ambigua YUS12672
100/1.00 | Sjnocrassula ambigua YUS6698

Sinocrassula ambigua YUS12973

96/1.00

9/1.00 Sinocrassula yunnanensis Chens.n.

Sinocrassula yunnanensis C00115
Sinocrassula yunnanensis YUS6697
Sinocrassula yunnanensis YUS13776
107200 ocrassula indica var. obtusifolia YUS13936
Sinocrassula indica var. obtusifolia YUS13959
100/1.00 Sinocrassula holotricha YUS12867
Sinocrassula holotricha YUS13475

] Sinocrassula jiaozishanensis YUS5900
10071.00 Sinocrassula jiaozishanensis JZS001
Sinocrassula jiaozishanensis JZS002

Kungia aliciae CH00061

0.007
Figure 1. The maximum likelihood phylogeny of Sinocrassula and its allies based on four chloroplast markers (psbA-trnH,
trnL-F, rbcL, and matK) and one nuclear marker (ITS). Values associated with branches are Maximum Likelihood Bootstrap
Support (ML-BS) and Bayesian Inference Posterior Probability (BI-PP). Bold indicated it received full ML-BS and BI-PP support.
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Table 2. Morphological comparison of Sinocrassula diversifolia, S. ganluoensis, S. indica, and S. obliquifolia.

Character
Life cycle

Plant surface

Basal leaves

Stem leaves

Sepals

Bracts

Inflorescences
Length of flowering stems

Petals

Nectar scales
Nectar scales size

Length of styles

S. diversifolia

Glabrous, many parts purple-
spotted

Rosette lax, many parts brown-

spotted, broadly obovate

Alternate, dimorphic

Triangular-lanceolate

Resembling distal stem leaves

but smaller
Corymbiform

Lanceolate, yellow, spotted
with purple

Broadly quadrate
0.3-0.5x0.5-0.7 mm
0.5-1.0 mm

S. ganluoensis
Perennial

Glabrous

Rosette compact, orbicular-
lanceolate

Alternate, Linear, lanceolate

Ovate-lanceolate

Lanceolate

Corymbiform
5-11.5cm

Broad triangular, yellowish,
deeply purplish red upward

Quadrate
0.5x% 0.9 mm
0.6-1 mm

S. indica
Biennial

Glabrous

Rosette, spatulate-oblong

Alternate, broadly oblanceolate,

subobovate, ovate-orbicula

Broadly triangular

Resembling distal stem leaves

but smaller

Paniculate, often corymbiform

5-60 cm or shorter

Lanceolate to ovate, red, reddish,

yellow or greenish yellow

Quadrate, apex emarginate

Less than 1.0 mm

S. obliquifolia
Biennial

Glabrous, many parts purple-
spotted

Rosette, asymmetrical leaves
ovoid to lanceolate

Alternate alternate, lanceolate,

many parts with purple spots
Broadly triangular

Lanceolate

Corymbiform

10-18 cm

Triangular, base white, spotted

with purple upward
Rectangler
0.3-0.5x0.2-0.3 mm
1.0-1.5mm

The new species exhibits some typical characteristics of Sinocrassula in-
cluding compact rosette, stem leaves alternate and lanceolate, bracts resem-
bling distal stem leaves but smaller, flowers 5-merous, broadly triangular se-
pals, and ovoid carpels (Fu and Ohba 2013). A comparison of morphological
characters among the new species and its morphologically similar species is
shown in Table 2. The new species can easily distinguished from other species
by its unique combination of asymmetrical leaves, rectangler nectar scales,
and triangular petals which are white at the base and gradually transition to
purple toward the tips (Fig. 2).

Taxonomic treatment

Sinocrassula obliquifolia Jing Zhao, J.Guan Wang & X.M.Zhou, sp. nov.
urn:Isid:ipni.org:names:77360183-1
Figs 2,3

Type. CHINA « Sichuan: Hanyuan County, Yaan City, elev. ca. 837 m, 29.333262°N,
102.571721°E, on the granite crevices, 6 July 2023, Jing Zhao et al. YUS9064
(holotype YUKU!; isotype YUKU!).

Diagnosis. Sinocrassula obliquifolia is similar to S. indica in having rosette,
ovoid carpels, and broadly triangular sepals. However, this new species has
shorter flowering stem (10-18 cm) (vs. 5-60 cm in S. indica), lanceolate stem
leaves (vs. oblanceolate to ovate-orbicular stem leaves in S. indica), triangular
petals (vs. lanceolate to ovate petals in S. indica), petals with a white base
adorned with dense purple-red stripes and spots on the surfaces upward (vs.
red, reddish, yellow, or greenish-yellow in S. indica) and rectangle nectar scales
(vs. quadrate in S. indica). S. obliquifolia is also similar to S. diversifolia in having
corymbiform inflorescences, petals, and stamens with purple spots. However,
S. obliquifolia has a well-defined rosette (vs. less defined rosette in S. diversifo-
lia), monomorphic stem leaves (vs. dimorphic stem leaves in S. diversifolia), tri-
angular petals with dense purple-red stripes and spots on the surfaces upward
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lmm

0.5mm

0.5mm

Figure 2. Sinocrassula obliquifolia A, B habit C, D flowers E stamen F, G petals H carpel | sepal J nectar scale K basal
leaves L stem leaves M gland of basal leaf N leaves that abscise and bud during the flowering period, left: basal leaf,
right: stem leaf.
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(vs. lanceolate petals that are yellow with purple spots in S. diversifolia) and
rectangle nectar scales (vs. broadly quadrate in S. diversifolia).

Description. Perennial herbs, terrestrial or lithophytic, 5.0-20.0 cm tall,
rosette 5.0-8.0 x 6.0-8.0 cm. Roots fibrous. Basal leaves rosette, spiral-
ly arranged, asymmetrically ovoid to lanceolate, apex with glands, 2.0-3.0 x
1.0-2.0 cm. Flowering stems terminal, 10.0-18.0 cm, glabrous with purple
spots. Stem leaves alternate, lanceolate, many parts with purple spots. Bract
resembling distal stem leaves but smaller, lanceolate, 3.0-3.5 x 0.5-1.0 cm.
Inflorescences corymbiform, ca. 2.0-3.0 cm in diameter. Flowers small, ca.
3-6 mm in diameter. Sepals broadly triangular, purple with red spots, 1.5-2.0
x 0.5-1.2 mm. Petals triangular, base white, with dense purple-red stripes and
spots on the surfaces upward, 2.0-4.0 x 1.0-2.0 mm. Stamens ca. 2-3 mm,
white, anthers oblong-cordate, ca. 0.5 mm, pollen yellow. Nectar scales broadly

AR 7 T Y

Figure 3. Sinocrassula obliquifolia A habitat B, C habit.
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rectangular, ca. 0.3-0.5 x 0.2-0.3 mm. Carpels 5, ovoid, clockwise rotation,
1.0-2.0 x 0.5-1 mm, styles 1.0—-1.5 mm. Flowering June—October which coin-
cides with the rainy season and the shedding of the leaves and the emergence
of new buds.

Distribution and habitat. Sinocrassula obliquifolia is currently known in
central Sichuan Province, China. Two populations were found in granite crev-
ices, as well as on dry stony or gravelly slopes at elevations ranging from 837
to 1140 m.

Additional specimens examined (paratypes). CHINA + Sichuan: Shimian
County, Yaan City, elev. ca. 1140 m, 29.258594°N, 102.371583°E, on the granite
crevices, 12 May 2023, Chuan-Jie Huang et al. YUS9366 (YUKU!).

Etymology. The epithet obliquifolia refers to the asymmetrical leaves of the
basal leaves, a unique characteristic for this species within Sinocrassula. Its
Chinese name is suggested as ‘#4734 (xie ye shi lian)’.
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Abstract

A new species, Caloneis nanyiensis sp. nov., is described from Nanyi Lake, the larg-
est lake in southern Anhui Province, China. Observations were made using a light and
scanning electron microscope documenting the size, shape and ultrastructure of the
new species. Caloneis nanyiensis sp. nov. has rhombic valves with acutely rounded api-
ces. The raphe is narrow and arched. An internal axial plate covers the alveoli, leaving
small marginal openings bordered by costa, thickened and raised from the valve face.
The striae are slightly radiate to parallel in the central area, becoming radiate towards
the apices. By comparing the new species with similar Caloneis species, C. nanyiensis
sp. nov. was confirmed to be sufficiently different with respect to valve size and striae
density to be recognised as new to science. The new species lives in freshwater habitats
and epiphytic on Cladophora. The discovery enhances our knowledge of the diversity of
freshwater diatoms in China.

Key words: Axial area, Caloneis, girdle, raphe, rhombic valve

Introduction

Cleve and Grove initially described the genus Caloneis at the subgroup level,
originally within the genus Navicula (Cleve and Grove 1891). Unfortunately, they
did not provide a valid description; however, a few years later, Cleve provided
a valid generic description in the Synopsis of the Naviculoid Diatoms (Cleve
1894). The type species of the genus Caloneis was indicated by Boyer (1927) to
be Caloneis amphisbaena (Bory) Cleve (1894). The primary diagnostic features
of this genus include valves that are linear-lanceolate to elliptical with capitate
or rostrate ends. The shapes of axial and central areas are variable. Distal raphe
fissures are usually distinct. The chambered striae give the appearance of one
to two longitudinal lines. The striae of Caloneis are composed of fine alveoli.
The outer wall of the alveoli is perforated by many rows of small, round poroids
occluded by hymens and the inner wall of each alveolus typically opens to the
inside of the valve by one fairly large, transapically elongate areola (Round et
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al. 1990). Caloneis is considered a widely distributed genus with a very broad
ecological range, including freshwater, brackish and marine environments
(Levkov and Williams 2014). To date, 392 taxonomically accepted species of
Caloneis are listed in AlgaeBase (Guiry and Guiry 2025). After 2000, several
new species have been reported from various localities from around the world
(Lange-Bertalot et al. 2004; Metzeltin et al. 2005; Metzeltin and Lange-Bertalot
2007; Levkov and Williams 2014).

Traditionally, Caloneis and Pinnularia Ehrenberg have been considered dis-
tinct genera, the diagnostic features between the two genera mainly including
the genus Caloneis having alveolate striae that are usually thinner and denser
than those of Pinnularia (Hustedt 1935; Round et al. 1990; Mann 2001; Levkov
and Williams 2014; Kulikovskiy et al. 2023). Molecular studies conducted
thus far indicate that both the genus Pinnularia and the genus Caloneis are
not monophyletic (Bruder et al. 2008; Souffreau et al. 2011; Kulikovskiy et al.
2023). These findings suggest that the genus Pinnularia may require further
subdivision, which remains unresolved. With the in-depth study of molecular
systematics, we believe that the taxonomic status of the genera Pinnularia and
Caloneis will be more accurately and clearly divided.

In China, the vast majority of new Caloneis species were published before
2000, including Caloneis bacillum f. latilanceolatum Zhu and Chen (1995),
Caloneis chansiensis Skvortzov (1935), C. elongata var. constricta Cheng and
Chin (1980), Caloneis fasciata var. pekinensis Skvortzov (1928), Caloneis hol-
stii var. tibetica Jao (1964), Caloneis hunanensis Chen and Zhu (Zhu and Chen
1989), Caloneis lepidula var. angustata Skvortzov (1976), Caloneis patagonica
var. sinica Skvortzov (1938a), C. platycephala Cheng and Chin (1980), Caloneis
schroderi var. densestriata Skvortzov (1976), Caloneis schumanniana var. bicon-
stricta f. minor Zhu and Chen (1995), Caloneis silicula var. hankensis Skvortzov
(1929), Caloneis schumanniana f. gracilis Skvortzov (1935), Caloneis silicula
var. hinganica Skvortzov (1976) and Caloneis sphagnicola Skvortzov (1938b).
After 2000, only one taxon has been reported in this genus: Caloneis clevei var.
parallela Skvortzov ex Gololobova and Kulikovskiy (Skvortzov 2012).

During the investigation of freshwater diatom diversity in Nanyi Lake, we dis-
covered a new species, which is described here as Caloneis nanyiensis sp. nov.
The purpose of this study was to document and formally describe the species,
based on both light microscope (LM) and scanning electron microscope (SEM)
observations and to compare it with other morphologically similar species of
the genus.

Material and methods

Diatom samples were collected from Nanyi Lake (31°01'-31°10'N, 118°50'-
119°3'E), Anhui Province, China, in August 2018. The lake area is 210 km?2.
Nanyi Lake was formed by the differentiation of the ancient Danyang Lake.
The ancient Danyang Lake system was a stagnant lake formed by long-term
siltation and water accumulation in a newly-constructed fault depression. The
climate of the Nanyi Lake area, as reported by the Langxi County meteorologi-
cal station, belongs to the North subtropical monsoon humid climate zone. The
main features are: mild climate, four distinct seasons, hot and rainy season,
abundant rainfall and ample sunshine (Jia et al. 2021).
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In the field, several water chemistry characteristics were recorded, includ-
ing: pH, temperature, salinity, total dissolved solids (TDS) and conductivity.
These parameters were measured using a YSIPro Plus multiparameter me-
ter (YSI, Ohio, USA). In the field, collections of attached algae were scraped
from the surfaces of stones using (sterilised?) toothbrushes and/or a knife
and the samples were placed in a bottle, preserved with formalin (4% final
concentration) and sealed.

In the laboratory, the diatom valves were cleaned of organic matter using
the Microwave Accelerated Reaction System (Model MARS, CEM Corporation,
USA) (Parr et al. 2004). The digestion followed a pre-programmed digestion
scheme (temperature: 180 °C, ramp: 15 min, hold: 15 min) (Yu et al. 2019). Af-
ter digestion, samples were alternatively centrifuged (5 minutes at 3500 rpm)
and washed with distilled water (approximately five times) until the pH of the
sample was approximately neutral. The cleaned material was kept in 95% eth-
anol. Cleaned diatom specimens were mounted on glass slides in Naphrax for
light microscopy (LM) or air-dried on to coverslips and mounted on to Cu stubs
for observation with a scanning electron microscope (SEM). LM studies were
made with a ZEISS AXIO Imager A2 microscope fitted with DIC optics and a
1.4 numerical aperture, 100x oil immersion objective. SEM examination was
conducted using a Hitachi SU-8010 (2 kV, working distance less than 6 mm).
Images were compiled with Adobe Photoshop CS6. Morphological terminolo-
gy follows Round et al. (1990). Both unprepared (field) samples and prepared
slides of mounted material are housed in the Laboratory of Algae and Environ-
ment, Department of Biology, Shanghai Normal University (SHTU).

Results

Caloneis nanyiensis Pan Yu & Qing-Min You, sp. nov.
Figs 1-3

Type material. Holotype. Specimen circled on slide NYH-20180801 (= Fig. 1A),
deposited in the Herbarium of Shanghai Normal University (SHTU), China.

Isotype. Specimen circled on slide 652047 (= Fig. 1D), deposited in the Her-
barium of University of Colorado, Boulder, USA.

Type locality. China. Anhui Province: Nanyi Lake, sampling site with the coor-
dinates 31°01'N, 118°50'E. Diatom samples collected by Pan Yu, 19 August 2018.

Description. LM (Fig. 1A—-M): Valve length 14.5-28.5 ym, width 8.0-10.2 ym.
Valves rhombical in shape with acutely rounded apices. Raphe narrow and
arched, with slightly unilaterally bent central pores and slightly curved termi-
nal fissures. Axial area linear-lanceolate, becoming wider at the central area.
Striae are slightly radiate to parallel in the central area, becoming more radiate
towards the apices, 16-18 in 10 ym.

SEM valve exterior (Fig. 2A—E): Valve face usually uneven, with slightly raised
ends and a slightly concave middle (Fig. 2A, B). Central area nearly rhombic,
with a width accounting for 1/4-1/3 of the valve, the striae pattern in the central
area is obviously shorter. (Fig. 2A, B, E). Raphe branches arched with proximal
raphe ends weakly unilaterally deflected and dilated, drop-like in shape (Fig. 2A,
B, E). Distal raphe fissures hooked and continuing on to the mantle (Fig. 2C, D).
Striae multiseriate, composed of 4-5 rows of small, rounded areolae, which
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Figure 1. Caloneis nanyiensis sp. nov. LM x1000 A-M thirteen valves showing a size diminution series; note that the

valves rhombic and raphe narrow and arched. A lllustration of holotype specimen D illustration of isotype specimen.
Scale bars: 10 ym (M).

are occluded by heavy silicified, perforated hymenes (Fig. 2D, E). Girdle with a
single row of linear poroids (Fig. 2A).

SEM valve interior (Fig. 3A-E): The raphe is filiform and slightly arched
(Fig. 3A). The proximal raphe endings are deflected to the same sides (Fig. 3B,
C) and curve towards a central nodule that is positioned to one side of the cen-
tral area. The raphe terminates distally as an elevated helictoglossa (Fig. 3D, E).
An axial plate covers the alveoli, leaving small marginal openings bordered by
costae thickened and raised from the valve face (Fig. 3A, B). Striae composed
of 2—4 areolae are present on the mantle (Fig. 3D, E).

Etymology. The new species is named after the type locality, Nanyi Lake.

Distribution and ecology. So far, the new species has only been collected at
the type locality in Nanyi Lake. The habitat of the new species is characterised
by pH 8.1, water temperature 30.2 °C, TDS 0.204 g.I", conductivity 175.7 ps.
cm”, collected in one sample (NYH-20180801) on Cladophora. In the type

sample, this new species occurred at less than 2% relative abundance, estab-
lished from a total count of 400 valves. Amongst the species co-occurring with
Caloneis nanyiensis sp. nov., only four species accounted for more than 5% of
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Figure 2. Caloneis nanyiensis sp. nov. SEM views of the external valve A, B external view of an entire valve note the raphe
narrow and arched C details of the apices on the external valve; note the distal raphe fissures hooked and continuing
on to the mantle D details of the striae on the external valve; note the Striae multiseriate, composed of small rounded
areolae and areolae are occluded by heavy silicified, perforated hymenes E showing the central area. Scale bars: 5 pm
(A, B); 2 pm (C, E); 1 ym (D).

the assemblage: Fragilaria pararumpens Lange-Bertalot, Hofmann & Werum
(Hofmann et al. 2013) (25.75%), Achnanthidium jackii Rabenhorst (Rabenhorst
1861) (18.75%), Aulacoseira granulata (Ehrenberg) Simonsen (Simonsen 1979)
(11.5%) and Encyonopsis microcephala (Grunow) Krammer (Krammer 1997) (%).
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Figure 3. Caloneis nanyiensis sp. nov. SEM views of valve interior. A Internal view of an entire valve; note the raphe is
filiform and slightly arched B, C details of the proximal raphe endings which are deflected to the same side D, E details
of the distal raphe ends terminating as helictoglossae and the striae are composed of 2-4 areolae on the mantle. Scale
bars: 5 um (A); 2 um (B, C); 1 ym (D, E).

Discussion

The new species described in this study possesses all the ultrastructural fea-
tures of the genus Caloneis (Round et al. 1990), including having a narrow,
slightly arched raphe with slightly unilaterally bent central pores and slightly
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curved terminal fissures, an axial plate covering the alveoli and striae parallel in
the central area, becoming radiate towards the apices.

Caloneis nanyiensis sp. nov. can be compared to several species in the same
genus, based on similarities in the outline and structure of the valve, including
C. caribeana Metzeltin & Lange-Bertalot (Metzeltin and Lange-Bertalot 2007), C.
permagna (Bailey) Cleve (Cleve 1894) and Caloneis schumanniana var. lancettu-
la Hustedt (Hustedt 1930). The morphological characteristics of C. nanyiensis
and these similar species are summarised in Table 1 to facilitate their compari-
son. The outline of the valves of C. nanyiensis is rhombical with acutely rounded
ends, while that of C. caribeana is rhombical to rhombic-lanceolate with acutely
rounded ends, C. permagna is rhombic-lanceolate with acutely rounded ends
and C. schumanniana var. lancettula is narrow-lanceolate with broadly round-
ed ends. Additionally, the valves of C. nanyiensis are shorter (14.5-28.5 ym)
than C. permagna (85-220 pm), C. caribeana (32-57 pm) and C. schumanni-
ana var. lancettula (35—40 um), as well as narrower (8.0—-10.2 um in C. nanyien-
sis) versus the breadth of valves in C. permagna (35-55 um) and C. caribeana
(14-16 pm). Furthermore, no central area was observed in the new species, but
C. caribeana has a narrow fascia central area, C. permagna has an irregularly
lanceolate central area and C. schumanniana var. lancettula has a transapically
rectangular central area. The stria density of C. nanyiensis is higher (16-18/10
pm) than that of C. permagna (9-12/10 ym), while being lower than those of the
other similar species. Individuals in the populations of C. nanyiensis examined
here have a valve outline that is rhombical in shape, which, together with the
slightly curved raphe, help to differentiate it from other species in the genus.

We also compared our new species with the smaller valves of C. distinguenda
Levkov & Williams (Levkov and Williams 2014). However, the latter taxon is charac-
terised by elliptic-lanceolate valves being 36 um long and 15 pm wide. Additionally,
the central area in smaller specimens of C. distinguenda is distinctly separated
from axial area and transversally elliptic in shape. The density of the striae in small-
er specimens of C. distinguenda is lower (14-16/10 pm) than that of C. nanyiensis.

Caloneis are common in alkaline, brackish and marine habitats, species of
the genus Caloneis having a broad ecological niche (Levkov and Williams 2014).

Table1. Comparison of morphological characteristics of Caloneis nanyiensis sp. nov. and closely-related taxa.

Species/Feature

Valve length (um)

Valve width (um)

Valve outline

Valve apices
Axial area
Central area
Raphe

Density of striae
(10 pm)

References

C. nanyiensis sp. nov.

C. caribeana Metzeltin & C. permagna (Bailey) C. schumanniana var.
Lange-Bertalot Cleve lancettula Hustedt
14.5-28.5 32-57 85-220 35-40
8.0-10.2 14-16 35-55 8
Rhombical Rhombical to rhombic- Rhombical-lanceolate Narrow-lanceolate
lanceolate
Acutely round Acutely round Acutely round Broadly rounded
Linear to lanceolate Narrow, linear Irregularly lanceolate Narrow-lanceolate
Absent Very narrow fascia Irregularly lanceolate Transapically rectangular
Narrow and arched Distinctly curved Straight Straight
16-18 17-20 9-12 17-20
Current study Metzeltin and Lange- Cleve (1894), Krammer | Hustedt (1930), Krammer
Bertalot (2007) and Lange-Bertalot (1986)  and Lange-Bertalot (1986)
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For example, Caloneis is diverse in cold-water oligotrophic habitats, C. limosa
prefers to inhabit alkaliphilic, oligotrophic and up to B-mesosaprobic water bod-
ies, and C. schumanniana is classified as a planktonic-benthic, oligo-xenosap-
robiontic and alkaliphilic species (Denys 1991; Stancheva et al. 2009; Levkov
and Williams 2014). In the present study, Caloneis nanyiensis has only been
found on Cladophora in Nanyi Lake. The water quality of Nanyi Lake reflects a
moderate nutrient level. This investigation did not detect the presence of this
novel species in any other location. It is postulated that this species may be a
good indicator of water bodies with moderate nutrient levels. However, further
ecological studies are needed to confirm this hypothesis.
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Abstract

Cardamine macrophylla Willd. and Cardamine tangutorum O.E.Schulz are both widely
distributed plants of the genus Cardamine L. in East Asia, and they are regarded as
the same species in Flora of China. In this study, through literature and specimen re-
search, morphological measurement and phylogenetic analyses, the results show that
the traditional distinguishing characters cannot distinguish the two species. Cardamine
tangutorum 0.E.Schulz inserted into the branch of Cardamine macrophylla Willd. in the
molecular phylogenetic tree. Therefore, based on the results of this study, Cardamine
tangutorum O.E.Schulz was treated as the synonym of Cardamine macrophylla Willd.

Key words: Cardamine, China, morphology, phylogenetics, taxonomy

Introduction

The genus Cardamine L. belongs to the tribe Cardamineae within the Brassica-
ceae family. It is a cosmopolitan group with approximately 280 species distrib-
uted worldwide (Marhold et al. 2021). As one of the global centers of diversity,
Flora of China records 48 species of Cardamine L. in China, 24 of which are en-
demic. New species and distribution records of Cardamine L. in China continue
to be reported (Al-Shehbaz 2015a, 2015b; Diao et al. 2023)(Marhold et al. 2007
Al-Shehbaz and Boufford 2008; Chen et al. 2011; An et al. 2016; Marhold et al.
2016; Slenker et al. 2018; Wu et al. 2021; Guo et al. 2024; Li et al. 2024). To date,
there are 61 Cardamine L. species in China, 31 of which are endemic.

In 1753, Linnaeus published the genus Cardamine L. in Species Plantarum,
which included 15 plant species. The type species of the genus is Cardamine
pratensis L. Additionally, Linnaeus also established the genus Dentaria L. (Lin-
naeus 1753). In 1769, Crantz merged Dentaria L. into Cardamine L. (Crantz
1769). 0. E. Schulz classified Cardamine L. into 13 sections based on the pres-
ence or absence of scales on the rhizome surface, ovule number, funiculus
morphology, and the relative position of cotyledons and radicles (Schulz 1903)
(Schulz 1931, 1936). This system was adopted by major floras such as FRPS
and Flora of the USSR (Komarov 1939; Zhou. et al. 1987). In FRPS, Chinese
Cardamine L. species were divided into seven sections based on Schulz's clas-
sification system, with most species assigned to the section Cardamine L.
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Al-Shehbaz proposed the concept of a broadly circumscribed Cardamine
L., defining the genus as a cruciferous group characterized by “flattened and
winged seeds, and dehiscent siliques that split elastically through torsion.”
This treatment incorporates Dentaria into the expanded Cardamine s. I. and
abolishes infrageneric classifications (Al-Shehbaz 1988, 2000, 2015c) Al-She-
hbaz and Guang 1998; Zhou et al. 2001). These taxonomic revisions have
subsequently received support from molecular phylogenetic evidence (Franz-
ke et al. 1998; Sweeney and Price 2000). Major floristic works, including Flora
of China and Flora of Pan-Himalaya, have adopted Al-Shehbaz’'s taxonomic
treatment of Cardamine L. (Zhou et al. 2001; Al-Shehbaz 2015c).

During the nomenclatural verification and taxonomic studies of Cardamine
L. species in China, we found that the identification of specimens for the wide-
ly distributed Cardamine macrophylla and Cardamine tangutorum in East Asia
was inconsistent, leading to controversies in their species delimitation. Flora of
China suggested that these two taxa might represent the same species, requir-
ing further verification (Zhou et al. 2001).

Cardamine macrophylla Willd. was first described by Willdenow, based on
specimens collected from the Taz River estuary in the Mangazeya region of
northern Siberia, USSR (as shown in Fig. 2). The distribution of Cardamine
macrophylla spans a wide latitudinal range, occurring in Siberia, the Qinling
Mountains, and the Hengduan Mountains. Due to its significant morpho-
logical variation, numerous subspecies and varieties have been described
under this species. In 1825, D. Don described Cardamine polyphylla D. Don
(Don and Hamilton 1825). In 1872, several varieties of Cardamine macro-
phylla were published in Flora of British India: Cardamine macrophylla var.
dentariifolia Hook. f.& T. Anderson, Cardamine macrophylla var. lobata Hook.
f.& T. Anderson, and Cardamine macrophylla var. sikkimensis Hook. f.& T. An-
derson. Additionally, the nomen nudum Cardamine foliosa Wall. was treated
as Cardamine macrophylla var. foliosa Hook. f.& T. Anderson (Wallich and
East 1828; Hooker 1875). In Schulz’s 1903 system, Cardamine macrophylla
was placed in the Macrophyllum section (Schulz 1903).

In 1980, Tai Yien Cheo and colleagues treated Cardamine polyphylla D.
Don as a variety of Cardamine macrophylla Willd., naming it Cardamine
macrophylla Willd. var. polyphylla (D. Don) T. Y. Cheo et Fang. They also
described a new variety, Cardamine macrophylla Willd. var. diplodonta T. Y.
Cheo, based on variations in leaf margin serration and the number of cauline
leaves (Cheo et al. 1980). In the FRPS, three varieties of C. macrophylla were
recognized: C. macrophylla Willd. var. polyphylla (D. Don) T. Y. Cheo et Fang,
C. macrophylla Willd. var. diplodonta T. Y. Cheo, and Cardamine macrophylla
var. crenata Trautv. (Trautvetter 1887). However, the 2001 edition of Flora of
China synonymized these varieties under C. macrophylla. Additionally, it syn-
onymized Dentaria sino-manshurica Kitag (Kitagawa 1937) and Cardamine
urbaniana O.E. Schulz (Schulz 1903) with C. macrophylla (Zhou et al. 2001).

Cardamine tangutorum O.E. Schulz was described by Schulz in 1903. Ac-
cording to the protologue, this species is distinguished by its purplish-red,
prominently veined sepals with translucent narrow margins and its triangu-
larly swollen ovule stalks measuring 0.5-4.0 mm in length. Schulz cited mul-
tiple specimens as syntypes for this species: Gansu 1872 N. M. Przewalski
#s.n.,1879 N. M. Przewalski #s.n.,1880 N. M. Przewalski #s.n.; Gansu 1885
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G. N. Potanin #s.n.; Shaanxi, Miaowang Mountain 1899 J. Giraldi No. 3379
No. 3378 ;Shaanxi 1884 Potanin #s.n.; Beijing Xiaowutai Mountain 1879 Mél-
lendorff #s.n.; Sichuan 1894 Rosthorn No. 2583 (see Fig. 1). In Schulz’s clas-
sification system for Cardamine L., C. tangutorum was placed in the section
Dentaria (Schulz 1903). Both the FRPS and Flora of China recognized C.
tangutorum. However, the editors of Flora of China noted the morphological
similarity between C. tangutorum and C. macrophylla, suggesting that they
might represent the same species (Zhou. et al. 1987; Zhou et al. 2001), with
a common species distributed in subalpine and alpine zones in the Himala-
yas, North China, Northeast China, Central China, and Hengduan Mountains.

According to records from Flora Reipublicae Popularis Sinicae, Flora of Chi-
na, and Flora of Pan-Himalaya, the morphological distinctions between Car-
damine macrophylla and C. tangutorum are primarily as follows: C. macrophylla
exhibits a conspicuously thickened rhizome lacking scale-like appendages, a
plant height of (20-) 30-95 (-115) cm, 3-12 cauline leaves scattered along
the stem, and uppermost leaflets of the cauline leaves decurrent into winged
extensions. C. tangutorum is characterized by a slender, whip-like rhizome with
scale-like appendages, a plant height of (8—) 15-30 (-40) cm, 1-3 cauline
leaves clustered at the upper stem, and comparatively narrower and smaller
cauline leaves with fewer lateral leaflets and non-decurrent uppermost leaflets.

Based on the above understanding, we conducted morphological and molec-
ular phylogenetic studies, supported by a thorough review of the literature and
examination of specimens, to clarify the taxonomic status of these two species.

Method
Sampling and morphological analyses

Specimens with complete rhizoid and multiple copies were selected from
PE, BNU, KUN and other herbaria, as well as the digital HD and other type
specimen photos on the website of LE Herbarium. Specimens’ collection
are shown in Table 1. A total of 46 population specimens were collected for
morphological analyses. Re-identified and grouped according to the retriev-
al characters described above. Ten traits were selected according to FRPS,
Flora of China, and protologue, and measured by ImageJ (Schindelin et al.
2012), and two ratios were calculated. The characters and coding are listed
in Table 2. PCA was performed by Past 4.13 after standardization by IBM
SPSS Statistics (v.27) (Hammer et al. 2022; IBMCorp 2020).

Phylogenetic analyses

Fresh plant leaves were collected in the field and quickly dried with silica gel.
Plant samples were sent to Beijing Novogene Corporation for quality testing
and re-sequencing. The sequencing platform, Illumina HiSeq X Ten and BGl,
was used to generate approximately 6 GB of data for each sample. The chlo-
roplast genome was assembled from the clean data using Get Organelle (Jin
et al. 2020). Plastid Genome Annotator (PGA) was used to annotate the chlo-
roplast genome with Amborella trichopoda Baill. from software as references
(Qu et al. 2019). Then, 26 plastid genome sequences were downloaded from
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Figure 1. Syntype specimens of Cardamine tangutorum including 1880 N. M. Przewalski #s.n. (top left), 1885 G. N.
Potanin #s.n. (top right), 1879 N. M. Przewalski #s.n. (bottom left), and Rosthorn #2583 (bottom right).
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Table 1. Taxa and sample sites, bold specimen representation was used for molecular
phylogenetic analysis.

Taxa and sample sites
C.tangutorum O.E. Schulz
China Sichuan, Zhongsu Team, 7165
China Sichuan: Wenchuan, K.Y.Lang,L.Q.Lj, Y. Fei, 1136
China Sichuan: Aba, K.Y.Lang,L.Q.Li, Y. Fei, 2048
China Qinghai: K.M.Liou, 6185
China Qinghai, Z.H.Zhang etc, 4484
China Gansu, TRPWang 7275
China Gansu, T.PWang 6979
China Gansu, Tsi-Tang Li198
China Hebei: Tuoliang, TL006
China Hebei: Tuoliang, TL008
China Hebei: Tuoliang, TL023
China Hebei: Tuoliang, TL007
China Beijing: Donglingshan, C. Wang, 50611006
China: Eastern Gansu, G. H. Potani, 1885
China Gansu: Tanggulashan, N. M. Przewalski, 1872
China Hebei: Xiaowutaishan, 62079 CC. W. Wang
China Gansu: 1879, N. M. Przewalski #s.n.(syntype of C. tangutorum)
China Gansu: 1880, N. M. Przewalski #s.n.(syntype of C. tangutorum)
C.macrophylla Willd.
China Chongging, Chengkou, G212 Road, zhang698
China Sichuan, Aba, zhang801
China Sichuan: Bazhong, GSL2075050209
China Hunan, longshan, Bamianshan, zhang667
China Hubei, Yanzi Zhen, zhang676
China Yunnan, T.T.yu 9780
China Sichuan, S.X, Yu, Y.T.Hou, X.X.Zhang, Y.M.Zhao, 4812
China Sichuan, K.Y.Lang, L.Q.Lij, Y.Li, 1917
China Sichuan: Batang, K.Y.Lang, L.Q.Li, Y.Li, 2471
China Sichuan: Nanping, K.Y.Lang, L.Q.Li, Y.Li, 1608
China Hebei: Xilingshan, J.X.Duan, 239
China Shanxi: Nuanshuihe, Shanxi Investigation Team, 530
China Shanxi: Shiziping, Shanxi Investigation Team, 592
China Shanxi: Yuwu, J.M.Liu, 1662
China Henan: Neixiang, D.E.Boufford,C.Y.Xi,T.S.Ying etc.26303
China Hubei: Shennongjia, Hubei Shennongjia Planting Research Team, 10006
China Anhui: Yuexi, X.L.Liu, 492
China Hunan: Sangzhi, B. Zhang & X. Xiang, 090425022
China Sichuan: Kangding, Chuanxi Team, K.J.Guan, W.C.Wang etc,772
China Sichuan: Kangding, Chuanxi Team, K.J.Guan, W.C.Wang etc,387
China Sichuan: Kangding, Y.T.Zhang & K.Y.Lang, 37
China Sichuan: Ganzi, Xizang Team, 73-03
China Sichuan: Ganzi, Y.T.Zhang & K.Y.Lang, 121
China Sichuan, E.H.Li,Y.F.Han, J.G.Liao, Y. Hu, H82-335
China Sichuan: Muli, Qingzang Team, 13042
China Sichuan: Xiangcheng, Qingzang Team & Hengduanshan Team, 003712
China Sichuan: Yanyuan, Qingzang Team, 12344
China Sichuan: Maerkang, X. Li, 70477
China Sichuan: Jiulong, Z.X.Tang, X.W.Tian, Q.G.Sun, 245

NCBI (Table 7), including 23 species of Cardamine L.and 2 species, Rorippa
sylvestris (L.) Besser, Rorippa indica (L.) Hiern as outgroup. The annotated se-
quences were imported into PhyloSuite (Zhang et al. 2020), the Mafft module
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Table 2. List of morphological characters and their acronyms used in analyses.

Acronym Description of character
Scaly* Presence of scales on rhizome (with 1/without 0)
RW Rhizome diameter
Ccw Mid-stem diameter
H* Height of stem
LH* Height of the location of lowest stem leaves
No. SL* Number of stem leaves
No. MLL* Number of lateral leaflets on mid-stem leaves
LTL* Length of the terminal leaflet on mid-stem leaves
WTL Width of the terminal leaflet on mid-stem leaves
DL* Length of the uppermost leaflet’s lower edge on mid-stem leaves
Ratio
LH/H*LTL/WTL*RW/CW*

was used for sequence alignment (Katoh et al. 2019), and the ModelFinder
module was used to calculate the nucleotide substitution model for the aligned
sequences. The maximum likelihood (ML) tree was constructed using IQ-TREE
(Minh et al. 2020), with the nucleotide substitution model set to GTR+R3+F and
a standard bootstrap value of 1000.

Flow cytometric measurements and estimation of DNA ploidy levels

Methods referring to Marhold et al. (2010) and Kobrlova and Hrones (2019) mea-
sured the nuclear DNA content using flow cytometry. Inferred the DNA ploidy
levels within the studied populations based on Cardamine L.species with known
ploidy. The relative nuclear DNA content was determined using Pl, a DNA interca-
lating fluorescent dye, with arbitrary units (a.u.) as the unit of measurement. The
buffer solution used was LB01. Dehydrated leaves, preserved by drying at 40 °C
for 18-24 months, were used for the determination of chromosome ploidy. The
sample sources and voucher specimens are presented in Table 3. In a pre-cooled
culture dish, 1-2 mL of LBO1 buffer solution and 2 cm? of dry leaves were added.
After rapid chopping, the mixture was filtered through a 400-mesh gauze, centri-
fuged at 4 °C, 3000 rpm for 10 minutes, and the supernatant was discarded. The
pellet was re-suspended in 600 pL of LBO1 buffer solution, followed by the addi-
tion of 100 pL of PI solution (50 pg/mL), and stained in the dark for 15 minutes.
Ploidy level of the stained cell suspension was determined by flow cytometry
(ACEA NovoCyte 3130). Using 488 nm blue light excitation, 10,000 cells were
collected at a time. The other samples were determined under the same voltage
bar using C. scutata (2n = 4x = 32) as the reference for tetraploid.

Result
Principal component analysis results

Using SPSS software, a cluster analysis was conducted on the standardized
data matrix, resulting in a character correlation matrix as shown in Table 4. The
cluster analysis results indicate that none of the Pearson correlation coefficients
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Table 3. List of taxa and sample sites used in flow cytometric measurements.

Taxa Voucher information
C. tangutorum BNU2023WLH077
BNU2022xz
BNU2023ZJK26
BNU2022HLG 002
C. macrophylla BNU2022YNO70
BNU2022YNO004
BNU2022mcs006
BNU2022em002

Table 4. Correlation of morphological characters between C. macrophylla and C. tang-

utorum.

H LHH No.SL No.MLL LTL LTL/WTL DL RW/CW  SCALY
H - -0.16  0.209  0.402 0.597 0.209 0.509 0.295 0.037
LHH - -0.653 -0.136 -0.161 0 -0.08 -0.05 0.041
No. SL - 0.114  0.162 0.171 0.201 0.049 -0.052
No. MLL - 0.298 0.093 0.312 0.16 0.002
LTL - 0.267 0.753 0.431 0.271
LTL/WTL - 0.325 0.102 -0.03
DL - 0.37 0.045
RW/CW - 0.119
SCALY -

between each pair of characters reached 0.8. The highest correlation was be-
tween the length of the apical leaflet of the stem leaves and the downwards ex-
tension length of the first pair of lateral leaflets, with a coefficient of 0.753. Thus,
no significant correlations were observed among other traits, allowing all traits to
be retained for subsequent multivariate principal component analysis.

Principal component analysis (PCA) was performed on the standardized data
matrix using PAST software, and the contribution values of each principal compo-
nent (PC) are shown in Table 5. The cumulative contribution of the first four prin-
cipal components was 77.658%, indicating successful dimensionality reduction,
making PCA suitable for this study. Based on previously identified results, the data
was grouped and incorporated into the standardized data matrix, as shownin Fig. 3.

Based on the results of the PCA, the distribution ranges of C. macrophylla
and C. tangutorum along the PC3 and PC2 axes are essentially identical. Along
the PC1 axis, the two species exhibit a clear continuous transitional distribu-
tion, with significant overlap in their primary distribution ranges and their core
distribution areas also show substantial overlap. In PC1, characteristics with
larger contributions include the length of the downwards extension of the up-
permost lateral leaflets of the stem leaves, the length of the apical leaflets of
the stem leaves, and plant height. In PC2, the characteristic with the largest
contribution is the position of leaf attachment. For PC3, the characteristics with
the highest contributions are the leaf length-to-width ratio and the number of
lateral leaflets on the stem leaves. Box plots of these high-contributing traits, as
shown in Fig. 4, indicate that the distribution ranges of all these high-contribut-
ing characteristics also demonstrate significant overlap.
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Figure 2. Holotype specimen of Cardamine macrophylla.
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Table 5. Contribution Values of Each Principal Component.

Principal component (PC) Eigenvalue Proportion (%) Cumulative (%)
PC1 2.938 36.615 36.615
PC2 1.511 18.828 55.443
PC3 0.956 11.919 67.362
PC4 0.826 10.296 77.658
PC5 0.601 7.493 85.151
PC6 0.475 5.917 91.067
PC7 0.351 4.368 95.435
PC8 0.244 3.0354 98.471
PC9 0.123 1.5291 100.000
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Figure 4. Box Plots of Traits with High Principal Component Contributions.

Molecular phylogenetic study

The chloroplast genome tree is illustrated in Fig. 5, with bootstrap support (BS)
values indicated below the branches. The Cardamine L. species selected for
this study form a well-supported monophyletic group, divided into three dis-
tinct clades. C. tangutorum is nested within the monophyletic group formed
by C. macrophylla, both clustering together in clade 3. Besides C. macrophylla
and C. tangutorum, morphologically similar species such as C. leucantha and
C. fragarifolia were included in constructing the phylogenetic tree.C. leucantha
clusters with C. impatiens at the base of clade 3. C. leucantha forms a mono-
phyletic group with C. glanduligera, positioned within clade 3.

Flow cytometric measurements and estimations of relative DNA content

The relative DNA content between different populations of C. macrophylla and
C. tangutorum was calculated using 12-to 24-month-old specimens. The results
showed that for all the populations measured in this study, the coefficient of
variation ranged from 0.49% to 6.89%, as shown in the Table 6, indicating that
the results were credible and that the relative DNA content of C. macrophylla
and C. tangutorum was stable within the populations. The relative DNA content
of C. macrophylla and C. tangutorum is shown below; the relative DNA content
of C. macrophylla and C. tangutorum varies greatly among populations, but the
distribution range at the species level is basically the same (shown in Fig. 6).
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Table 6. Relative genome sizes obtained for C.macrophylla, C. tangutorum.

Taxa
C. tangutorum
C. tangutorum
C. tangutorum
C. macrophylla
C. macrophylla
C. macrophylla
C. macrophylla

C. tangutorum

Discussion

Voucher information | Relative genome size in a.u. (arbitrary units) = Variation (%)

BNU2023WLHO077
BNU2022xz
BNU2023ZJK26
BNU2022YNOQ70
BNU2022YNO004
BNU2022mcs006
BNU2022em002
BNU2022HLG 002

1.316 1.89%
1.018 6.49%
1.415 6.13%
1.440 3.10%
0.888 6.02%
1.333 4.33%
0.985 5.45%
1.426 0.49%

Taxonomic status of C. tangutorum

Through morphological analysis of 46 populations, it was found that the distin-
guishing features between C. macrophylla and C. tangutorum significantly overlap.
The decurrence in leaflets of C. macrophylla and C. tangutorum significantly over-
laps in their distribution ranges. Generally, the decurrence in leaflets of C. macro-
phylla tends to be longer. However, some populations, such as Qingzang Expedi-
tion 12344 and T.T.yu 9780, exhibit nearly no decurrence in leaflets. Other related
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Table 7. Taxa in phylogenetic analyses from GenBank.

GenBank accession numbers
NC026446
MT136871
MK637691
NC036964
NC036963
Mz043777
MF405340
MZ846206
MK637684
NC026445
ON322745
MK637681
MN651504
MK637680
MZ043778
NC049605
0L634846
NC049603
MN651509
MZ043776
NC036962
NC060863
KJ136821
NC069649
NC065833

:\Q C. macrophylla

- C. tangutorum

0y

ez ZM2%6

Species name
C. resedifolia
C. quinquefolia
C. pentaphyllos
C. parviflora
C. oligosperma
C. occulta
C. macrophylla
C. lyrata
C. kitaibelii
C. impatiens

C. hupingshanensis

C. hirsuta
C. heptaphylla
C. glanduligera
C. fallax
C. enneaphyllos
C. circaeoides
C. bulbifera
C. bipinnata
C. amariformis
C. amara
C. abchasica
C. impatiens
Rorippa sylvestris
Rorippa indica

species within the genus, such as C. lyrata and C. occulta, exhibit continuous vari-
ability in decurrence in leaflets, making this trait unsuitable as a basis for species
differentiation. The position of stem leaves is also a significant distinguishing fea-
ture in FRPS (Zhou. et al. 1987), but as shown in the boxplot, the lower stem leaf po-
sitions of both C. macrophylla and C. tangutorum are essentially the same, located
in the upper part of the plant, cannot be used for distinguishing.

Previously, when C. tangutorum was described, Schulz cited many collections
as syntype specimens. Comparing the syntype specimens of C. tangutorum with
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the holotype specimens of C. macrophylla, decurrence in leaflets cannot be ob-
served at the leaflet bases in C. macrophylla holotypes. Furthermore, significant
variations in leaf length-width ratios, sizes, and positions were observed between
different isotype specimens of C. tangutorum (as shown in Fig. 1).

Upon examining the extant specimens of C. macrophylla and C. tangutorum in
herbariums, we found that for both species, individuals with slender whip-like rhi-
zomes have grooves on the rhizome surface but lack significant scales. However,
some grayish-white triangular scales or leftover marks after their detachment were
commonly present at the bases of leaf buds and branch buds (as shown in Fig. 7).

Considering that both C. macrophylla and C. tangutorum are perennial her-
baceous plants with persistent rhizomes, these scaly appendages should be
regarded as bud scales. In individuals with significantly fleshy rhizomes, these
scales on the rhizome surface are less prominent. The presence or absence of
scales on rhizomes, as emphasized in Schulz’s classification system, was con-
sidered an important criterion for subgroup classification. In Schulz’s system,
a key feature of the Cardamine L. group is the prominent scales on rhizomes,
whereas the macrophylla group lacks them. However, in The Families and Gen-
era of Angiosperms in China it was suggested that the two groups in China
should be merged, negating Schulz’s classification viewpoint (Wu et al. 2003).
Examining the specimens, it is evident that the prominence of rhizome scales is
affected by the plant’s age and the degree of rhizome fleshiness and does not
serve as a basis for species differentiation. The quantitative taxonomy results
indicate that none of the traditional differentiating traits effectively distinguish
C. macrophylla from C. tangutorum. C. macrophylla shows significant morpho-
logical variability, within which C. tangutorum should be included.

Some species of Cardamine L., such as C. yezoensis, C. pratensis, etc.,
have variation in ploidy and relative DNA content within species (Marhold et
al. 2010). The results of flow cytometry showed that the relative DNA content
of C. macrophylla and C. tangutorum was stable within populations, but there
was great variation among populations, showing polymorphism of ploidy and
relative DNA content. However, the distribution range of DNA content of C. mac-
rophylla and C. tangutorum were basically the same, which supported the com-
bination of C. macrophylla and C. tangutorum.

Multiple populations of C. macrophylla and C. tangutorum were selected for
the molecular phylogenetic study. The results indicate that both species share
a high similarity in chloroplast genomes, with C. tangutorum nested within the
monophyletic clade of C. macrophylla. This suggests close phylogenetic rela-
tionships at the molecular level, making it inappropriate to treat them as distinct
species. C. leucantha and C. fragarifolia, with similar leaflet morphology to both
C. macrophylla and C. tangutorum, all with long lanceolate leaflets and cuneate
bases, are positioned within clade 3 in the molecular phylogenetic tree. This pos-
sibly suggests the single evolutionary origin of these morphological characters.

Combining molecular phylogenetic, cytological and morphological studies, it
is concluded that the morphological range of C. macrophylla and C. tangutorum
significantly overlaps, making them difficult to distinguish. Their molecular phy-
logenetic positions are nested within the same monophyletic group, rendering
them indistinct. Considering the common species distributed, C. macrophylla
and C. tangutorum should be treated as a single species, and C. tangutorum
should be treated as a synonym of C. macrophylla.
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Figure 7. Rhizomes of C. tangutorum and C. macrophylla (A, B C. tangutorum C—F C. macrophylla). Scale bar: 1 cm.

Taxonomic treatment

Cardamine macrophylla Willd., Sp. PI. 3 (1): 484. 1800.

=Cardamine macrophylla var. crenata Trautv., Trudy Imp. S.-Peterburgsk. Bot.
Sada 5(1): 18.1877.

=Cardamine macrophylla var. dentariifolia Hook. f.& T. Anderson Fl. Brit. India
[J. D. Hooker] 1 (1): 139 (1872). Type (designated by (Marhold et al. 2015)):
India, Himal.Bor.Occ., Thomson, T. s.n., (K0O00397478!)

=Cardamine macrophylla var. diplodonta T.Y. Cheo, Bull. Bot. Lab. N.-E. Forest.
Inst., Harbin 6: 20. 1980.

=Cardamine foliosa Wall.,[Numer. List: 4779. 1831. nom. nud.]

=Cardamine macrophylla var. foliosa Hook. f.& T. Anderson FI. Brit. India [J. D.
Hooker] 1 (1): 139 (1872). Type(designated by (Marhold et al. 2015)): India,
Kumaon, Wallich, Cat.Wall.4779 (K000247365!, P00747537!,B_10_0241370!,
B_10_0241369!, GH00549127!).

=Cardamine macrophylla var. lobata Hook. f.& T. Anderson, Fl. Brit. India [J. D.
Hooker] 1 (1): 139 (1872). Type(designated by (Marhold et al. 2015)): [INDIA]
[Label 1]: “marshy meadows, Nira Zanskar, 12,900 ft, 2 July 1849 [?]”, [Label
2]: “Hab. Himal. Bor. Occ., W. Tibet, Regio Temp., Alt. 12,900 ft, T. T. [T. Thom-
son] s.n.” (KO00397477).

=Cardamine macrophylla var. moupinensis Franch., Pl. David. 2: 18. 1888.
Type(designated by (Marhold et al. 2015)): [CHINA], [Label 1 (handwritten)]:
“Moupin, Thibet oriental, lieux frais en montagne, Avril 1869”, [Label 2 (print-
ed)] “Chine (Thibet Oriental), Province de Moupin, 1870 [sic!], David s.n.”
(P00747519, Isolectotype: P00747518).

=Cardamine macrophylla var. sikkimensis Hook. f.& T. Anderson Fl. Brit. In-
dia [J. D. Hooker] 1 (1): 139 (1872). Type (designed by (Marhold et al.

PhytoKeys 255: 123-141 (2025), DOI: 10.3897/phytokeys.255.146179 136



Jia-lu Li et al.: Cardamine tangutorum, a new synonym of Cardamine macrophylla

2015)): India, Sikkim Lachung, 03 September 1849, Hooker, J.D. s.n.
(K000397479!, isolectotype: K000397480!, K000397481!, GH00549128!)
=Cardamine polyphylla D. Don not O. E. Schulz, Prodr. Fl. Nepal.: 201. 1825.

=Cardamine sachalinensis Miyabe & T. Miyake, Fl. Saghalin No. 58, t. 3, fig.
1-3,1915.

=Cardamine sino-manshurica Kitag., Rep. Inst. Sci. Res. Manchoukuo 4:
111, 1940.

=Dentaria sino-manshurica Kitag.Rep. Inst. Sci. Res. Manchoukuo 4: 111, 1940.

=Cardamine urbaniana O.E. Schulz, Bot. Jahrb. Syst. 32 (2-3): 396. 1903.

Syntype: China, Sichuan, 1885-1888, A. Henry 5635 (B 10 0241328!); China,
Shaanxi, Huangcaoping County, 20 June 1894, G. Giraldi 447 (B 10 0241329!)

=Dentaria gmelinii Tausch, Flora 19 (2): 402, 1836.

=Dentaria macrophylla Bunge ex Maxim., Prim. FI. Amur. 45, 1859.

=Dentaria wallichii G. Don, Gen. Hist. 1: 172, 1831.

=Dentaria willdenowii Tausch, Flora 19 (2): 403, 1836.

=Cardamine tangutorum O.E. Schulz, Bot. Jahrb. Syst. 32 (2-3): 360. 1903.

Holotype. RussiA, Northern Sibiria, Mangezeya, at the mouth of Taz River (B-
W11970-030!)

Syntype. CHINA, Gansu, Terra Tangurorum, N. M. Przewalski No. 1872
(LE01014556!); China, Gansu, Terra Tangurorum, N. M. Przewalski No. 1873
(K000697742"); China, Gansu, Terra Tangurorum, N. M. Przewalski No. 1880
(LEO1014557"); China, Gansu, orient, G. N. Potanin 1885 (LE01014555!,
LE01014558!); China, Sichuan, “Tsakulao”,1891, A. v. Rosthorn 2583., (B
10 0241334!); China, Shaanxi, Baoji County, Mountain Miaowangshan,
1899, J. Giraldi No. 3379; China, Hebei, Mountain Xiaowutaishan, 1879,
0. V. Méllendorff s. n.

Habitat. Often in shady areas under forests, along ditches or in subalpine
meadows.

Distribution. Widely distributed in Siberia, Mongolia, Himalayas, North China,
Northeast China, Central China, Hengduan Mountains.

Phenological period. Flowering from May to July, fruit from June to September.

Description. Perennial herbs, 30 cm-70 cm tall, up to 1T m. Rhizomes
creeping, sometimes tuberous; basal leaves pinnate, pedicled on creeping
rhizomes, terminal leaflet long ovate to lanceolate, margin toothed, lateral
leaflet similar to terminal leaflet. Cauline leaves are similar to basal leaves
but slightly smaller, mostly in the middle and upper parts of the plant. Flow-
ers lilac to purplish red, calyx margins white membranous, petals with long
claws; the seeds are oblong. This species showed high diversity in the size
of leaflets and morphology of leaf margins.

Specimens examined. - Sichuan Province: Yajiang County, Mountain Kazi-
la, 08 September 2011, He et al. SCU-11-360, (KUN1235449!, KUN1235450!);
Kangding County, He et al. SCU-080340, (KUN1235446!); - Yunnan Province:
Shangri-La County, 24 July 2014, Guo et al. 14CS9432, (KUN1321027!); « Hei-
longjiang Province: Jinshantun County, Huilongwan National Forrest Park,
Hou et al. 389, (QFNU0006577!, QFNU0006578!); - Hebei: Donggou Temple,
16 May 1951, Wencai Wang 2122, (PE 01004424!, PE 01004426!); Xiaow-
utai Mountain, Tielin Temple, 29 July 1906, Y. Yabe s.n., (NAS00326894!,
NAS00326895!) + Shanxi Province: Mountain Guandishan, 23 June 1959,
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Sai Ma 15030, (WUK0321706!, WUK0324493!); Wutaishan Mountain, 17
July 1907, Y. Yabe s. n., (NAS00326872); Lingchuan County, Fenghuang Val-
ley, 14 April 2014, Kong et al. k0087, (SD00018202!, SD00016344!) - Tibet
Province: Mangkang County, 318 Road, 20 July 2008, Zhang et al. SunH-
07ZX-0503 (KUN1300753!, KUN1300754!, KUN1300755!); Yadong County,
Naiduila Mountain, 23 August 2013, Y.S.Chen et al.13-1966, (PE02000587!,
PE02000588!); Dingging County, 22 July 2016, Shuai Li et al. 20167324,
(BNU0030842!); - Gansu Province: Tan County, Mountain Lougu, 15 June
1956, Huanghe Exped 4911, (WUK0085438!); Zhuoni County, Chebagou Val-
ley, Yin et al. LiuJQ-GN-2011-128, (KUN1235443!); Maqu County, Xiuma, 03
September 2008, Li et al. LiJ0061, (KUN1235442!); Maqu County, Langmu
Temple, 01 June 1999, Bailong River Exped 1589, (PE01556040!); Lianhua
Mountain, 13 May 2002, Xuegang Sun 2741, (PE01998146!); Linxia County,
Dalijia Mountain, 28 July 1988, Ji Ma 88090, (NAS00326893!, NAS00326896!,
NAS00326897!); - Beijing: Baihua Mountain, August 1981, Anonymous 81-
0322, (BJFC00019955!, BJFC00019954!, BJFC00019953!); Baihua Moun-
tain, June 1990, D. D. Lu et al. 272, (BJFC00019961!, BJFC00019960!,
BJFC00019959!, BJFC00019956!); Mentougou County, Lingshan Moun-
tain, 01 May 2009, G. M. Zhang 200923, (BJFC00066271!, BJFC00066273,
BJFC00066274!); - Shaanxi: Long County, 19 May 1983, Sujia River, J. X.
Yang 4207, (WUK0438580!, WUK0438581!); - Qinghai Province: Ledu County,
Qutan, 24 June 1970, Benzhao Gou 7198, (WUK0308377); Menyuan County,
26 July 2008, Yuhu Wu LJQ-QLS-2008-0743, (KUN1235444!, KUN1235445!);
Magin County, Dawu, 14 July 2014, Xiaoyu Wu, Xiaolei Zhang s.n.,QH2014006,
(BNU0020082!); Huzhu County, Beishan Foresty Centre, 13 July 1982, B. Z.
Gou 25521, (HNWP102005!); Guide County, Laji Mountain, 20 June 1992, R.
F. Huang 3710, (HNWP169550!, HNWP169551!); - Mongolia: 17 August 1979,
ly6aHos 7845, (MW0179858!, MW0179859!);17 August 1979, ly6aHos 7830,
(MW0179855!, MW0179856!); 14 August 1979, [y6aHoB 7704, (MW0179853!,
MWO0179854!); 9 August 1979, ly6aHos 7610,(MW0179857!, MW0179863!);
* Russia, Altai & Sayany Mountains: 9 July 1984, Tpunb 4493, (MW0081495!);
27 July 1983, Layno 20719, (MW0081478!); 17 July 1984, CoHHukoBa 1535,
(MW0081469!);18 June 1983, CoHHukoBa 1532, (MWO0081472!); 1 Au-
gust 1982, CoHHnkoBa 1529, (MW0081468!); 8 August 1979, YxuHa 1518,
(MW0081474!); 25 June 1978, YxnHa 1515, (MW0081471!); 13 June 1988,
Layno 30, (MW0081475!, MW0081494!); - Russian Far East: 16 August
1990, Wrpuk 90-569, (MWO0081357!, MWO0081364!); 23 August 1990, LLITpuk
90-449, (MW0081358!, MW0081372!); 8 August 1990, bopucos 90-789,
(MW0081369!); 28 July 1988, KemHuL 88-238, (MW0081367!); 25 July 1998,
KemHuuy 88-222, (MW0081366!); + Central Siberia: 23 July 1977, KyBaes
85,(MW0081457!) - Baikal & Transbaikal region: 9, August 1929, Hazapos
12.879, (MWO0081409!); 7 July 1929, Haszapos 12.118, (MW0081404!)
+ Kazakhstan, Western Altai Mountains: 27, August, 1932, BopoHoB 720,
(MW0081463!); 18 July 1930, CmupHos 173, (MW0081461!, MW0081462!).
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Abstract

This is the third paper in a series dedicated to updating the knowledge of the Viet-
namese pteridophyte flora. Based on recent collections, we first reported three new
national records of ferns: Haplopteris yakushimensis, Lindsaea kohkongensis, and
Pteris pseudowulaiensis. Secondly, we conducted phylogenetic analyses to investi-
gate the placements of Lindsaea kohkongensis and Leptochilus poilanei, each based
on three plastid DNA markers. Our results revealed that Lindsaea kohkongensis is sis-
ter to L. ensifolia, while Leptochilus poilanei is embedded within L. cantoniensis. We
discussed these results in the context of systematics. Lastly, we reported chromo-
some numbers for 20 fern species in Vietnam. For seven of these species, including
Gymnosphaera salletii, Lepisorus spicatus, Leptochilus poilanei, Pteridrys costularis,
Pteris latipinna, Pyrrosia eberhardtii, and Tectaria setulosa, these counts were record-
ed for the first time. Additionally, three new cytotypes were identified for Diplazium
doederleinii, Pteris esquirolii, and Tectaria harlandii. This study underscores the need
for more diverse data, including DNA sequences, chromosome numbers, and repro-
ductive modes, to be collected and integrated into systematic studies and taxonomic
treatments to enhance our understanding of Vietnam'’s pteridophyte flora.

Key words: Chromosome number, cytology, Indochina, new records, phylogeny

Introduction

This marks the third paper in our series on Vietnam’s pterido-flora (Chen et al.
2021; 2023). This series of studies aims to provide updated knowledge of the
country’s pteridophyte flora, based on recent expeditions as well as the studies
of herbarium specimens and relevant literature. Here, we reported three new
additions to Vietnam’s flora: Haplopteris yakushimensis C.W.Chen & Ebihara
(Fig. 1), Lindsaea kohkongensis |.C.Hwang, M.0.Moon & B.Y.Sun (Fig. 2), and
Pteris pseudowulaiensis Y.S.Chao (Fig. 3) based on our new collections.
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Figure 1. Haplopteris yakushimensis C.W.Chen & Ebihara (Chen Wade6952) A habit B rhizome scales C adaxial lamina
D abaxial lamina E stipes F gametophytes. Photographed by C.-W. Chen.

Additionally, we performed phylogenetic analyses to elucidate the placements
of Lindsaea kohkongensis (Fig. 2) and Leptochilus poilanei (C.Chr. & Tardieu) Li-
ang Zhang & Li Bing Zhang (Fig. 4). In 2018, we collected an unknown Lindsaea
specimen from Phu Quoc Island of southern Vietnam. This specimen closely
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Figure 2. Lindsaea kohkongensis |.C.Hwang, M.0.Moon & B.Y.Sun (Chen Wade5034) A habit B rhizome C adaxial lamina
D abaxial lamina E venation F rhizome scales. Photographed by C.-W. Chen.

resembles L. ensifolia Sw. but being much smaller and with an unusual subaquat-
ic habit. Specimens from Cambodia and Malaysia with the same morphology
had recently been described as Lindsaea kohkongensis (Yun et al. 2023) but with-
out molecular data. Here, we conducted a phylogenetic analysis to test whether
L. kohkongensis is a distinct species or an eco-form of L. ensifolia.
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Figure 3. Comparison of Pteris pseudowulaiensis C.M.Kuo (A, B, C, Chao 3509 and 3517) and P. oshimensis Hieron. (D,
Bon 4758) A habit B lamina (backlight) C specimen D specimen, CC BY © The Trustees of the Natural History Museum,
London. Photographed by C.-W. Chen and Y.-S. Chao.

Leptochilus poilanei was described by Christensen and Tardieu-Blot (1939) un-
der the genus Colysis (= Leptochilus), based on specimens collected from Annam,
which is now part of central Vietnam. Following its initial description, the species
remained largely unstudied until Zhang et al. (2018) reclassified it under Leptochi-
lus. To our knowledge, this species is only known from its type collection, and our
new collection (Fig. 4) from Nui Chua National Park represents the second collec-
tion of this species. It can be readily distinguished from other congeneric species
in Vietnam by its strongly dimorphic fronds: fertile fronds are mostly linear and
simple (rarely tripartite), while sterile ones are simple to pinnatifid.
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Figure 4. Leptochilus poilanei (C.Chr. & Tardieu) Liang Zhang & Li Bing Zhang (Chen Wade6804) A habitat B habit C rhi-
zome scales D sterile frond E fertile frond F cross section of rhizome. Photographed by C.-W. Chen.

Lastly, we presented new chromosome counts of Viethamese fern species
and explored the implications of our findings in the context of systematics.
Chromosome numbers have long been recognized as important information
in plant systematics (Rice et al. 2015). This significance is particularly pro-
nounced for ferns, as they exhibit the highest frequency of polyploid speciation
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among vascular plants (Wood et al. 2009). Despite the importance of chro-
mosome number data, research on Vietnamese ferns in this regard has been
limited. To date, no systematic survey has been conducted. Instead, available
data remains sporadic and dispersed throughout various articles, often in the
context of new species’ descriptions (e.g., Chen et al. 2023), new species re-
cords (e.g., Ding et al. 2013), or cytological studies focused on specific taxa,
including specimens collected from Vietnam (e.g., Nayak and Singh 1989). By
reporting the chromosome numbers of Vietnamese fern species and demon-
strating how these data can be integrated into systematic studies, we aim to
raise awareness of chromosome studies among local botanists, thereby en-
couraging further related research in the future.

Materials and methods
Specimen identification and distribution

We conducted field expeditions in Bidoup Nui-Ba National Park, Cuc Phuong Na-
tional Park, Phia Oac-Phia Den National Park, Phu Quoc National park, and Nui
Chua National Park during 2018-2023. To ensure the correct identifications of
our newly collected specimens, we compared them with herbarium specimens,
relevant literature, including published papers, checklist, and flora from neigh-
boring countries (see notes under each species), and original protologues and
types through the Biodiversity Heritage Library (https://www.biodiversitylibrary.
org/) and JSTOR Global Plants (https://plants.jstor.org/). To confirm the known
distribution of each species, we searched the names against World Ferns (Has-
sler 1994-2024) and GBIF (https://www.gbif.org/) and manually examined the
available specimen images.

Cytological observations

To determine chromosome numbers, root tips were collected either from
the field or transplanted plants in greenhouses. These root tips were treated
with a 1:1 mixture of hydroxyquinoline and cycloheximide (Sigma-Aldrich,
USA) for approximately 16 hours at 18 °C. Following this, the root tips were
fixed in a 3:1 mixture of 95% ethanol and 45% acetic acid for about 12 hours
at room temperature. Subsequently, the root tips were macerated using
a 1:1 mixture of cellulase (Yakult, Japan) and pectolyase (Sigma-Aldrich,
USA) for 1 hour at 37 °C. Finally, the treated root tips were squashed in
2% acetocarmine and observed under a microscope (Zeiss Axio Imager A1,
Germany). To determine the ploidy of our observed chromosome numbers,
we consulted two online databases, Chromosome Counts Database (CCDB,
Rice et al. 2015) and Index to Plant Chromosome Numbers (IPCN, Goldblatt
and Lowry 2011), and considered the lowest sporophytic counts known for
a genus as the diploid.

Furthermore, we counted the spore numbers per sporangium and observed
the spore shape regularity to determine the reproductive modes whenever pos-
sible. We also compared the spore sizes of Leptochilus cantoniensis (Baker)
Ching and L. poilanei by measuring 30 spores from each species.
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Molecular phylogenetic analysis

To elucidate the phylogenetic placement of Lindsaea kohkongensis and Lep-
tochilus poilanei, we conducted two phylogenetic analyses each based on
three chloroplast markers including matK, trnH-psbA, and trnL-F for Lindsaea
and rbclL, rps4-trnS, and trnL-F for Leptochilus. These markers were chosen to
integrate our newly generated sequences into previous studies (Lehtonen et al.
2010; Zhang et al. 2019; Chen et al. 2020a; Fujiwara et al. 2023). We extracted
genomic DNA from fresh fronds using Qiagen DNeasy Plant Mini Kit (Hilden,
Germany), following the manufacturer’s protocol. We conducted PCR to ampli-
fy the five DNA markers using the primers listed in Table 1.

For Lindsaea, we included the sequences of 26 specimens as listed in Appendix
1: Table A1. Among these, the sequences of 14 specimens were downloaded from
GenBank. To test the monophyly of L. ensifolia, this sampling included 1) L. ensifo-
lia from a broad geographic range, including Bangladesh, Brunei, Cambodia, India,
Malaysia, Nepal, Solomon Islands, Thailand, and Vietnam; and 2) closely related
species identified by Lehtonen et al. (2010). For Leptochilus, in addition to our new-
ly sequenced L. poilanei, we download the sequences of another 21 specimens
from GenBank. In total, 22 specimens representing 19 species were included in the
phylogenetic analysis as listed in Appendix 1: Table A2. This sampling covered all
the major clades found in previous studies (Zhang et al. 2019; Chen et al. 2020a).

For our newly generated sequences, we first manually inspected raw reads,
removing any ambiguous bases using BioEdit (Hall 1999). Subsequently, we
aligned the sequences of each marker using MUSCLE (Edgar 2004) with de-
fault settings. These individual marker alignments were then concatenated
into a single alignment, because chloroplast genome is non-recombining and
therefore has a single evolutionary history. We then conducted maximum like-
lihood (ML) analyses using IQTREE (Minh et al. 2020) each with five partitions
(three codon positions for matK and rbcL, and rps4-trnS, trnH-psbA and trnL-F,
each treated as a single partition for simplification although they contain partly
coding regions). The best-fit model for each partition and the best-fit partition
scheme were determined by ModelFinder (Lanfear et al. 2012; Kalyaanamoor-
thy et al. 2017) as implemented in IQTREE (Minh et al. 2020). To assess branch
support, we performed 1000 ultrafast bootstrap replicates using UFBoot (Ho-
ang et al. 2018). The two concatenated alignments and the resulting phyloge-
netic trees are available on the Dryad Digital Repository (Chen et al. 2024).

Table 1. PCR Primers used in this study.

Region

matK
matK
rbeL

rbel
rps4-trnS
rps4-trnS
trnH-psbA
trnH-psbA
trnL-F
trnL-F

Sequence 5’ to 3’ Reference
FERN matK fEDR ATTCATTCRATRTTTTTATTTHTGGARGAYAGATT Kuo et al. 2011
DeLin matK rNRD CTACGCAAYSCATCYCGATTT Kuo et al. 2011
ATGTCACCACAAACAGAAAC Fay et al. 1997
TCACAAGCAGCAGCTAGTTCAGGACTC Wolf et al. 1999
ATGTCCCGTTATCGAGGACCT Nadot et al. 1995
TACCGAGGGTTCGAATC Smith and Cranfill 2002
CGCGCATGGTGGATTCACAATCC Tate and Simpson 2003
GTTATGCATGAACGTAATGCTC Sang et al. 1997
GGYAATCCTGAGCCAAATC Li et al. 2009
ATTTGAACTGGTGACACGAG Taberlet et al. 1991
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Results
Phylogenetic placement of Lindsaea kohkongensis

The concatenated three-marker alignment contains 1832 bp including 85 par-
simony informative sites and 39.2% missing data (17,973 bp). ModelFinder
merged all the five partitions into one alignment with the best-fit model identi-
fied as K3Pu+F+R2. The phylogram generated by the ML analysis based on the
concatenated alignment is shown in Fig. 5. The inferred species relationships
closely align with the phylogeny reconstructed by Lehtonen et al. (2010) al-
though the nodes are poorly supported in general. However, Lindsaea kohkon-
gensis is strongly supported as the sister group to a clade comprising all the L.
ensifolia specimens included in this analysis.

Phylogenetic placement of Leptochilus poilanei

The concatenated three-marker alignment contains 3331 bp including 248 parsi-
mony informative sites and 17.8% missing data (13077 bp). ModelFinder subset
the alignment into two partitions, the first including first and third codon position
of rbcL, and the second including the second codon position of rbcL along with

i Tapeinidium luzonicum

L. javanensis
100
L. heterophylla
#1 1. orbiculata

L. walkerae

L. blotiana

L. agatii
| 98
L. fraseri
L. media
L. oxyphylla
_|: L. madagascariensis
L % L. leptophylia
E”l— L. vieillardii

L. kohkongensi.

L. meifolia

L. ensifolia Kessler 13597 Malaysia

L. ensifolia Chen SITW5235 Solomon Islands

L. ensifolia Chen Wade1339 Vietnam

L. ensifolia Lu 15719 Thailand

L. ensifolia Chen Wade 1399 Vietnam
L. ensifolia Fraser-Jenkins FN29 Nepal
L. ensifolia Larsen 41363 Thailand
L. ensifolia Huang 1657 Cambodia

L. ensifolia Fraser-Jenkins FN36 India

003 suostition per ste L. ensifolia Lu 16172 Bangladesh
Figure 5. Phylogram of Lindsaea reconstructed from the maximum likelihood analysis
of the concatenated plastid dataset (matK, trnH-psbA, and trnL-F). The branch length to
the outgroup Tapeinidium is not to scale for better visualization. Support values below

80 are not shown on the nodes. L. kohkongensis is indicated in bold.
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rps4-trnS and trnL-F. The best-fit models determined for the two partitions were
TNe+l+G4 and K3Pu+F+R2, respectively. The phylogram generated by the ML anal-
ysis based on the concatenated alignment is shown in Fig. 6. The inferred species
relationships are similar to previous studies (Zhang et al. 2019; Chen et al. 2020a)
as expected, although poorly supported in general. Leptochilus poilanei is nested in
a highly supported clade containing three specimens of L. cantoniensis.

Both L. cantoniensis (based on Hsu 3399) and L. poilanei (based on Chen
Wade6804) produce 64 spores in each sporangium with normal morphology.
The spore size of L. cantoniensis and L. poilanei is 44.3 + 3.4 and 63.0 + 4.9 ym,
respectively. The spores of L. poilanei are significantly larger than those of
L. cantoniensis (t-test, p < 0.001).

Chromosome number of 20 species

We successfully counted the chromosome numbers of 20 species, each deter-
mined by multiple cells. Their chromosome numbers and ploidy levels inferred
from the known lowest base number are shown in Table 2. Figs 7—-13 illustrated
representative cells for all the 20 species. Among these, chromosome numbers
were recorded for the first time for seven species: Gymnosphaera salletii (Tar-
dieu & C.Chr.) S.Y.Dong, Lepisorus spicatus (L.f.) Li Wang, Leptochilus poilanei,
Pteridrys costularis Li Bing Zhang, Liang Zhang, N.T.Lu & X.M.Zhou, Pteris latip-
inna Y.S.Chao & W.L.Chiou, Pyrrosia eberhardtii (Christ) Ching, and Tectaria set-
ulosa (Baker) Holttum. Furthermore, we reported the new cytotypes for three
species: Diplazium doederleinii (Luerss.) Makino, Pteris esquirolii H.Christ, and
Tectaria harlandii (Hook.) C.M.Kuo.

L. macrophyllus

L. pteropus

L. pentaphylius
{ L. longipes
— L. pedunculatus
00 L. decurrens
100 L. axillaris
9% .
1 L. evrardii

L. heterophylia
L. henryi
L. oblongus
L. cantoniensis Dong172
L. cantoniensis Dong743
L.cantoniensis Kuo1701

%l L. poilanei
L. ellipticus

L. pothifolius

L. digitatus

L. wrightii

100

5| L. saxicola
92 L. dissimilialatus
0.02 substitution per site w0l [ flexilobus
Figure 6. Phylogram of Leptochilus reconstructed from the maximum likelihood analysis
of the concatenated plastid dataset (rbcL, rps4-trnS, and trnL-F). Support values below

80 are not shown on the nodes. L. poilanei is indicated in bold.
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Table 2. Plant materials used in this study for chromosome counting, their inferred ploidy, spores number in each spo-
rangium (s/s), and corresponding figures. Asterisks “*” indicate newly reported species. Hash marks “#” indicate newly

reported cytotypes. Em-dashes “—" indicate missing data.

Taxa Voucher Chromosome no. Ploidy s/s Figure
Asplenium normale D.Don Chen Wade5121 2n=72 2X 64 7A
Asplenium tenerum G.Forst. Chen Wade5342 2n =144 4x 64 7B
Ctenitis eatonii (Baker) Ching Chen Wade6815 2n =82 2x - 7C
Didymochlaena truncatula (Sw.) J.Sm Chen Wade5817 2n =82 2x 64 8A
Diplazium doederleinii (Luerss.) Makino# Chao 3524 2n =82 2x 64 8B
Diplazium donianum (Mett.) Tardieu Chen Wade6853 2n =123 3x - 8C
Grypothrix simplex (Hook.) S.E.Fawc. & A.R.Sm Chen Wade6879 2n =72 2x 64 9A
Gymnosphaera salletii (Tardieu & C.Chr.) S.Y.Dong* | Chen Wade6586 2n =138 2x 64 9B
Lepisorus spicatus (L.f.) Li Wang* Chen Wade6598 2n=70 2% - 9C
Leptochilus poilanei (C.Chr. & Tardieu) Liang Zhang = Chen Wade6804 2n =144 4x 64 10A
& Li Bing Zhang*
Pleocnemia winitii Holttum Chao 3534 2n =82 2x 64 10B
Polystichum biaristatum (Blume) T.Moore Chen Wade5070 2n =82 2% 64 10C
Pteridrys costularis Li Bing Zhang, Liang Zhang, Chen Wade6819 2n =82 2x - 11A
N.T.Lu & X.M.Zhou*
Pteris cadieri H.Christ Chen Wade5737, 2n =87 3x 32 11B,11C

Chao 3501

Pteris esquirolii H.Christ# Chao 3511 2n =58 2x 64 12A
Pteris latipinna Y.S.Chao & W.L.Chiou* Chao 3526 2n =58 2x 32 12B
Pteris pseudowulaiensis C.M.Kuo Chao 3515 2n =58 2x 32 12C
Pyrrosia eberhardtii (Christ) Ching* Chen Wade5607 2n=74 2x - 13A
Tectaria harlandii (Hook.) C.M.Kuo# Chen Wade6874 2n =80 2x - 13B
Tectaria setulosa (Baker) Holttum * Chen Wade6852 2n =80 2x 64 13C

Discussion
Systematic uniqueness of Lindsaea kohkongensis

When we collected this species from Phu Quoc island in 2018, we were hesitant
to describe it. Morphologically, it closely resembles L. ensifolia, leading us to
question if it might be an eco-form of the latter. In this study, we conducted a
phylogenetic analysis based on three chloroplast regions, sampling L. ensifolia
from a wide geographic distribution throughout Asia and the Pacific Islands.
The results indicate that L. kohkongensis is sister to L. ensifolia rather than be-
ing embedded within it (Fig. 6). On one hand, this suggests that L. kohkongen-
sis can be recognized as a distinct species based on the principle of monophy-
ly. On the other hand, it could also be classified within a broadly circumscribed
L. ensifolia. To our knowledge, L. ensifolia typically grows terrestrially in a di-
verse habitat from swampy forests, dipterocarp forests, to exposed grasslands
(Kramer 1971; personal observation). In contrast, L. kohkongensis is exclusive-
ly found in shaded valleys as lithophytes and is frequently submerged in water
(Yun et al. 2023; personal observation). This distinction suggests an ecological
speciation event that needs to be tested in the future.

While identifying our specimen from Phu Quoc island, we came across a rhe-
ophyte form of L. ensifolia described as L. ensifolia var. rheophila K.lwats from Su-
matra (Iwatsuki 1977). After examining the type materials deposited in KYO, we
concluded that this is the same species as L. kohkongensis and should be treated
as a synonym of it. As noted by Kramer (1967), L. ensifolia is one of the most
widespread and variable species of the genus. Apart from var. rheophila, few other
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Figure 7. Mitotic chromosomes with explanatory illustrations A Asplenium normale
(2n = 72) B Asplenium tenerum (2n = 144) C Ctenitis eatonii (2n = 82).

subspecies or varieties have been published, such as subsp. coriacea (Alderw.)
K.U.Kramer from Bornean swamp forests. Furthermore, ploidy variations (diploid,
triploid, and tetraploid) and different reproductive modes (sexual and apomixis)
have been observed in L. ensifolia (e.g., Lin et al. 1996). Although we here tenta-
tively recognize L. kohkongensis as a distinct species, the variability observed in
L. ensifolia underscores the need for a systematic study of this complex species.

Hybrid origin hypothesis of Leptochilus poilanei

Our phylogenetic analysis based on three plastid markers unambiguously resolves
L. poilanei within a clade that includes three specimens of L. cantoniensis (Fig. 6).
This result is unexpected, considering the clear morphological distinctions be-
tween these two species. Specifically, fully developed sterile fronds of L. poilanei
are pinnatifid, while those of L. cantoniensis remain consistently simple (Fig. 14).
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Our examination of the reproductive mode indicates that both species un-
dergo sexual reproduction, as evidenced by the production of 64 well-formed
spores in each sporangium. The mitotic chromosome count for L. poilanei is
2n = 144 (Fig. 10A), suggesting it is a tetraploid, given the base number of
the genus is x = 36 (Rice et al. 2015). Although the chromosome number of
L. cantoniensis is presently unknown, its spores are significantly smaller than
those of L. poilanei (44.3 £ 3.4 vs. 63.0 £ 4.9 ym). Considering the widely found
correlation between ploidy and spore size in ferns (Barrington et al. 1986), we
propose that L. cantoniensis is likely a diploid species.

Building on the evidence from our study, we propose that L. poilanei has a
hybrid origin. We suggest that L. poilanei originated from hybridization between
L. cantoniensis (as the maternal parent, considering chloroplast inheritance in
ferns, e.g., Gastony and Yatskievych 1992) and an unidentified diploid species,
followed by polyploidization. The close similarity in chloroplast DNA markers
between L. cantoniensis and L. poilanei suggests a relatively recent hybridiza-
tion event. This hypothesis gains further support from the overlapping distribu-
tion of L. cantoniensis and L. poilanei in central Vietnam. While the identity of
the other parent remains elusive, we anticipate it is likely a species with pinnat-
ifid fronds, given that L. poilanei exhibits this characteristic. Future studies em-
ploying bi-parentally inherited nuclear markers and comprehensive sampling of
the genus in Vietnam are essential to test our hypothesis.

New findings of chromosome number

In the following paragraphs, we discussed the systematic implications of our
new finding (i.e., new species counts or new cytotypes) species by species,
following alphabetical order.

Diplazium doederleinii (Luerss.) Makino—2n = 82, sexual diploid, Fig. 8B

Previous studies reported triploid (2n = 123) and tetraploid (2n = 164) speci-
mens from Japan (Takamiya et al. 2001). Our discovery of a diploid specimen
from Vietnam provides further support for the long-observed cytogeographic
pattern: diploids are typically found in warmer tropics, whereas polyploids are
prevalent in cooler temperate regions (e.g. Chang et al. 2013). As demonstrated
by Takamiya et al. (2001), there is a little genetic divergence between triploids
and tetraploids. Future studies could incorporate the newly discovered diploid
into genetic analyses to further investigate the origins of polyploids.

Gymnosphaera salletii (Tardieu & C.Chr.) S.Y.Dong—2n = 138, sexual diploid,
Fig. 9B

The first chromosome count reported for the species. This Vietnam endemic
species was recently reevaluated by Li et al. (2024), who described two new
species previously been misidentified as G. salletii. Gymnosphaera is predom-
inantly a paleotropical genus, comprising approximately 46 species (Dong
and Zuo 2018). All four previously reported species with chromosome counts
in the genus are diploid, namely G. capensis (L.f.) S.Y.Dong, G. gigantea (Wall.
ex Hook.) S.Y.Dong, G. khasyana (T.Moore ex Kuhn) Ching, and G. podophylla
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Figure 8. Mitotic chromosomes with explanatory illustrations A Didymochlaena truncat-
ula (2n = 82) B Diplazium doederleinii (2n = 82) C Diplazium donianum (2n = 123).

(Hook.) Copel. (Manton and Sledge 1954; Léve et al. 1977; Kato 1999). Notably,
there is a correlation between geographic distribution and the basic chromo-
some number: all Asian species exhibit x = 69, while African species have x = 70.

Lepisorus spicatus (L.f.) Li Wang—2n = 70, diploid, Fig. 9C

The first chromosome count reported for the species. Found across the paleo-
tropics, this species has often been confused with L. mucronatus (Fée) Li Wang.
Following Hovenkamp (1998), we identify the species by the presence of entire
rhizome scales with hyaline margins. Following Zhao et al. (2020), this species
belongs to section Belvisia (Mirb.) C.F. Zhao, R.Wei & X.C. Zhang, a small clade
comprising eight species (Hovenkamp and Franken 1993). Lepisorus mucronatus
is the only other species in this section with known chromosome numbers and has
been determined as tetraploid (2n = 140) from Australia (Tindale and Roy 2002).
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Figure 9. Mitotic chromosomes with explanatory illustrations A Grypothrix simplex (2n =
72) B Gymnosphaera salletii (2n = 138) C Lepisorus spicatus (2n = 70).

Leptochilus poilanei (C.Chr. & Tardieu) Liang Zhang & Li Bing Zhang—2n =
144, sexual tetraploid, Fig. 10A

As discussed in previous sections, we hypothesize that this Vietnam endemic
species originated from a hybridization between L. cantoniensis and an uniden-
tified diploid species, followed by polyploidization. Leptochilus is predominant-
ly a tropical Asian genus with approximately 51 species (Zhang et al. 2024).
Prior to this study, chromosome numbers were known for only four species in-
cluding: L. axillaris (Cav.) Kaulf., L. decurrens Blume, L. ellipticus (Thunb.) Noot.,
and L. pothifolius (Buch.-Ham. ex D.Don) Fraser-Jenk. (e.g., Mitui 1968; Love et
al. 1977; Manickam and Irudayaraj 1989). Among these four species, L. decur-
rens is the only one reported to exist in both diploids and tetraploids, while the
other three species are known only as diploids.
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Figure 10. Mitotic chromosomes with explanatory illustrations A Leptochilus poilanei
(2n = 144) B Pleocnemia winitii (2n = 82) C Polystichum biaristatum (2n = 82).

Pteridrys costularis Li Bing Zhang, Liang Zhang, N.T.Lu & X.M.Zhou—2n = 82,
diploid, Fig. 11A

The first chromosome count reported for the species. Pteridrys is a tropical
Asian genus with ca. 22 species, and 11 of them are recorded in Vietnam (Zhou
and Zhang 2019). So far, all the four species (the other three are P. australis
Ching ex C.Chr. & Ching, P. cnemidaria (Christ) C.Chr.et.Ching, and P. syrmatica
(Willd.) C.Chr. & Ching) with reported chromosome numbers are diploids (Man-
ton 1954; Tsai and Shieh 1985; Bidin and Go 1995).

Pteris esquirolii H.Christ—2n = 58, sexual diploid, Fig. 12A

This species is reported from southern China, Taiwan, and Vietnam (Chao
2019). Prior to this study, the only reported chromosome count was 2n = ca. 90
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Figure 11. Mitotic chromosomes with explanatory illustrations A Pteridrys costularis (2n
= 82) B Pteris cadieri (2n = 87) C Pteris cadieri (2n = 87).

(presumably an apogamous triploid due to the count of 32 spores per sporangium)
from southern China (Lin et al. 2002). Although Chao (2019) found very little genet-
ic divergence among populations from China and Taiwan, it may be worthwhile to
include the Vietnamese population in future analyses, given their different ploidy
level and reproductive mode. This is particularly important considering the prev-
alence of reticulate evolution observed in the genus (e.g., Chao et al. 2012, 2022).

Pteris latipinna Y.S.Chao & W.L.Chiou—2n = 58, apogamous diploid, Fig. 12B

This is the first chromosome count reported for this species. This species
was firstly described from Taiwan (Chao et al. 2017) and later reported from
China and Vietnam (Chen et al. 2020b). Our chromosome counts support
the hypothesis proposed by Chao et al. (2022) that P, latipinna is a diploid,
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Figure 12. Mitotic chromosomes with explanatory illustrations A Pteris esquirolii
(2n = 58) B Pteris latipinna (2n = 58) C Pteris pseudowulaiensis (2n = 58).

as indicated by flow cytometry. Our spore number counts also confirm that
P, latipinna is reproduced through apogamous reproduction, which is common
for the genus (Walker 1962).

Pyrrosia eberhardtii (Christ) Ching—2n = 74, diploid, Fig. 13A

The first chromosome count reported for the species. This species is recorded
in southern China, Thailand, and Vietnam, with its type locality in Vietnam. It
has sometimes been grouped under a broadly defined P. lingua (Thunb.) Farw.
alongside other closely related species such as P. oblonga Ching and P. heter-
actis (Mett.) Ching. (Hovenkamp 1986). This broader classification of P. lingua
is further supported by Zhou et al. (2017), showing a close relationship among
these species. The chromosome numbers of P. lingua have been reported from
China and Japan, and both are diploids (e.g., Takei 1969; Kato 1999).
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Figure 13. Mitotic chromosomes with explanatory illustrations A Pyrrosia eberhardtii
(2n = 74) B Tectaria harlandii (2n = 80) C Tectaria setulosa (2n = 80).

Tectaria harlandii (Hook.) C.M.Kuo—2n = 80, diploid, Fig. 13B

This species has been documented in the Ryukyu Islands, southern China,
northern Vietnam, and Taiwan. Tetraploid populations (n = 80) have been re-
ported in the Ryukyu Islands (as Hemigramma decurrens (Hook.) Copel., Mitui
1976) and Taiwan (Tsai and Shieh 1985). In our study, we provide the first re-
cord of a diploid form Vietnam. Notably, this species has been proposed as the
maternal parent of the triploid (2n = 120) sterile hybrid species T. x hongkon-
gensis (Zhao and Dong 2016), with T. zeilanica (Houtt.) Sledge as the paternal
parent. It is reasonable to assume that T. x hongkongensis originated from the
hybridization between diploid and tetraploid parents. Given that both diploids
and tetraploids are now confirmed in these two parental species (Manton and
Sledge 1954; Tsai and Shieh 1985), it would be interesting to investigate wheth-
er there is a bias in the direction of hybridization based on ploidy level.
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Figure 14. Comparison of the sterile fronds between Leptochilus cantoniensis and
L. poilanei A L. cantoniensis, based on Kuo 1707 (TAIF [509328], left), Cadiére 158 (MICH
[1191289], middle), and s.c., s.n. (K [000959730], right) B L. poilanei, based on Poilane
5373 (BM [000036782], all the three fronds).

Tectaria setulosa (Baker) Holttum—2n = 80, sexual diploid, Fig. 13C

The first chromosome count reported for the species. Initially described from
Ba Vi mountain range in northern Vietnam, this species has since been docu-
mented in southern China, Indochina, and Peninsular Malaysia. Additionally, a
variety raciborskii (Alderw.) Holttum has been further identified extending to
Java without known ploidy.

New records from Vietnam

Haplopteris yakushimensis C.W.Chen & Ebihara, Phytotaxa 156(4): 232. 2014.
Fig. 1

Type. JAPAN. * Kagoshima Pref., Yakushima Island, Nakabase River, 20 Aug
1982, Nakaike s.n. (holotype TNS [VS-456666!]).

Distribution and ecology. This species was previously recorded only in Ja-
pan and Taiwan (Chen et al. 2014, TPG 2019). In Vietnam, H. yakushimensis
is found in damp evergreen broadleaf forests at elevations of 1200-1360 m,
where it grows on rocks with thick compost near streams.

Specimens examined. VIETNAM. * Cao Bang Province: Phia-Oac Phia-Den Na-
tional Park, 6 Dec 2013, Zhang et al. 6755 (MO, TAIF [499240!], VYNMN). Phia-Oac
Phia-Den National Park, Nguyen Binh District, Thanh Cong Ward, 22.589539°N,
105.880403°E, 1353 m, 8 Nov 2023, Chen Wade6952 (TAIF!, VNMN!). « Ha Gi-
ang Province: Vi Xuyen District, Cao Bo Ward, 22.767500°N, 104.880394°E,
1200-1360 m, 12 Sep 2000, Harder et al. 55714 (UC [1763099!]).

Note. Haplopteris, a fern genus comprising approximately 40 species, is pri-
marily found in tropical Africa, Asia, and the Pacific Islands (Schuettpelz et al.
2016). In Vietnam, eight Haplopteris species were previously recorded: H. angusti-
folia (Blume) E.H.Crane, H. doniana (Mett. ex Hieron.) E.H.Crane, H. elongata (Sw.)
E.H.Crane, H. ensata (Christ) C.W.Chen & S.Linds., H. ensiformis (Sw.) E.H.Crane,
H. flexuosa (Fée) E.H.Crane, H. hainanensis (C.Chr. ex Ching) E.H.Crane, and
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H. sikkimensis (Kuhn) E.H.Crane (Chen et al. 2023). Haplopteris yakushimensis
can be distinguished from these species by having fronds broader than 1 cm
wide, costae that are grooved on the adaxial side and raised on the abaxial side,
and the submarginal (ca. 1-2 mm away from the margins) sori lines.

Recent studies have identified two genetically distinct yet morphologically
indistinguishable lineages in H. yakushimensis (Kuo et al. 2017; TPG 2019).
With the discovery of new populations in Vietnam, we are currently working to
clarify these lineages using an integrated approach that includes reproductive
biology, genome size estimation, and nuclear markers. The results of this re-
search will be published in a separate paper.

Lindsaea kohkongensis 1.C.Hwang, M.0.Moon & B.Y.Sun, Korean J. PI. Taxon.
53(4): 289. 2023.
Fig. 2

Type. CAMBODIA « Koh Kong, Thma Bang District, near Chamnar village, 22 Dec
2013, Sun et al. 5520 (holotype HIBR; isotypes HIBR, KB).

Distribution and ecology. This species was recently described from Cambo-
dia and Malaysia. In Vietnam, it grows along a valley in damp tropical forests as
lithophytes and is frequently submerged in water.

Specimens examined. VIETNAM. * Kien Giang Province: Phu Quoc district,
Phu Quoc National Park, 6 Mar 2018, Chen Wade5034 (TAIF [5140461]).

Note. Morphologically, this species closely resembles Lindsaea ensifolia. Al-
though L. kohkongensis is usually a much smaller species than L. ensifolia, we
did not identify any qualitative trait to distinguish them. Currently, subaquatic
habitat preference appears to be the most reliable characteristic for differenti-
ating this species from L. ensifolia. Yun et al. (2023) described L. kohkongensis
as having free venation, in contrast to the anastomosing venation found in L.
ensifolia. However, this is not true. As demonstrated in Fig. 3G of their paper
and Fig. 2F of the current study, the veins of L. kohkongensis are connected
near the lamina margin, forming areoles in fertile fronds.

Pteris pseudowulaiensis Y.S.Chao, Taiwania 66(3): 314. 2021.
Fig. 3

Type. TAIWAN * New Taipei, Mt. Pataoerh, 600—700 m, 29 Apr 2016, Hsu 8437
(holotype TAIF [497137!]; isotype TAIF [497138!]).

Distribution and ecology. This species, recently described from Taiwan, was
initially reported from southern China and Taiwan (Chao et al. 2021). In Viet-
nam, P. peudowulaiensis was discovered in relatively dry evergreen broadleaf
forests at lowland areas of Cuc Phuong National Park.

Specimens examined. VIETNAM ¢ Ninh Binh Province: Cuc Phuong National
Park, Muong Khu trail, Y.-S. Chao 3509, 3515, 3517, 3531 (TAIF!, VYNMN!).

Note. This species belongs to the Pteris fauriei Hieron. complex, a tax-
onomically challenging group due to its reticulate evolution involving hy-
bridization, polyploidization, and apomixis (Chao et al. 2022). In Vietnam,
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five species from this complex have been recorded, namely P. arisanensis
Tagawa (Chao et al. 2022), P kawabatae Sa.Kurata (Chao et al. 2021), P
latipinna Y.S.Chao & W.L.Chiou (Chen et al. 2020b), P. oshimensis Hieron.
(Liao et al. 2013), and P. pseudowulaiensis. Morphologically, P pseudowu-
laiensis closely resembles P. oshimensis but differs by having broader pin-
nae, measuring 2-3.5 cm compared to less than 2 cm in P. oshimensis. Ac-
cording to Chao et al. (2022), P. pseudowulaiensis is an apogamous diploid
originating from hybridization of P. wulaiensis C.M.Kuo (a species reported
from Japan and Taiwan) and another unknown species.
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Appendix 1

Table A1. Specimens of Lindsaea used for molecular phylogenetic analysis in this study. New sequences generated in

this study are indicated in bold. En-dashes

“_n

indicate missing data.

Taxa Voucher Herbarium Country Matk Trnh-Psba Trnl-F
Lindsaea agatii (Brack.) Lehtonen & Chen SITW5698 TAIF [481048] |  Solomon PQ149394 PQ149410 PQ149412
Tuomisto Islands
Lindsaea blotiana K.U.Kramer Rakotondrainibe 6350 P Madagascar - GU478510 & GU478813
Lindsaea ensifolia Sw. Fraser-Jenkins FN29 | TAIF [357318] Nepal - PQ149405 -
Lindsaea ensifolia Sw. Fraser-Jenkins FN36 | TAIF [357830] India - PQ149404 -
Lindsaea ensifolia Sw. Huang 1657 TAIF [307881] | Cambodia - PQ149407 -
Lindsaea ensifolia Sw. Kessler 13597 UC[1951608] | Malaysia - GU478521 -
Lindsaea ensifolia Sw. Larsen 41363 AAU Thailand - GU478522 | GU478853
Lindsaea ensifolia Sw. Lu 15719 TAIF [398238] | Thailand PQ149396 PQ149403 PQ149416
Lindsaea ensifolia Sw. Lu 16172 TAIF [296864] | Bangladesh - PQ149408 -
Lindsaea ensifolia Sw. Chen SITW5235 TAIF [480899]  Solomon PQ149399 PQ149402 PQ149415
Islands
Lindsaea ensifolia Sw. Chen Wade1339 TAIF [411090] Vietnam PQ149398 PQ149401 PQ149414
Lindsaea ensifolia Sw. Chen Wade1399 TAIF [411162] Vietnam PQ149397 PQ149406 PQ149417
Lindsaea fraseri Hook. Streimann 8951 L Australia - FJ360908 @ FJ360998
Lindsaea heterophylla Dryand. Kramer 8285 z China - KF652043 | KF652056
Lindsaea javanensis Blume Chen Wade4151 TAIF [458804] Vietnam PQ149393 PQ149409 PQ149411
Lindsaea kohkongensis |.C.Hwang, Chen Wade5034 TAIF [514046] Vietnam PQ149395 PQ149400 PQ149413
M.0.Moon & B.Y.Sun
Lindsaea leptophylla Baker Raharimalala 2017 MO Madagascar - GU478509 | GU478819
Lindsaea madagascariensis Baker Rakotondrainibe 6349 P Madagascar - GU478512 | GU478815
Lindsaea media R.Br. van der Werff 11655 MO Australia - GU478516 | GU478843
Lindsaea meifolia (Kunth) Mett. ex Liesner 7062 MO - GU478478 | GU478783
Kuhn Venezuela
Lindsaea orbiculata (Lam.) Mett. ex Averyanov et al. AAU Vietnam - FJ360922 = FJ361013
Kuhn VH4814
Lindsaea oxyphylla Baker Gautier 2662 P Madagascar - GU478508 | GU478816
Lindsaea vieillardii Mett. McKee 5304 u New - GU478496 @ GU478844
Caledonia
Lindsaea walkerae Hook. Bostock 638 z Australia - GU478517 | GU478841
Tapeinidium luzonicum (Hook.) Kessler 13610 GOET Malaysia - GU478444 | GU478751

K.U.Kramer
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Table A2. Specimens of Leptochilus used for molecular phylogenetic analysis in this study. New sequences generated

in this study are indicated in bold.

Taxa
Leptochilus axillaris (Cav.) Kaulf.
Leptochilus cantoniensis (Baker) Ching
Leptochilus cantoniensis (Baker) Ching
Leptochilus cantoniensis (Baker) Ching
Leptochilus decurrens Blume
Leptochilus digitatus (Baker) Noot.

Leptochilus dissimilialatus (Bonap.) Liang
Zhang & Li Bing Zhang

Leptochilus ellipticus (Thunb.) Noot.

Leptochilus evrardii (Tardieu) Liang Zhang
& Li Bing Zhang

Leptochilus flexilobus (Christ) Liang Zhang
& Li Bing Zhang

Leptochilus henryi (Baker) X.C.Zhang

Leptochilus heterophyllus (S.K.Wu &
PK.L6c) comb. ined.

Leptochilus longipes (Ching) X.C.Zhang
Leptochilus macrophyllus (Blume) Noot.

Leptochilus oblongus Li Bing Zhang, Liang
Zhang & N.T.Lu

Leptochilus pedunculatus (Hook. & Grev.)
Fraser-Jenk.

Leptochilus pentaphyllus (Baker) Liang
Zhang & Li Bing Zhang

Leptochilus poilanei (C.Chr. & Tardieu)
Liang Zhang & Li Bing Zhang

Leptochilus pothifolius (Buch.-Ham. ex
D.Don) Fraser-Jenk.

Leptochilus pteropus (Blume) Fraser-Jenk.

Leptochilus saxicola (H.G.Zhou & Hua Li)
Liang Zhang & Li Bing Zhang

Leptochilus wrightii (Hook.) X.C.Zhang

Voucher
Wu 2462
Dong 743
Dong 172
Kuo 1701
Chen Wade1769
Chao 1556
Zhang et al. 6362

Chen Wade3656
Zhang et al. 8633

Chen Wade2518

Zhang et al. 9289
Wu WP-135

Chen Wade4102
Chen Wade1962
Zhang et al. 6299

Chen Wade1334

Zhang 1777

Chen Wade6804

Chen Wade2519

Chen 1010
Wei 2017

Chen 1087

PhytoKeys 255: 143-169 (2025), DOI: 10.3897/phytokeys.255.141395

Herbarium
KUN
PE
PE
TAIF [509328]
TAIF [388951]
TAIF (432480)
CDBI, MO, VNMN

TAIF [440115]
CDBI, MO

TAIF [440142]

CDBI
KUN

TAIF [458794]
TAIF [388897]
CDBI, MO, VNMN

TAIF [410768]
KUN
TAIF

TAIF [440141]

H
KUN

Country
Laos
China
China
China
Indonesia
Vietnam

Vietnam

Japan

Vietnam

China

China

Vietnam

Vietnam
Indonesia

Vietnam

Vietnam

China

Vietnam

China

Taiwan
China

Taiwan

Rbcl

JX103701

EU482945
EU482946
MT137055
MH768462
MH665034
MH768419

MH768444
MH768461

MH665042

MH768459
JX103688

MH665049
MH768449
MH768429

MH051168

MH768474

PQ149390

MH665056

MH051176
MH768471

MH051170

Rps4-Trns
JX103743
EU482995
EU482996
MH665095
MH768527
MH665097
MH768481

MH768508
MH768526

MH665106

MH768524
JX103730

MH665114
MH768513
MH768491

MH113467

MH768539

PQ149391

MH665122

MH113475
MH768536

MH113469

Trnl-F

JX103785
EU483041

EU483042
MH665162
MH768586
MH665164
MH768547

MH768572
MH768585

MH665173

MH768583
JX103772

MH665181
MH768575
MH768557

MH113500

MH768599

PQ149392

MH665189

MH113508
MH768595

MH113502
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Abstract

Indosasa gigantea is a bamboo with great economical value, but its generic designation has
been controversial for a long time. This study aims to ascertain whether I. gigantea belongs
to Indosasa or Acidosasa, based on morphological and molecular evidence from both plas-
tome and single-copy nuclear orthologous genes. The results of phylogenetic analyses,
based on plastid genomes and nuclear gene sequences, both strongly supported that
I. gigantea is distantly related to other members of Indosasa, but clustered with Acidosasa
glauca, the type species of Acidosasa. Further morphological studies demonstrated that
I. gigantea is conspecific with A. glauca. Thus, I. gigantea was proposed as a synonym of
A. glauca. Colour plates as well as a detailed description of this species are also provided.

Key words: Arundinarieae, morphology, new synonym, plastomes, single-copy ortholo-
gous genes, phylogeny

Introduction

Indosasa gigantea (T. H. Wen) T. H. Wen (1991) is a bamboo native to Fujian
Province of China, with great economical value for its tasty bamboo shoots
and beautiful figure with erect culms that are 7-17 m tall (Wen 1991; Zheng
and Lin 1995; Zhu and Zhao 1996; Liao et al. 2003, 2016; Zhu and Stapleton
2006; Wang 2010). This species has been introduced to neighbouring Zhejiang
and Guangdong Provinces (often called YL} %% jiang nan siin) in recent years
according to the historical documents (Wen 1991) and our field investigations.
However, the generic designation of I. gigantea has been controversial for a
long time. Initially, Wen (1983) described this species as a new species of Sino-
bambusa Makino ex Nakai (Nakai 1925), namely S. gigantea T. H. Wen, based
on vegetative materials. Eight years later, he stated that some newly-collected
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reproductive materials of this species showed the diagnostic characters for In-
dosasa, i.e. iterauctant or indeterminate inflorescence and six stamens per flo-
ret, so he transferred it to Indosasa McClure (Wen 1991). However, after re-ex-
amining the reproductive materials of I. gigantea, Xie and Chen (1993) argued
that this species actually had semelauctant and raceme-like inflorescence with
true pedicellate spikelets, which matched well with the diagnostic characters of
Acidosasa B. M. Yang (1981). Thus, they made a new combination for this spe-
cies as Acidosasa gigantea (T. H. Wen) Q. Z. Xie & W. Y. Zhang. It seems that Xie
and Chen'’s opinion was ignored, since many later important floral works and
databases adopted Indosasa gigantea (T. H. Wen) T. H. Wen (Wen et al. 1993;
Zhu and Stapleton 2006; Vorontsova et al. 2016; IPNI 2024). However, Zhu and
Stapleton (2006) noted that “a different interpretation of the inflorescence can
place this species in Acidosasa” in their account of Indosasa of "Flora of China".
Neither Wen (1991) or Xie and Chen (1993) provided any information of
the flowering specimens they examined. As we known, the spikelet type (true
spikelet or pseudo-spikelet) is the key character to differentiate Indosasa and
Acidosasa. To ascertain the spikelet type of I. gigantea, we visited the herbari-
um of Zhejiang Forestry Institute (ZJFI) where Wen worked and tried to find the
flowering materials of this species. However, despite of an exhaustive search,
we could not find any reproductive material of this species, other than the ho-
lotype with vegetative organs. Surprisingly to us, the holotype of I. gigantea
shows a number of characters that are very similar to the type species of Aci-
dosasa, i.e. A. glauca B. M. Yang, especially the morphology of culm leaf, such
as the powdery and setose sheath, arcuate ligule and auricles with well-devel-
oped oral setae. To clear the confusions of the taxonomic identity of Indosasa
gigantea, we conducted morphological and phylogenetic studies as below.

Materials and methods
Morphological study

Voucher specimens were collected during several field trips from 2019-2022
mainly to the type localities of many bamboos including Longquan County of Zhe-
jiang Province (type locality of Indosasa gigantea) and Jianghua County of Hunan
Province (type locality of Acidosasa glauca) and were kept in the Herbarium of
South China Botanical Garden (IBSC). Some flowering materials (BH225, IBSC)
were collected at Shaoguan City of Guangdong Province which were named as “
YLF§%" and we identified them as Indosasa gigantea. Specimens from the Her-
barium of Hunan Normal University (HNNU), IBSC and ZJFI were examined. Her-
barium acronyms follow Thiers (2024, updated continuously). Flowering materi-
als were dissected under a stereomicroscope (Mshot-MZ101) and small parts
were measured and photographed with the camera attachment (Mshot-MSX2).
Terminology follows McClure (1940), Li et al. (2006) and Beentje (2016).

Taxon sampling, DNA extraction and sequencing

To ascertain the phylogenetic position of Indosasa gigantea, phylogenetic anal-
yses, based on sequences of plastomes and single-copy orthologous genes,
were conducted. The taxon sampling referred to a previous study of the tribe
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Arundinarieae by Guo et al. (2021). For plastome-based phylogenetic inference,
the ingroup contains two samples of I. gigantea (NZY177 from the type locality
and BH225 from the flowering population at Shaoguan City of Guangdong Prov-
ince), two samples of the type species of Acidosasa, i.e. Acidosasa glauca B. M.
Yang (CZY56 from the type locality of A. glauca and NZY152 from the type local-
ity of A. chienouensis, a synonym of A. glauca), the type species of Indosasa, i.e.
Indosasa crassiflora McClure and representatives from other genera in Arundi-
narieae. Bambusa vulgaris Nees from the tribe Bambuseae was chosen as the
outgroup. In total, 31 samples representing 29 species from 19 genera were
included with eight newly-sequenced and 23 downloaded from GenBank. For
nuclear gene-based phylogenetic inference, a total of 26 samples representing
24 species from 14 genera in the tribe Arundinarieae were included with data
of five species unavailable. Voucher information and GenBank accession num-
bers of plastomes were listed in Suppl. material 1: table S1.

For DNA extractions, young leaves were collected in the field and dried
with silica gel. Genomic DNAs were extracted from the dried leaves using
the TIANGEN Genomic DNA Extraction Kit (TIANGEN, Beijing, China), follow-
ing the manufacturer’s instructions and 1 pg DNA per sample was sheared
using a Covaris M220 ultrasonicator (Covaris, Woburn, MA). We enriched
the resulting 350-bp fragments using PCR and prepared a paired-end library
using the NEBNext® UltraTM DNA Library Prep Kit which we sequenced on
a NovaSeq 6000 platform. After filtration of adapters and low-quality reads
using Fastp software v. 0.23.2 (Chen et al. 2018), at least 40 Gb deep ge-
nome skimming (DGS) data were generated.

Plastome assembly and nuclear single-copy orthologous genes recovery

We used filtered clean reads to de novo assemble complete plastid genomes
using the GetOrganelle v. 1.7.6.1 pipeline (Jin et al. 2020), with the plastome of
Phyllostachys edulis (Carriére) J. Houz. (GenBank accession No. HQ337796)
as reference. We set six k-mer values, viz. 21, 45, 65, 85, 105 and 125, for plas-
tid contig assembly. Following assembly, we aligned two generated plastid
sequences with opposite short single-copy (SSC) region directions to the ref-
erence sequence using Mauve v. 2.4.0 (Darling et al. 2004). We visualised and
selected the sequence with the same SSC direction as the reference as the final
plastome in the software Geneious v. 9.1.4 (Kearse et al. 2012).

For nuclear genes recovery, we used the protein-coding sequences of six pre-
viously published bamboo genomes—Dendrocalamus latiflorus Munro (Zheng
et al. 2022), Phyllostachys edulis (Carriere) J. Houz. (Zhao et al. 2018), Bonia
amplexicaulis (L. C. Chia, H. L. Fung & Y. L. Yang) N. H. Xia, Guadua angustifo-
lia Kunth, Olyra latifolia L. and Raddia guianensis (Brongn.) Hitchc. (Guo et al.
2019), to identify 737 common nuclear single-copy orthologous genes (SOGs)
using Orthofinder v. 2.5.4 (Emms and Kelly 2019). We assembled putative
SOGs using HybPiper v. 2.0.1 (Johnson et al. 2016). We mapped filtered clean
reads to each SOG using the BWA mapper function in HybPiper. We then de
novo assembled reads mapped to each gene into contigs with the best k-mer
automatically detected by SPAdes v. 3.15.0 (Bankevich et al. 2012). We aligned
the assembled contigs to the reference SOG dataset and used a python script
‘retrieve_sequences.py’ to recover 737 putative orthologs for each sample.
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However, because all of our samples are polyploid (Guo et al. 2019), some so-
called SOGs might have multiple copies. We therefore used a python script
‘paralog_retriever.py’ to detect and disregard potential paralogs. After this step,
we retained 439 SOGs.

Alignment construction and phylogenetic inference

We aligned the plastid genomes and 439 SOGs using MAFFT v. 7.505 (Katoh
and Standley 2013) in the software Geneious. We trimmed each single-gene
matrix using trimAl v.1.4 (Salvador et al. 2009) with default settings. We then
removed those nuclear genes with lengths shorter than 300 bp or with > 25%
missing data. The final nuclear dataset used for phylogenetic analyses includ-
ed 433 conserved nuclear genes.

As the plastome is a linkage group without recombination (Doyle 2022), we
thus performed Maximum Likelihood (ML) analysis for plastid DNA data. We
ran the multispecies coalescent-based method for phylogenetic inference for
the nuclear dataset as different nuclear genes possess heterogeneous nucleo-
tide substitution rates (Doyle 1992; Maddison 1997).

For plastome-based phylogenetic inference, we used RAXML v. 8.2.12 (Sta-
matakis 2014) to perform 20 addition replicates under the GTR+I model. We
chose the GTR+I" model because it accommodates rate heterogeneity amongst
sites, while the other available GTR models in RAXML are less appropriate due
to the small taxon sampling size (Stamatakis 2014; Cai et al. 2021). We esti-
mated branch support using a rapid bootstrap algorithm with 1000 bootstrap
replicates. For nuclear gene-based phylogenetic inference, we inferred individ-
ual ML trees using RAXML for each nuclear gene and estimated branch support
using bootstrapping analysis with 500 replicates, all using the GTR+I" model.
We tested different thresholds by collapsing branches with support < 30% and
50% and compared the resulting trees to the tree without collapsed branches.
This procedure was applied to each ML bifurcation locus tree by Newick Util-
ities (Junier and Zdobnov 2010). We combined all the generated bifurcation
trees to infer the species tree using ASTRAL-IIl (Zhang et al. 2018). The local
posterior probability was calculated with the parameter -t 3.

Results
Morphological study

A detailed morphological comparison between Indosasa gigantea and Ac-
idosasa glauca was conducted, based on examination of type specimens,
critical analysis of descriptions in the protologues and observations in the
field. The results showed that the two species share exactly the same key
characters, such as the thickly powdery young culms, branch complement
with three branches at each mid-culm node, sparsely brown setose and
white-powdery abaxial surface of culm leaf sheaths with a densely brown
setose base, ovate to falcate culm leaf auricles with many radiating or
sometimes curly oral setae, prominent culm leaf ligules, narrow triangular
to lanceolate culm leaf blades, 3 or 4 foliage leaves per ultimate branch, gla-
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brous foliage leaf sheaths, undeveloped foliage leaf auricles usually without
oral setae or with several oral setae at the most basal leaf sheath apex
and foliage leaf blades being glabrous adaxially and pubescent abaxially
(Table 1, Figs 1-4). The only difference seems to be the colour of culm leaf
sheaths: I. gigantea has pale red-brown abaxial surface of culm leaf sheaths
(Fig. 3B5), while that of A. glauca is green to yellow-brown (Fig. 3A5). How-
ever, the colour of culm leaf sheaths seems to be unstable, which is easily
affected by the light condition of the habitats according to our observations
in the wild. Specifically, with a strong light condition, the culm leaf sheaths
will often be redder than those within weak light conditions.

The flowering materials found at Shaoguan City of Guangdong Province
have raceme-like inflorescence with (1-)2-5 pedicellate spikelets, two glumes,
each spikelet with several to over ten florets, pubescent rachilla segments, gla-
brous and 11-13-veined lemma, palea with the ciliate upper parts of keels and
acute apex, three lodicules, six stamens with 4-5 mm long anthers and ovary
with one style and three stigmas (Fig. 5).

Phylogenetic study

The basic features of the plastomes of all the samples in our study are
summarised in Suppl. material 1: table S2. The plastid genome sequence
alignment, based on two samples of Acidosasa glauca and two samples of
Indosasa gigantea, is green in all sites, which means that the four plastid
genomes are identical (Fig. 6B). The size of the plastome is 139,677 bp,
including a large single-copy (LSC) region with 83,261 bp, a short single-copy
(SSC) region with 12,816 bp and one pair of inverted repeats with 21,795 bp
(Suppl. material 1: table S2).

Table 1. Comparison of key morphological characters between Indosasa gigantea and Acidosasa glauca.

Characters I. gigantea A. glauca

Young culm Glabrous, with thick white powder Glabrous, with thick white powder

Number of branches at mid-culm node three three

Culm leaf

Colour of sheath Pale red-brown Yellow-brown

Abaxial surface of sheath Sparsely brown setose and white Sparsely brown setose and white

Auricles

Oral setae

Ligule

Shape of blade

Number of foliage leaves per ultimate branch
Foliage leaf

Abaxial surface of sheath

Auricles

Oral setae

Abaxial surface of blade

Adaxial surface of blade

powdery, densely brown setose at base
Ovate to falcate
Radiating, ca. 1 cm long
3-5 mm high, prominent
Narrow triangular to lanceolate
3or4

Glabrous
Absent

Usually absent or several at the most
basal leaf sheath apex

Pubescent

Glabrous
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powdery, densely brown setose at base
Falcate
Radiating or curly, ca. 0.8 cm long
2-3 mm high, prominent
Narrow triangular to lanceolate
3or4

Glabrous
Absent

Usually absent or several at the most
basal leaf sheath apex

Pubescent

Glabrous
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Figure 1. Isotypes of A. glauca B. M. Yang (B. M. Yang 06431, HNNU) A, B sheets with vegetative part C sheet with
flowering branches and a culm leaf D spikelet pedicels E flowering branch.

Both Acidosasa and Indosasa are resolved as polyphyletic in the plastome-based
tree (Fig. 6) and nuclear SOG-based species tree (Fig. 7). In the plastome-based tree,
the two samples of I. gigantea and the two samples of A. glauca are clustered into
a monophyletic clade with high support values (BS = 100) and without any branch
length in their interiors (BS < 70). The nuclear SOG-based species tree also strongly
supported (PP = 1.0) that I. gigantea is clustered with A. glauca, the type species of
Acidosasa, but distantly related to I. crassiflora, the type species of Indosasa.
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Figure 2. Holotype of Indosasa gigantea (T. H. Wen) T. H. Wen (T. H. Wen & D. H. Jin Wen80556, ZJFI).

Discussion

The morphological characters of the specimens collected in the field (vouch-
ers: CZY56 and NZY177) matched well with the description of Indosasa gi-
gantea made by Wen (1991) (except the type of spikelet) and the holotype of
Acidosasa glauca (Table 1, Figs 1-4). Our phylogenetic study also suggested
that I. gigantea is a member of Acidosasa rather than Indosasa. Wen (1991)

PhytoKeys 255 171-187 (2025), DOI: 10.3897/phytokeys.255.143020 177



Zhengyang Niu et al.: Morphological and molecular evidence suggestions

Figure 3. Morphological comparison of Acidosasa glauca (A) and Indosasa gigantea (B). A1-B1 old culms A2-B2 young
culms A3-B3 three branches at old mid-culm node A4—-B4 three branches at young mid-culm node A5-B5 culm leaves.

did describe “indeterminate inflorescence” for Indosasa gigantea, which is a
key character of Indosasa, but its flowering materials found at IBSC (voucher:
BH225) are diagnosed by the possession of spikelet pedicels. Thus, we argue
that the transfer of this species from Indosasa to Acidosasa by Xie and Chen is
correct, although we did not find the flowering specimen mentioned by them.
Although there are multiple instances of conflict between the plastid and
nuclear SOG-based trees, the plastid and nuclear sequences both strongly
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Figure 4. Morphological comparison of Acidosasa glauca (A) and Indosasa gigantea (B). A1-B1 culm leaf apex, showing
auricles, oral setae, ligules and blades A2—B2 abaxial surface of culm leaf sheaths covered with sparse brown setae and
white powder A3-B3 bases of abaxial surface of culm leaf sheaths covered with dense brown setae A4-B4 ultimate foli-
age leafy branches A5-BS5 foliage leaf sheath and ligules. Scale bars: 1 cm (A1-A3,B1-B3); 5 cm (A4-A5); 5 mm (A5-B5).

support that two samples Acidosasa glauca and two samples of Indosasa
gigantea intermingle together (Figs 6, 7). We also noted that A. chienouensis,
which is the synonym of A. glauca, is always clustered with /. gigantea, whether
based on several plastid molecular markers (Zeng et al. 2010) or single nuclear
gene (Zhang et al. 2012). Hence, our phylogenetic studies are congruent with
previous studies on the relationships between A. glauca and I. gigantea.
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Figure 5. Dissection of inflorescence of Indosasa gigantea (voucher: BH225, IBSC) A flowering branch B internodes of
lower part of flowering branch C small membranous bract at the base of spikelet pedicel D base of spikelet, showing two
glumes and a floret E spikelet pedicel F rachilla segment G lemma, abaxial view H palea, adaxial (left) and abaxial (right)
view | lodicules J stamens, with two possessing filaments K pistil. Scale bars: 1 cm (A); 5 mm (B-H, J); 2 mm (K-I).

Our morphological and phylogenetic evidence further supported that Indosa-
sa gigantea is conspecific with Acidosasa glauca (Figs 1-7, Table 1). As Aci-
dosasa glauca B. M. Yang (1981) predates the basionym of I. gigantea, i.e. Sino-
bambusa gigantea T. H. Wen (1983), the latter is thus proposed as a synonym
of A. glauca here according to Art. 11.4 of International Code of Nomenclature
for algae, fungi and plants (Shenzhen Code) (Turland et al. 2018).
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Acidosasa glauca CZY56
Indosasa gigantea BH225
Acidosasa glauca NZY152
Indosasa gigantea NZY177
Pseudosasa hindsii
Indosasa sinica
Oligostachyum scabriflorum
Sinobambusa tootsik
Acidosasa venusta
Pleioblastus maculatus
Acidosasa purpurea
Pseudosasa amabilis

190 pleioblastus triangulata
72 Oligostachyum sulcatum
Indosasa crassiflora
Indosasa glabrata

100— Pleioblastus gramineus
E Pseudosasa japonica

70 Sinosasa longiligulata
100 r‘jShibataea chinensis

L Ferrocalamus strictus
Yushania basihirsuta
Chimonobambusa marmorea
Gelidocalamus stellatus
Phyllostachys nidularia

Sasamorpha hubeiensis
Fargesia spathacea

Gaoligongshania megalothyrsa
Ampelocalamus actinotrichus
Indocalamus sinicus

Bambusa vulgaris A.

100

100 89

98

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000 120,000 130,000 139,667

Consensus ldentity

1. Acidosasa glauca CZY56
2. Acidosasa glauca NZY152
3. Indosasa gigantea BH225
4. Indosasa gigantea NZY177

B.

Figure 6. A The phylogram of 28 species belonging to 18 genera from Arundinarieae, based on plastome sequences. The
bootstrap values = 70% are shown around the branches, while those values < 70% are represented by the hyphens B the
plastid genome sequence alignment of two samples of A. glauca and two samples of I. gigantea, showing that the four
plastomes are totally identical.

Taxonomic treatment

Acidosasa glauca B. M. Yang, J. Hunan Teachers’ Coll. (Nat. Sci. Ed.)
1981(2): 54 (1981)

= Indosasa gigantea (T. H. Wen) T. H. Wen, J. Bamboo Res. 10(1): 22 (1991).
syn. nov. = Sinobambusa gigantea T. H. Wen, J. Bamboo Res. 2(1): 57, fig. 10
(1983). = Acidosasa gigantea (T. H. Wen) Q. Z. Xie & W. Y. Zhang, Bull. Bot. Res.,
Harbin 13(1): 74 (1993). Type: CHINA - Zhejiang: Longquan City, Baoxi Town,
Wauling Village, 23 May 1980, T. H. Wen & D. H. Jin Wen80556 (holotype: ZJFI!).

= Acidosasa chienouensis (T. H. Wen) C. S. Chao & T. H. Wen, J. Bamboo Res.
7(1): 31 (1988). = Indosasa chienouensis T. H. Wen, J. Bamboo Res. 2(1): 67,
fig. 19 (1983). Type: CHINA - Fujian: Chien'ou [Jian'ou] County, Wanmulin, 2
June 1981, X. Q. Hua & P. X. Zhang FJ81607 (holotype: ZJFI!).
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Type. CHINA + Hunan: Jianghua County, Weizhuchong Town, Weizhuchong
Village, 10 June 1981, B. M. Yang 06431 (holotype: HNNU; isotypes: HNNU!).
Description. Running bamboo. Rhizomes leptomorph. Culms diffuse, erect,
7-17 m tall and 4-10 cm in diameter; internodes terete, 30-70 cm long,
green, thickly white powdery when young, glabrous; supra-nodal ridges weak-
ly prominent or flattened; sheath scars prominent, with a ring of dense brown
setae when young, glabrescent when old. Mid-culm branch complement with
three branches. Culm leaf sheaths initially pale green, turning to gold-yellow,
yellow-brown or pale red-brown when old, caducous, triangular, thickly leath-
ery, abaxially sparsely brown setose and white powdery, base densely brown
setose, margins densely ciliate; auricles ovate to falcate, 3.5-10 x 2-6 mm;
oral setae well-developed, many, scabrid, radiating or curly, 0.5-1 cm long;
ligules fragile, arcuate, 2—4 mm tall, abaxially pubescent, apex with deciduous
short cilia; blades erect or reflexed, easily deciduous, narrowly triangular to
lanceolate, 2-12.5 x 0.7-3 cm, apex acuminate, base broadened or slightly
narrowed. Foliage leaves 3 or 4 per ultimate branch; sheaths 4-6.5 cm long,
glabrous, longitudinal ribs conspicuous; auricles absent; oral setae usually ab-
sent or several at the lowest one or two sheath apex; ligules truncate, 1-2 mm
tall, abaxially pubescent; blades lanceolate, papery, 5-15 x 0.8-2 cm, base

0.62 Acidosasa glauca CZY56
1 Indosasa gigantea BH225
0199 Acidosasa glauca NZY152

0.72

Indosasa gigantea NZY177
Acidosasa purpurea
Acidosasa venusta
Oligostachyum sulcatum
Oligostachyum scabriflorum
Indosasa crassiflora

Indosasa glabrata

Indosasa sinica

0.52

Pleioblastus gramineus
Pseudosasa hindsii
Pseudosasa amabilis
1 L 1 Pleioblastus maculatus
0.68 Pleioblastus triangulata
1 Sinobambusa tootsik
1 Pseudosasa japonica
4‘ Sasamorpha hubeiensis
1 1] Shibataea chinensis
‘ Phyllostachys nidularia
0.97 Sinosasa longiligulata
1 Indocalamus sinicus

Chimonobambusa marmorea
Yushania basihirsuta

Bambusa vulgaris

Figure 7. The ASTRAL species tree of 23 species belonging to 15 genera of the tribe Arundinarieae, which is reconciled
by coalescence of 433 single-copy orthologous nuclear gene trees after collapsing branches with support < 30%. The
posterior probabilities are shown around the branches.
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subrounded or cuneate, abaxially pubescent, adaxially glabrous, both mar-
gins serrulate, secondary veins 4-6 pairs, transverse veins conspicuous,
margins serrulate. Inflorescence raceme-like, with (1-)2-4 spikelets, axis
glabrous, without white powder, basal internodes 6-8 mm long, glabrous;
spikelet pedicels 3-12 mm long, glabrous, without white powder, basally sub-
tended by a small membranous bract. Spikelets slightly laterally compressed,
(1.5-)5-7.5 cm long, fertile florets 3-12(=15), uppermost one not fully de-
veloped; rachilla segments compressed, 5-10 mm long, pubescent, with sev-
eral longitudinal ridges; glumes 2, first glume narrowly triangular, ca. 8 mm
long, apically pubescent or glabrous, 1-3-veined, apex acute; second glume
ovate to lanceolate, ca. 11 mm long, indumentum the same as the first glume,
7-9-veined; lemma lanceolate, ca. 13 mm long, abaxially sparsely pubescent
at the upper parts, while glabrous at other parts or glabrous wholly, white pow-
dery, 11-15-veined, apex acuminate; palea shorter than or equal to lemma,
9-13 mm long, 2-keeled, keels white ciliate on the upper parts, 4 or 5-veined
between keels, 3-veined outside keels each side, apex acute; lodicules 3,
2.5-4 x 1-1.4 mm, ovate, the upper parts membranous, while middle and
lower parts fleshy, margins sparsely ciliate; stamens 6, anthers initially yellow,
brown when old, 4-5 mm long, filaments ca. 4 mm long; ovary ovate, ca. T mm
long; style 1, 2-2.5 mm long; stigmas 3, plumose. Caryopsis unknown.

Distribution and habitat. Up to now, this species has been known native to
north Fujian and widely cultivated in Zhejiang, Guangdong and Hunan. It prefers
sunny environments and often grows well on mountain slopes near roadsides,
creeks and farmlands.

Phenology. New shoots March to April. Flowers April to June.

Chinese names. Chinese name ;217 [fén suan zhd]; “BHE77” [gén 1dn zhd].

Additional specimens examined. CHINA * Fujian: Chien'ou City, Jiubao Vil-
lage, Jiangdangping, 1 June 1981, P X. Zhang & X. Q. Hua FJ81606 (ZJFI);
+ Chien'ou City, the nursery of Wanmulin, 27°2'54"N, 118°8'33"E, 2 June 2022, Z.
Y. Niu NZY152 (IBSC); - Jiangle County, Longgishan, 24 May 1981, P X. Zhang
& X. Q. Hua FJ81536 (ZJFI). Guangdong: * Fengkai County, Heishiding, 12 April
1982, M. Y. Xiao 31853 (CANT); - Shaoguan City, Zhangshi Town, Luxi Village,
24°28'55"N, 113°27'27"E, 16 April 2023, Y. H. Tong, J. B. Ni & D. H. Cui BH225
(IBSC); Shixing County, Chebaling, 18 April 2023, 24°46'3"N, 114°18'3"E, Y. H.
Tong, J. B. Ni & D. H. Cui BH238 (IBSC); * Yunan County, Gaoliang Service Area,
13 April 2023, 23°14'30"N, 111°54'16"E, Y. H. Tong, J. B. Ni & D. H. Cui BH209
(IBSC). Hunan: - Jianghua County, Weizhuchong Town, roadside near Xiaolu-
guikou County Road 085, 24°53'10"N, 111°48'37"E, 19 May 2019, Z.Y. Cai CZY56
(IBSC). Zhejiang: - Longquan City, Baoxi Town, Wuling Village, 28°0'27"N,
118°46'29"E, 20 June 2022, Z. Y. Niu NZY177 (IBSC).

Local usage. Its culms can be used for construction. Its shoots are edi-
ble and tasty. It is very suitable for landscape due to the elegant architecture
and appearance.
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Abstract

Sasa rubrovaginata is transferred to Yushania based on morphological and molecular
evidence. The lectotype for S. rubrovaginata is designated. Besides, a revised descrip-
tion of this species and a key to the four Yushania species distributed in Cenwanlaoshan
Mountain are also provided.

Key words: Bamboo, Cenwanlaoshan Mountain, Sasa, taxonomy, Yushania

Introduction

Sasa Makino & Shibata (1901) is a medium genus of Arundinarieae, Bambusoide-
ae (Zhang et al. 2020a), and characterized by having a shrubby habit, leptomorph
rhizomes, single branch per culm node, spikelets arranged into a panicle-like in-
florescence, and six stamens and three stigmas per floret (Hu 1996; Wang and
Stapleton 2006; Clayton et al. 2016; Yi et al. 2008; Shi et al. 2022). About 43
species are recognized in Sasa genus at present, which are mainly distributed
in East Asia (Vorontsova et al. 2016; Soreng et al. 2022; Li et al. 2023a; POWO
2025). Previous phylogenetic studies indicated that Sasa is polyphyletic (Peng et
al. 2008; Sungkaew et al. 2009; Triplett and Clark 2010; Zeng et al. 2010; Zhang
et al. 2012; Qin et al. 2021), and most Chinese Sasa species were successively
revised and transferred to Sinosasa L. C. Chia ex N. H. Xia et al., Yushania Keng f.,
or Pseudosasa Makino ex Nakai in recent studies (Qin et al. 2021; Li et al. 2022,
2023a, 2023b, 2023c). For now, there are only three accepted names under Sasa
from China (POWO 2025), viz., S. subglabra McClure (1940), S. hainanensis C. D.
Chu & C. S. Chao (Chao et al. 1980) and S. rubrovaginata C. H. Hu (1985).

Sasa rubrovaginata was described based on the only collection, Nanzhidi
(Phytogeography expeditions of South China Institute of Botany) 5102, from
Cenwanglaoshan Mountain in Guangxi, China. Only two duplicates of the type
were found in N (Fig. 1). Both duplicates (N019023159 and N019023168) only
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constitute a leafy branch. No other specimens can be located in the Chinese
herbaria. Without any information of rhizome and branch complement, which
are very important for the placement of generic position, it was designated
as a member of Sasa. Thus, in order to ascertain the taxonomic position of
S. rubrovaginata, it is necessary to recollect complete specimens with rhizome
and branch complement from the type locality.

Materials and methods

The complete specimens of Sasa rubrovaginata were collected from the type
locality, i.e., Cenwanlaoshan Mountain, Langping Town, Tianlin County, Guangxi
Zhuang Autonomous Region, China, during a field trip in September 2022. Fresh
leaf samples were stored in sealed bags with silica gel for DNA extraction. Mag-
nifier and ruler (0.5 mm scale) were used for observations and measurements.
Some minor characters were observed with a stereo microscope (Mshot-MZ101,
Guangzhou Micro-shot Technology Co., Ltd, Guangzhou, China). Photos of type
specimens of S. rubrovaginata were downloaded from the Chinese Virtual Her-
barium (https://www.cvh.ac.cn/) for comparison. The description was conduct-
ed based on both living and dried materials, and the descriptive terms follow
McClure (1966) and Beentje (2016). Herbarium acronyms follow Thiers (2025).

To study the phylogenetic position of S. rubrovaginata within the tribe Arun-
dinarieae, phylogenetic analyses were carried out by using the complete chlo-
roplast genome data. A total of 30 representatives from all the five subtribes
of the tribe Arundinarieae (Zhang et al. 2020a) were sampled with Dendrocal-
amus strictus (Roxburgh) Nees from the tribe Bambuseae as an outgroup. All
the sampled taxa, information of voucher specimens and GenBank accession
numbers were listed in Table 1.

DNA extraction, sequencing, assembly and annotation

Total genomic DNA was extracted from dried leaves using the modified CTAB
method (Li et al. 2013) and sent to Novo Gene Company (Beijing, China) for
DNA assessment. The genomic DNA was then cut up to 350 bp-sized frag-
ments for the construction of the library, and paired-end sequencing was per-
formed on the Illumina Hiseq 4000 platform. A total of 20 G clean data (150 bp
read length) were generated from each sample. These clean data were utilized
to assemble the plastome by GetOrganelle v.1.7.7 pipeline (Jin et al. 2020) us-
ing the plastome of Phyllostachys edulis (Carriere) J. Houzeau (accession num-
ber: HQ337796) as the reference, with k-mer values of 45, 65, 85,105, 125, word
size of 102, and extension rounds of 20. Bandage software (Wick et al. 2015)
was used to visually check if the final result of the assembled genome was cir-
cular or not. Finally, the assembled plastome sequence with the same direction
as the reference sequence was kept and manually operated in Geneious v. 9.1.4
(Kearse et al. 2012) with the structure of LSC-IRa-SSC-IRb.

Phylogenetic analysis

By using MAFFT v. 7.490, all of the complete chloroplast genomes were con-
catenated into a data matrix after being aligned. Maximum Likelihood (ML) and
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Table 1. A list of the vouchers and GenBank accession numbers for the sampled species in this study.

Taxon
Ingroup

Acidosasa glauca B.M.Yang

Ampelocalamus actinotrichus (Merr. & Chun) S.L.Chen, T.H.Wen & G.Y.Sheng

Chimonobambusa tumidissinoda Ohrnb.

Fargesia albocerea J.R.Xue & T.PYi

Fargesia communis T.RPYi

Fargesia daminiu T.P.Yi & J.Y.Shi

Fargesia hygrophila J.R.Xue & T.PYi

Fargesia setosa T.P.Yi

Gaoligongshania megalothyrsa (Hand.-Mazz.) D.Z.Li, Hsueh & N.H.Xia
Gelidocalamus stellatus T.H.Wen

Hsuehochloa calcareus (C.D.Chu & C.S.Chao) D.Z.Li & Y.X.Zhang
Indocalamus longiauritus Hand.-Mazz.

Indocalamus sinicus (Hance) Nakai

Indosasa crassiflora McClure

Oligostachyum sulcatum Z.PWang & G.H.Ye

Phyllostachys edulis (Carriere) J.Houzeau

Pleioblastus maculatus (McClure) C.D.Chu & C.S.Chao
Pseudosasa cantorii (Munro) Keng f.

Pseudosasa japonica (Siebold & Zucc. ex Steud.) Makino ex Nakai
Ravenochloa wilsonii (Rendle) D.Z.Li & Y.X.Zhang

Sasa rubrovaginata C.H.Hu

Sasa veitchii (Carriere) Rehder

Shibataea chiangshanensis T.H.Wen

Sinosasa fanjingshanensis N.H.Xia, Q.M.Qin & J.B.Ni

Sinosasa longiligulata (McClure) N.H.Xia, Q.M.Qin & J.B.Ni
Sinobambusa tootsik (Makino) Makino ex Nakai

Yushania confusa (McClure) Z.PWang & G.H.Ye

Yushania maculata T.P.Yi

Yushania niitakayamensis (Hayata) Keng f.

Yushania shuichengensis T.P.Yi & L.Yang

Outgroup

Dendrocalamus strictus (Roxburgh) Nees

Voucher information

Accession number

CZY56 (IBSC) OP850353
MPF10003 (KUN) MF066245
MPF10083 (KUN) MF066244
ZhangYu-QuD588 (SANU) NC_043891
ZhangYu-QuD540 (SANU) NC_043934
ZhangYu-QuG660 (SANU) NC_043942
ZhangYu-QuD552 (SANU) NC_043938
ZhangYu-QuG695 (SANU) NC_043939

MPF10056 (KUN) JX513419

BH102 (IBSC) 0P850347
MPF10050 (KUN) KJ496369
MPF10168 (KUN) HQ337795

ZMY037 (KUN) MF066250

BH58 (IBSC) OK558536

Not provided by the author MW190089
MPF10163 (KUN) HQ337796

CZY56 (IBSC) JX513424
MPF10006 (KUN) MF066255

Pjc-1 (ZJFC) KT428377
MPF10146 (KUN) JX513421

LX178 (IBSC) PQ010623

LC1325(ISC) KU569975

ZLN-2011080 (KUN) MF066257
BH124 (IBSC) 0P850348
CZY163 (IBSC) OP850351
NHO031 (IBSC) 0OP850357
ZhangYu-QuF642 (SANU) NC_043893
Not provided by the author OR750784
Not provided by the author MN310560
Not provided by the author OR750781
zmy018 (KUN) MK679802

Bayesian Inference (Bl) tools in the PhyloSuite v.1.2.3 platform (Xiang et al.
2023; Zhang et al. 2020b) were utilized for phylogenetic reconstructions. The
Bayesian Information Criterion (BIC) in ModelFinder (Kalyaanamoorthy et al.
2017) was used to identify the optimal substitution model for ML and Bl meth-
ods. Maximum likelihood phylogenies were inferred by using IQ-TREE v 2.2.0
(Nguyen et al. 2015) under the best-fit K8Tu+R4+F model. We then performed
1000 ultrafast bootstrap replicates and 1000 approximate likelihood ratio
(SH-aLRT) tests to assess branch supports (Guindon et al. 2010). Bayesian In-
ference phylogenies were inferred using MrBayes v 3.2.7 (Ronquist et al. 2012)
under the GTR+I+G+F model (2 parallel runs, 40,000,000 generations), in which
theinitial 25% of sampled data were discarded as burn-in. ML and Bl trees were
visualized in FigTree v. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/).

PhytoKeys 255: 189-201 (2025), DOI: 10.3897/phytokeys.255.147252 191



Xing Li et al.: Yushania rubrovaginata, a new combination

Results

The real identity of Sasa rubrovaginata

According to the protologue and field note of the type specimens of Sasa
rubrovaginata, the gathering was collected at an elevation of 2000 m at Cen-
wangling (% Ei%) (the main peak of Cenwanlaoshan), Langping (J&°F), Tianlin
County (H#k£). During our field trip to Cenwanlaoshan Mountain, only one
bamboo species that has a long-necked pachymorph rhizome and two or three
branches on the mid or upper culm nodes were found at the elevation from
1968 m to 2062.5 m (the peak’s elevation). The young and unbranched culms
with foliage leaves at the apex (Fig. 2) fully matched with the protologue and the
type specimens (Fig. 1) of S. rubrovaginata as well as the glabrous internodes,
white powdery infranodal region, purple-red culm leaf sheath with a hispid base
and ciliate margins, caducous culm leaf blades, truncate culm leaf ligules, 5-6
foliage leaves per ultimate branch with the glabrous sheath being ciliate on
margins, falcate foliage leaf auricles with developed oral setae, truncate foliage
leaf inner ligules, and glabrous foliage leaf blades with conspicuous transverse
veins and 5-6 pairs secondary veins. Thus, we are very sure that the specimens
we collected are S. rubrovaginata. Hu (1985) should take the young and un-
branched culm with foliage leaves at the apex as a leafy branch, and supposed
that the bamboo possessed solitary branch complement and leptomorph rhi-
zome, just like the case of S. tomentosa C. D. Chu & C. S. Chao (= Yushania
tomentosa (C. D. Chao & C. S. Chao) N. H. Xia et al.; see Li et al. 2023a for no-
menclatural revision). Owing to the long-necked rhizome (Fig. 3G) and branch
complement with mostly solitary branch at lower culm nodes and two to three
(Fig. 3C) branches at mid and upper culm nodes, it should be a member of
Yushania rather than Sasa.

After examining the type specimens and referring to the related literature (Vi
et al. 2008; Shi et al. 2022; Li et al. 2023a), S. rubrovaginata is mostly similar to
Y. tomentosa by sharing the branch complement with usually solitary branch
at lower culm nodes and two to three branches at mid and upper culm nodes
(Fig. 3C), the glabrous internodes with purple spots, the culm leaf with sheath
being ciliate on margins and leaving persistent remains on internode when fall-
ing off, truncate ligule, falcate auricles with radiate oral setae (Fig. 3F), and
foliage leaf with sheath being ciliate on margins, falcate auricles with radiate
oral setae (Fig. 3D), truncate ligule and glabrous blades, but differs in having
purple-red (vs. green to brown) and densely brown hispid (Fig. 3E) (vs. white
to yellowish-brown hirsute) culm leaf sheath, and glabrous culm leaf ligules
margin (vs. white ciliolate), foliage leaf sheath (vs. densely white hirsute), outer
ligule margin (vs. white ciliate) and pseudopetiole (vs. white puberulous). A
more detailed comparison of the two species is presented in Table 2.

Phylogenetic analysis

The chloroplast genomes of the sampled species vary from 139,404 bp (Dendro-
calamus strictus) to 140,064 bp (Gaoligongshania megalothyrsa (Hand.-Mazz.)
D. Z. Li, Hsueh & N. H. Xia) with an alignment of 144,047 bp. Sequence diver-
gence was observed in this data matrix with 3,903 variable sites (2.71%) com-
prising 3,087 singleton variable sites (2.14%) and 816 parsimony informative
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Table 2. Comparison of Sasa rubrovaginata and Yushania tomentosa.

Characters Sasa rubrovaginata Yushania tomentosa

Culm leaf

Sheath Purple-red when fresh, densely brown = Green to brown when fresh, densely
hispid white to yellowish-brown hirsute

Ligule Glabrous White ciliolate on the margin

Foliage leaf

Sheath Glabrous, initially white powdery Densely white hirsute

Pseudopetiole Glabrous White puberulous

Outer ligule Glabrous White ciliate on the margin

sites (0.57%). Only the ML tree was displayed (Fig. 4) with nodal support values
from both ML and Bl methods labeled on each node. As shown in the phylo-
genetic tree, S. rubrovaginata is distantly related to S. veitchii (Carriere) Rehder
(= S. albomarginata (Miq.) Makino & Shibata, the type of Sasa) but forms a
monophyletic clade with four Yushania species with strong nodal support (BS
= 99.6% & PP = 1.00), which also supports that S. rubrovaginata should be a
member of Yushania, rather than Sasa.

Discussion

Based on the morphological and molecular evidence, it is concluded that Sasa
rubrovaginata represents a distinct species of Yushania. Accordingly, a new
combination of S. rubrovaginata under Yushania should be made. Hu (1985)
designated the collection Nanzhidi 5102 (N) as the type of S. rubrovaginata,
but there are two duplicates in N, which should be recognized as syntypes.
We designated N019023168 (Fig. 1A) which bears some pencil annotations in
Chinese and “Typus” in the identification slip by the author and has relatively
better developed culm and foliage leaves as the lectotype of S. rubrovaginata.

Taxonomic treatment

Yushania rubrovaginata (C. H. Hu) N. H. Xia, Y. H. Tong, J. B. Ni & X. Li,
comb. nov.

urn:lsid:ipni.org:names:77360579-1

Figs 1-3

Basionym. Sasa rubrovaginata C. H. Hu, Bamboo Research 2(2): 59 (1985)

Type. CHINA. « Guangxi: Tianlin County, Langping Town, Cenwanlaoshan
Mountain, elev. 2000 m, 26 Nov. 1957, Nanzhidi 5102 (lectotype N019023168|,
Fig. 1A, designated here; isolectotype N019023159!, Fig. 1B)

Description. Shrubby bamboo. Rhizomes pachymorph, necks 15-30 cm long,
3-5 mm in diameter, solid. Culms 1-3.5 m tall, 5-8 mm in diameter, diffuse;
branches usually solitary at lower culm nodes, 2—3 at mid and upper culm nodes;
internodes terete, 10—30 cm long, glabrous, densely purple-spotted, thickly white
powdery below nodes, hollow; supranodal ridges raised. Culm buds solitary, long-
ovate, yellow to light green, ciliate on the margin. Culm leaf sheaths persistent or
tardily deciduous, ca. 1/2 as long as internodes, purple-red, densely brown hispid
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Figure 1. Lectotype (A) and isolectotype (B) of Sasa rubrovaginata C. H. Hu (Nanzhi 5102,N AN019023168 BN019023159).

Photos downloaded from Chinese Virtual Herbarium (https://www.cvh.ac.cn/).

abaxially, densely ciliate on the margin; sheath scar prominent, with persistent
remains of sheath base; auricles falcate, 3—5 x 1-2 mm); oral setae developed,
radiate; ligule truncate, ca. 0.5 mm high; blades linear-lanceolate to lanceolate,
reflexed, easily deciduous, margin serrulate. Foliage leaves 5-13 per ultimate
branch; sheath glabrous, margin ciliate; auricles falcate, 1-3 x 0.5-1 mm,; oral
setae radiate, ca. 1 cm long; inner ligule truncate, ca. 1T mm high; outer ligule
and pseudopetioles glabrous; blades broad-lanceolate to lanceolate, 17-26 x
3.5-6 cm, wavy when dry, glabrous, apex acuminate, base cuneate to obtuse; sec-
ondary veins 9-10 pairs, transverse veins conspicuous. Inflorescence unknown.

Distribution and habitat. It is only found in Cenwang Mountain, Tianlin Coun-
ty, Guangxi, China. It grows on top of mountains at an altitude of 1968 to 2062.5
meters (the peak’s elevation).

Phenology. New shoots from August to September.

Chinese name. #.5¢ % 11177 (Chinese pronunciation: hdng ké yu shan zhu).

Notes. Hu (1985) described that the culm leaf auricles and oral setae of
Yushania rubrovaginata are undeveloped (see Fig. 1). In fact, this bamboo does
have developed culm leaf auricles and oral setae (Fig. 3E, F). But the culm leaf
auricles and oral setae are easy to fall off, which exactly happens to the type
specimens of Y. rubrovaginata. Similarly, the culm leaf sheaths of the type
specimens are glabrous on the mid and upper parts, and only the basal part
is sparsely hispid. Actually, Y. rubrovaginata has a thoroughly hispid culm leaf
sheath, and pits are left after the trichomes fall off (Fig. 3E).
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Figure 2. A specimen of Sasa rubrovaginata C. H. Hu collected from the type locality, X.Li
& J.B.Ni LX178 (IBSC). Photo by Xing Li.

Wang and Stapleton (2006) treated Sasa duplicata W. T. Lin & Z. J. Feng
(1992) as a synonym of Y. rubrovaginata. However, the former has a leptomorph
rhizome, rather than pachymorph rhizome. Actually, S. duplicata owns some
characters that are the same as Pseudosasa cantorii (Munro) P. C. Keng ex S.
L. Chen et al. (Zhu et al. 2006), such as glabrous internodes, the white powdery
infranodal region, branch complement with one to three branches at each culm
node, culm leaf sheath with ciliate margin, arcuate to truncate culm leaf ligules
and falcate auricles with developed oral setae, foliage leaf sheath with ciliate
margin, truncate ligules, developed oral setae and lanceolate to oblong-lanceo-
late blades with conspicuous transverse veins. Thus, S. duplicata is probably a
synonym of P. cantorii, but more work needs to be done to ascertain this.

There are another three Yushania species, viz., Y. cartilaginea T. H. Wen (1984),
Y. chingii T. P. Yiand Y. rugosa T. P. Yi (1986), distributed in Cenwanglaoshan Moun-
tain. Yushania rubrovaginata can be distinguishable from them by having branch
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Figure 3. Yushania rubrovaginata A foliage leafy branch B culm bud C three branches at an upper culm node D partial
foliage leafy branch, showing auricles and oral setae E culm leaf and white powdery infranodal region F apex of culm leaf
sheath, showing ligules, auricles and oral setae G pachymorph rhizome with long neck. All photos by Xing Li.
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Figure 4. Phylogenetic tree derived from MI and Bl methods based on the complete chloroplast sequences, showing the
phylogenetic position of Sasa rubrovaginata. Bootstrap values and posterior probabilities are indicated at each node, and

the type of Sasa is highlighted in blue.

complement with the solitary branch at lower culm nodes and two to three branch-
es at mid and upper culm nodes, densely purple-spotted internodes, purple-red and
densely brown hispid culm leaf sheath, and foliage leaf with developed and radiate
oral setae. A key to these Yushania species is provided as follows.

Key to Yushania species distributed in Cenwanglaoshan Mountain

1a
2a

2b

1b

3a

3b

Branches solitary at each culm node...........cc.ccooovviiiiiiiccicicccece 2
Culm leaf sheath glabrous; auricles developed and falcate; oral setae radi-
ate with trichomes 5-8 MM loNg ........ccoooieieiiiii Y. chingii

Culm leaf sheath glabrous or sparsely purple-brown setose at base; auri-
cles absent or small; oral setae absent or weak with trichomes 2-3 mm
o] 3 T RSP T Y. rugosa

Internodes densely purple-spotted; culm leaf sheath purple-red, densely
brown hispid; foliage leaf sheath with radiate oral setae .....Y. rubrovaginata
Internodes green, without purple spots; culm leaf sheath green to brown,
glabrous; foliage leaf sheath with straight oral setae........... Y. cartilaginea
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Additional specimens examined

Yushania rubrovaginata: CHINA. * Guangxi: Tianlin County, Langping Town,
Cenwanglaoshan Mountain, Cenwangling, 25 September 2022, 24°29'22.4"N,
106°24'5.3"E, elev. 2062 m, X. Li & J. B. Ni LX178 (IBSC).

Yushania tomentosa: CHINA. « Guangxi: Rongshui County, Jiuwan Mountain,
elev. 1400 m, 25 August 1958, S. H. Chun 15320 (isotypes: NAS00070361, image;
WUK0211330, image; N019023167, image; IFP15899999w0005, image); * Rong-
shui County, Wangdong Township, Jiuwan Mountain, Weilinjiang, 23 September
2022,25°18'39.3"N, 108°38'13.2"E, elev. 1358 m, X. Li & J. B. Ni LX168 (IBSC).

Yushania cartilaginea: CHINA. + Guangxi: Baise City, [Tianlin County], Kashan
[Laoshan = Cenwanlaoshan] forestry station, elev. 17700 m, 9 April 1982, W. W.
Chou L82433 (holotype: ZJFI).

Yushania chingii: CHINA. « Guangxi: Tianlin County, Laoshan forestry sta-
tion, elev. 1400 m, 14 January 1990, J. P Ruan 90005 (N 019025132, image; N
019025139, image; N 019025140, image).

Yushania rugosa: CHINA. « Guizhou: Wangmo County, Maoping community,
elev. 1500-1556 m, 26 August 1981, T. P Yi 81118 (holotype: SIFS).
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Abstract

In the present paper, we describe a new species, Prunus zhuxiensis (P. subg. Cerasus),
from Hubei, China, based on long-term field observations. This species closely resem-
bles P. serrulata in having corymbose-racemose or subumbellate inflorescences, hairy
petiole, pedicel, involucral bracts and black drupes. However, P zhuxiensis differs dis-
tinctly from P, serrulata by its sweet edible drupes (versus bitter, inedible drupes in P. ser-
rulata), stipules 4-lobed at the base (versus linear stipules in P. serrulata), smaller bracts,
shorter pedicels and styles pilose at the base (versus glabrous styles in P serrulata).
Furthermore, molecular phylogenetic analyses indicate that P zhuxiensis and P, serrulata
are placed in separate clades, supporting their distinction.

Key words: China, Hubei, Prunus zhuxiensis, taxonomy

Introduction

Shi et al. (2013) re-defined the infrageneric relationships of Prunus L., based on
molecular phylogenetic analyses. Currently, about 65 species are recognized
within P subg. Cerasus (Mill.) A.Gray, of which 44 species occur in China (Su
et al. 2021; Yi et al. 2024b). Some new species within this subgenus have been
reported from China in recent years (e.g. Xu et al. (2022); Liang et al. (2023); Yi
et al. (2024a)). However, the phylogeny of Prunus subg. Cerasus inferred from
chloroplast and/or nuclear genomic data (Hodel et al. 2021; Shen et al. 2023;
Su et al. 2023) only partially corresponds with previously proposed morpho-
logical sectional classifications (Yu and Li 1986; Wang 2014) and several cas-
es have also been detected in other lineages of Rosaceae, including the tribe
Maleae (Liu et al. 2019, 2020, 2022, 2023; Jin et al. 2023, 2024; Wang et al.
2024) and the tribe Potentilleae (Xue et al. 2023).

During a botanical expedition conducted a few years ago in Zhuxi, Hubei,
China, we encountered an interesting species of Prunus subg. Cerasus. After
careful and detailed observations, we concluded that it represents a species
new to botanical sciences, which we formally describe herein.
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Materials and methods

We collected specimens and took pictures of the new species in Zhuxi, Hubei, Chi-
na. The specimens of the new species were deposited at the Herbarium of Wuhan
Botanical Garden, CAS (HIB) and PE (China National Herbarium). We also checked
the specimens at HIB, PE and CVH (Chinese Virtual Herbarium, https://www.cvh.
ac.cn/) of Prunus subg. Cerasus. We carried out morphological comparisons in the
field and herbaria. The specimens were observed with dissecting microscopes.

The complete chloroplast genome of the new species Prunus zhuxiensis
(GenBank accession number: PV208095) was assembled using Getorganelle
1.7.7.0 (Jin et al. 2020) with lllumina genomic DNA sequencing data. We also
downloaded chloroplast genomes of other Prunus species and two outgroup
species (Malus domestica (Suckow) Borkh. and Spiraea martini H.Lév.). Before
constructing phylogenetic trees, the chloroplast genomes were aligned with
MAFFT 7.520 (Rozewicki et al. 2019) and the alignment was trimmed with
Gblocks (Talavera and Castresana 2007) in Phylosuit 1.2.3 (Zhang et al. 2020).
The Maximum Likelihood (ML) phylogenetic trees were generated with IQ-TREE
2.2.0 (ultrafast bootstrap 10000 replicates) (Nguyen et al. 2015) in Phylosuit
1.2.3 (Zhang et al. 2020). The nucleotide substitution model was determined
with ModelFinder 2.2.0 (Kalyaanamoorthy et al. 2017) in Phylosuit 1.2.3 (Zhang
et al. 2020) and then Bayesian Inference (BI) was performed using MrBayes
3.2.7 (10,000,000 generations; Ronquist et al. (2012)).

Taxonomic treatment

Prunus zhuxiensis Q.L.Gan, W.B.Xu & X.W.Li, sp. nov.
urn:lsid:ipni.org:names:77360580-1
Figs 1-3

Diagnosis. Prunus zhuxiensis is similar to P serrulata Lindl. (Li and Bartholomew
2003; Yi et al. 2024b) in its hairy pedicel and involucral bracts, corymbose-rac-
emose or subumbellate inflorescences and black drupes, but the flowers of
P. zhuxiensis appear before the leaves (at the same time as leaves in P. serrula-
ta) and have reflexed sepals half as long as the hypanthium (spreading sepals
up to as long as hypanthium in P, serrulata) and style pilose at the base (gla-
brous in P, serrulata), the fruits of P zhuxiensis are sweet and edible, while those
of P. serrulata bitter and inedible.

Type. CHINA « Hubei Province, Zhuxi County, Quanxi Town, Baguashan For-
est Farm, Hengduanshan, 32°3'50"N, 109°39'25"E, alt. 780 m, 15 March 2023,
Q.L. Gan 23-1-1 (holotype: HIB [barcode 0342513!]; Isotypes, PE [barcodes
02553525!, 02553526!]).

Paratypes: - ibidem, alt. 780 m, 15 March 2023, Q.L. Gan 23-1-2 (HIB [bar-
code 0346560!]), Q.L. Gan 23-1-3 (HIB [barcode 0346559!]), Q.L. Gan 23-1-4 (HIB
[barcode 03465631]); - ibidem, alt. 750 m, 26 April 2023, Q.L. Gan 23-2-1 (HIB
[barcode 03465611]), Q.L. Gan 23-2-2 (HIB [barcode 0346562!]), Q.L. Gan 23-2-3
(HIB [barcode 03465641]).

Description. Trees, deciduous, 8-12 m tall, bark grey, lenticels elliptic or
long elliptic, sparsely transversely arranged. Young branchlets purple or green,
densely grey pubescent. Leaf blades narrowly obovate, obovate or elliptic,
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Figure 1. Vegetative characters of P. zhuxiensis A crown B trunk C old branch D branchlet E branchlet F winter bud G leaf
blades H teeth at leaf margin I hairs on lower surface of a leaf J hairs on a petiole K glands at apex of a petiole L stipule.
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Figure 2. Reproductive characters of P zhuxiensis A flowering branches B inflorescences C inflorescences D involucre E in-
volucral bracts F peduncle G bracts H hypanthium I hypanthium and bracts J petals K ovary and style L drupes M endocarps.
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0342513

Figure 3. The holotype of P. zhuxiensis.

3-12 x 1.5-5.5 cm, base cuneate or rounded, apex caudate or acuminate,
margin crenately serrate or biserrate, teeth minute, tipped with apical glands,
adaxially glabrous, abaxially white pilose on veins. Secondary veins 8-12 on
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each side. Petiole 10-14 mm, pubescent, with two purple disciform glands at
upper part. Stipules 4-lobed at base, lobes margin capitate gland tipped, lacin-
iato-fimbriate. Flowers emerging before leaves. Involucral bracts ovate, oblong,
4-7 x 3.5-4.5 mm, densely pubescent adaxially. Inflorescences umbellate or cor-
ymbose-racemose, 3—5-flowered. Peduncles short or absent. Pedicel 7-12 mm,
pubescent. Bracts greenish-white, obovate, 1.5-2.5 x 1.5-2.5 mm, conical glan-
dular serrate at apex. Hypanthium tabulate or campanulate, 6-7 x 2—3 mm, pu-
bescent abaxially. Sepals ovate-lanceolate, 2-3 x 0.8—1 mm, reflexed. Styles 12—
13 mm, pilose at base. Petals ovate or narrowly ovate, white, 10-13 x 6—=7 mm,
bifid at apex. Stamens 38-44, filaments up to 12 mm. Drupes globose or ovoid,
black, 8-9 mm long, sweet, edible. Endocarp flat ovoid, 7-8 mm long, smooth.

Phenology. Flowering in March, fruiting in May.

Distribution and habitat. P zhuxiensis is distributed sparsely in the mixed ev-
ergreen and deciduous broad-leaved forest in the mountains or along streams at
altitudes 600—1500 m around the type locality. The main accompanying species
of P. zhuxiensis are Salix wilsonii Seemen ex Diels, Sycopsis sinensis Oliv., Camellia
cuspidata (Kochs) H.J.Veitch, Phoebe zhennan S.K.Lee & F.N.Wei, Juglans mand-
shurica Maxim., Albizia julibrissin Durazz., Pterocarya stenoptera C.DC., Cornus kou-
sa subsp. chinensis (Osborn) Q.Y.Xiang, Photinia beauverdiana C.K.Schneid etc.

Etymology. The specific epithet “zhuxiensis” refers to the type locality, Zhuxi,
Hubei, China. The Chinese name of this species is Zhuxiyingtao (Pinyin).

Notes. P. zhuxiensis co-occurs with P. serrulata in the same plant community.
They are similar in their hairy pedicel and involucral bracts and black drupes.
However, these two species can be distinguished by the pilose style base of
P. zhuxiensis (which is glabrous in P. serrulata) and the sweet and edible drupes
of P. zhuxiensis (compared to the bitter and inedible drupes of P. serrulata). The
morphological differences are shown in Table 1, Suppl. material 1.

Molecular phylogeny. Both the Bl and ML molecular trees (Fig. 4, Suppl. ma-
terial 2) demonstrate the monophyly of Prunus subg. Cerasus, which is con-
sistent with Shen et al. (2023). Shen et al. (2023) split the subg. Cerasus into
seven lineages (Clades llla-Illg) and the species of each of these lineages also
cluster together in our phylogenetic trees. The new species P. zhuxiensis does
not group with P, serrulata and it is nested in clade llic of Shen et al. (2023) and
sister to a subclade consisting of P. dolichadenia Cardot, P. tatsienensis Batalin,

Table 1. Morphological comparison between P. zhuxiensis and P. serrulata (Li and Bartholomew 2003; Yi et al. 2024b).

Characters
Petiole
Stipule
Secondary veins
Phenology (in Zhuxi County)
Pedicel
Hypanthium
Sepals

Petals
Style
Bracts
Fruits

P. zhuxiensis
apex with 2 disciform glands
4-lobed at base
8-12 pairs
flowering in March
0.7-1.2cm
green or slightly purple

reflexed, 2—-3 mm long, about half as long as
hypanthium

ovate or narrowly ovate
pilose at base
greenish-white, 1.5-2.5x 1.5-2.5 mm
black, sweet, edible
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P. serrulata
apex with 1-3 rounded glands
linear
6-8 pairs
flowering in April and May
1.5-2.5cm
dark purple

spreading, 5 mm long, nearly as long as
hypanthium

obovate
glabrous

brown or tinged greenish-brown, 5-8 x 2.5-4 mm

black, bitter, inedible
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I

Prunus jamasakura OR687430
Prunus speciosa OR687405
Prunus nipponica OR687404
Prunus leveilleana OR687431
Prunus incisa OR687429

Prunus apetala OR687428

Prunus takasagomontana OR687406
Prunus transarisanensis OR687433
Prunus matuurae MK239267
Prunus campanulata OR687400
Prunus dielsiana MN537436
Prunus polytricha OR687399
Prunus schneideriana OR687426
Prunus discoidea OR687425

Prunus imensis MG754959

0.38

0.93

Prunus kumanoensis MN245147
Prunus serrulata var. lannesiana MT576877
Prunus sargentii MW392082
Prunus serrulata MT576902
Prunus conradinae OR687423
Prunus stipulacea OR687424
Prunus patentipila OR687398
Prunus pseudocerasus OR687421
Prunus scopulorum MT576889
Prunus yunnanensis OR687422
Prunus pusilliflora OR687397
Prunus duclouxii ON186529
Prunus clarofolia NC_066415
Prunus henryi OR687420
Prunus caudata OR687395
Prunus setulosa MZ336101
Prunus avium MT576923
Prunus fruticosa OR687393
Prunus cerasus MT576894
Prunus pensylvanica MN427872
Prunus emarginata MN389436
Prunus maximowiczii OR687387
Prunus itosakura OR687391
Prunus subhirtella MN695296
Prunus yedoensis KP760070
Prunus zhuxiensis PV208095
Prunus dolichadenia OR687413
Prunus tatsienensis MT576898
Prunus szechuanica MT576934
Prunus discadenia MK905683
Prunus conadenia OR687389
Prunus serrula OR687390
Prunus pleiocerasus MT576847
Prunus cerasoides MF621234
Prunus mugus OR687384
Prunus crataegifolia OR687383
Prunus trichantha OR687385
Prunus trichostoma OR687412
Prunus rufa MN648456

Prunus mahaleb OR687382
Prunus persica HQ336405
Prunus padus KP760072
Spiraea martini KY419987

Malus domestica MH595623

Figure 4. Bl consensus tree of Prunus subg. Cerasus. GenBank accession number follows species name.
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P szechuanica Batalin, P. discadenia Koehne, P. conadenia Koehne, P. serrula
Franch. and P, pleiocerasus Koehne. P. serrulata and P. serrulata var. lannesiana
(Carriére) Makino and P. sargentii Rehder group together into a subclade as a
part of clade lllg of Shen et al. (2023). The present study shows that phyloge-
netic relatedness does not reflect the morphological resemblance of P. zhux-
iensis and P. serrulata. While both P. zhuxiensis and P. subhirtella are placed in
the same clade named llic of Shen et al. (2023), these two species share the
characters of black drupes and hairy inflorescences and pilose style.

Key to species of Prunus subg. Cerasus in Zhuxi, Hubei, China (based
on Li and Bartholomew (2003))

Ta Bracts green, persistent........ccccoooiiiioiii i 2
2a Glands disciform or depressed at apex of teeth along bract margins ......3
3a Inflorescences subcorymbose-racemose or raCeEmMOoSe ...........cceeeveevereenenee.

........................................................................................ Prunus szechuanica

3b Inflorescences umbellate............cccoveeveeieiiiiiieicee Prunus tatsienensis
2b  Glands not disciform or depressed at apex of teeth along bract margins..... 4
4a Bracts 5-20 mm; sepals spreading ...........ccccooeeiieieeienn. Prunus setulosa
4b  Bracts 2-8 mm); sepals reflexed...........ccooveieiiiiiiiiiceeeeee 5
5a Hypanthium outside densely pilose.........c..cccocveeieciieinnennne. Prunus wangii
5b  Hypanthium outside glabrous ...........cccoeveieiiiiiiiiicecceee e 6
6a Stamens 20-30; drupe long ellipsoid ............ccocvvieeennee. Prunus clarofolia
6b Stamens 32-54; drupe ovoid to subglobose................. Prunus conradinae
1b  Bracts brown or rarely greenish-white, rarely persistent..............ccccc........ 7
7a Inflorescences more or less hairy or at least hairy when young................ 8
8a  Style glabrous .........ooviviiiiciceee e 9
9a Sepals about 1/2 as long as hypanthium................ Prunus pseudocerasus
9b Sepals about 2 times as long as hypanthium ................ Prunus dielsiana
8b  StYle hairy ..o 10
10a Hypanthium tubular, base dilated...............ccccveveieienn. Prunus subhirtella
10b Hypanthium tabulate or campanulate, base not dilated Prunus zhuxiensis
7b Inflorescences glabrous...........ccooviiuiiiiiiieiececeeee e 11
T1a Sepalsreflexed.......ccccoieieiiiiiiiiiceceeeeeeeee Prunus cyclamina
11b Sepals straight or spreading..........ccooceeieieieiiniieeee e 12
12a Leaf blade margin serrulate or biserrate with acuminate to aristate teeth ....

.................................................................................................... Prunus serrulata
12b Leaf blade sharply serrate .........ccooeevvereeieineieiceens Prunus conradinae
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Abstract

The current article introduces and describes Haslea berepwari sp. nov., a new species of
diatom discovered in the vicinity of Boulouparis, New Caledonia. Under light microscopy,
H. berepwari sp. nov. strongly resembles Haslea pseudostrearia, but preliminary molec-
ular barcoding conducted using partial 18S and rbcL genes suggested that it was a dis-
tinct species. This was confirmed first by scanning electron microscopy which showed
the differences in stria densities between both species. A short-reads genome-skimming
protocol applied on H. berepwari sp. nov. led us to obtain its complete mitochondrial
and plastid genomes. The mitogenome is 36,572 bp in length and as already observed
among other species of Haslea spp., the nad6 and nad2 genes are fused within a single
open-reading frame. The plastome is 131,897 bp length, and unlike the mitogenome, it
is not colinear with those of H. pseudostrearia. The results derived from the sequencing
of the plastome allowed to perform a 123-gene multigene maximum likelihood phylog-
eny that associates H. berepwari sp. nov. to H. pseudostrearia with maximum support
at the nodes but also strictly distinguishes them, suggesting a greater genetic distance
between these species than what has been previously observed between other maren-
nine-producing species.

Key words: Coral Sea, Naviculales, organellar genomes, tropical diatoms

Introduction

The genus Haslea comprises a group of morphologically diverse pennate dia-
toms, currently including 36 taxonomically accepted species (Guiry and Guiry
2011). The holotype species of the genus is Haslea ostrearia (Gaillon) Simonsen
1974, also known as the ‘blue diatom’ due to its capacity to produce blue pigment
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commonly known as marennine (Simonsen 1974). Marennine is responsible for
the green coloration observed in the gills of oysters along the Atlantic coast of
France (Gaillon 1820; Gastineau et al. 2014). Green oysters, which are distin-
guished by their specific flavor attributed to modifications in fatty acids and their
emerald hue, are less common and command a higher price in the French oyster
industry (Prasetiya et al. 2017a). While the chemical structure of Marennine re-
mains unknown, it has been shown to display several biological properties (Pou-
vreau et al. 2007; Pouvreau et al. 2008; Gastineau et al. 2012b; Prasetiya et al.
2016; Prasetiya et al. 2017b; Prasetiya et al. 2019a; Falaise et al. 20193, 2019b;
Permatasari et al. 2019; Prasetiya et al. 2020a; 2020b; Prasetiya et al. 20213,
2021b; Seveno et al. 2024). Latest research and development efforts have fo-
cused on scaling up the production of the diatom and its pigment (Gargouch et
al. 2022; Nghiem Xuan et al. 2021; Adjout et al. 2022; Prasetiya et al. 2022).

In recent years, several new species of Haslea have been described world-
wide, some of which also produce blue pigments, while others exhibit shapes
unusual for this genus (Poulin et al. 2004; Gastineau et al. 2012a, 2016, 2021b;
Talgatti et al. 2014; Sterrenburg et al. 2015; Li et al. 2017; Prasetiya et al. 2019b;
Lobban et al. 2020). Among the species that do not produce a blue pigment,
Haslea pseudostrearia Massé, Rincé & E.J. Cox 2001 is of particular relevance
to the present article. This species was first described by Massé et al. (2001)
based on material from the Kingsbridge estuary in southern UK and received
its species name due to its morphological similarities with H. ostrearia. Fol-
lowing this initial description, strains of non-blue Haslea were assigned to this
species after being reported in various and distant parts of the world, including
South Africa (GenBank: 0K729589 and OK729583) and the Yellow Sea (An et
al. 2017) (GenBank: KY320350 and KY320289).

The present study aims to describe a new species of pennate non-blue dia-
tom from the genus Haslea originating from New Caledonia. New Caledonia, a
territorial French collectivity, comprises several archipelagos and isolated islands,
some of which are remnants of the Zealandia submerged continent. New Cale-
donia is situated approximately 1,500 km east of Australia, in the Southwestern
Pacific Ocean and its largest island is named Grande Terre (‘great land’). On the
west coast of Grande Terre, in Boulouparis, the French national institute for ocean
science and technology (Ifremer) has operated a station for experimental aqua-
culture for approximately 50 years (Galinie 1989) (currently co-operated with the
Adecal Technopole) with decades of expertise in shrimps and other crustaceans’
cultivation (e.g. for recent developments Lemonnier et al. 2021; Giraud et al. 2021,
2022; Colette et al. 2022, 2023; Nguyen et al. 2022; Callac et al. 2022, 2023, 2024),
including experiments on the co-cultivation of shrimps with holothurians (Purcell
et al. 2006; Bell et al. 2007). In 2020, a strain of non-blue Haslea has been isolated
from one of the earthen ponds used in these studies. Under light microscopy (LM),
the strain looked very similar to H. pseudostrearia, and if it were not for the contra-
dictory results of molecular barcoding, it could have been assigned to this species.

In this article, we describe the new species Haslea berepwari sp. nov. This
description is based on LM and scanning electron microscopy (SEM) observa-
tions combined with two multigene phylogenies derived from the sequencing
of the mitochondrial and plastid genome of this new species. The interest of
New Caledonia as a hotspot for the discovery of new diatom species, as illus-
trated by this article, will be also discussed.
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Material and methods
Sampling site, isolation and culture condition

Samplings were done in August 2020 in shrimp earthen ponds use for the co-breed-
ing of Penaeus stylirostris Stimpson, 1871 and Holothuria scabra Jaeger, 1833 at
the experimental aquaculture station of Saint Vincent (Boulouparis), located on
the west coast of Grande Terre (coordinates: 21°55'36.9"S, 166°05'00.9"E, sam-
pling authorization 15569-2019/4-ISP-DENV) (Fig. 1). Monoclonal cultures were
obtained by single cell isolations performed with micropipettes under an invert-
ed microscope (Zeiss, Primovert). Subsequently, it was carefully rinsed in several
drops of site-filtered seawater (0.2 pm). The isolated strain was then transferred
to cell culture multidishes filled with filtered (0.2 pm), autoclaved, and ES1/3-en-
riched seawater (Lebeau et al. 1999). The isolates were then cultured in a ther-
mo-controlled incubator at a temperature of 24 °C, with an illumination of 50 pmol
photons m? s™. Finally, the isolates were transferred to 150 mL Erlenmeyer flasks
containing 50 mL of ES1/3 medium and maintained under similar conditions in our
culture collection. The strain was registered in the collections of Ifremer as P05.

Microscopic observations

Live LM images were obtained using a Leica microscope (DM750, Leica Mi-
crosystems) equipped with ICC50 camera. The morphometry analysis was
conducted using the Image J software (Schneider et al. 2012). All LM pictures
were taken within two weeks after isolation, isolation and come as close as
possible to wild or natural material.

For cleaned LM and SEM observations, cells were subsequently rinsed in two
consecutive baths of milliQ water and left to oxidize overnight in H,0,. The follow-
ing day, a drop of the sample was deposited on a glass cover slide, air-dried, and
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Figure 1. Sampling location of Haslea berepwari in the experimental aquaculture station of Saint Vincent (21°55'36.9"S,
166°05'00.9"E), the West Coast of Grande Terre, New Caledonia, during summer 2020. Sampling point is indicated with
the red dots sign. Map produced with QGIS software version 3.43.3 (QGIS.org 2023).
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placed in a furnace (2 hours at 450 °C) for complete removal of organic matter.
Pictures were taken with the same Leica DM750 microscope mentioned above.

For scanning electron microscopy (SEM) observations, cleaned samples
were coated with an 8 nm layer of platinum (LEICA, EM ACE 600) and imaged
using an environmental SEM equipped with a secondary electron detector
(JSM-IT300 LV, 20 kV, 15 mm working distance, JEOL) at the University of
New Caledonia.

DNA extraction and preliminary molecular barcoding

A culture of H. berepwari sp. nov. was maintained in exponential growth
phase by frequent dilutions with fresh medium. A volume of 10 mL was har-
vested by centrifugation at 4500g and 5 °C during 10 min (Firlabo, SW9R,
Meyzieu, France). Pellets of cells were then stored at -20 °C until analysis.
The PowerSoil® DNA Isolation Kit was then used to extract the DNA and lyse
the frustules. The DNA amplification and sequencing protocols were adapted
from Gastineau et al. (2016). In brief, PCR reactions were conducted in a final
volume of 20 pl using hot-start Taq polymerase (1X) (Qiagen) with its buffer:
10X PCR buffer (Qiagen), 200 uM of a dNTPs mix (Promega). Two sets of
primers were employed: one targeting the 18S rRNA gene (18 SHASLEAF: 5'_
CTGCCCTATCAGCTTTGGATGG_3’, 18SHASLEAR: 5_CCATTCAATCGGTAG-
GTGCG_3’) and the rbcl gene (RBCLF: 5_GTCTCAATCTGTATCAGAACGG_3’,
RBCLR: 5_CGGTTAGCTGTTGGTGTTTCAGCG_3’) at a final concentration of
0.2 uM for each primer. All amplifications were performed in a Veriti™ ther-
mocycler (Applied Biosystems, USA) for 35 cycles, as follows: 1 min denatur-
ation at 95 °C, 1 min annealing at 60 °C for the 18S rRNA gene and 59 °C for
the rbcL gene, 1 min 30 s elongation at 72 °C, followed by a final elongation
step at 72 °C for 7 min. The size of all amplicons was verified using aga-
rose gel electrophoresis. The PCR products that matched the expected size
(around 1300 bp for the 18S rRNA gene and 1400 bp for the rbcL gene) were
sent to GenoScreen (Lille, France) for Sanger sequencing. The raw sequence
chromatograms were checked using Geneious Prime software and the re-
verse and forward sequences were combined. The consensus sequences
were pairwise aligned using MEGA 11 (Tamura et al. 2021) and compared
with sequences of Haslea spp. obtained from GenBank, which suggested that
the species was different from these references. Consensus sequences are
available as supplementary files as explained below.

Next generation sequencing, assembly and annotation

The pool of DNA that remained from the PCR and Sanger protocol described
above was sent to the Beijing Genomics Institute (BGI, Shenzhen, China) to be
sequenced on a DNBSEQ platform for a total of ca. 100M clean 150 bp paired-
end reads. Reads were assembled using SPAdes 4 (Bankevich et al. 2012)
with a k-mer of 125. The different subunits of the plastome were joined using
Consed (Gordon and Green 2013). Genes were identified and annotated as ex-
plained in Gastineau et al. (2021a). The maps of the mitochondrial and plastid
genomes were drawn on the OGDRAW online portal (Lohse et al. 2013).
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Multigene phylogeny

Two phylogenies were performed. The first one was based on the available plastid
genomes. Protein-coding genes were extracted from the plastomes of H. berep-
wari sp. nov. and 17 other species of Naviculaceae downloaded from GenBank
plus Eunotia naegelii Migula 1905 to be used as an outgroup. Genes that were not
shared by all the selected taxa or were likely pseudogenes were removed from the
dataset, leading to a total of 123 conserved genes, which were all independently
aligned by MAFFT 7 (Katoh and Standley 2013) with the -auto option, then trimmed
with trimAl (Capella-Gutiérrez et al. 2009) and the -automated1 option before be-
ing concatenated by Phyutility 2.7.1 (Smith and Dunn 2008). The best model of
evolution was verified on the concatenated alignment using ModelTest-NG (Darri-
ba et al. 2020), which returned the GTR+I+G as best model with the three modes
(BIC, AIC and AlCc). The maximum likelihood phylogeny was performed using 1Q-
TREE 2.2.0 (Minh et al. 2020) with 1000 ultrafast bootstrap replicates. The second
multigene phylogeny was performed by appending recently published datasets
(Yilmaz et al. 202443, 2024b) with sequences from H. berepwari and other Haslea
spp. The dataset contains three genes, namely psbC, rbcL and 78S. The phylog-
eny was conducted using the same software as above, but the best model of
evolution was evaluated on each gene alignment separately prior to concatena-
tion, and was chosen based on the BIC mode. The model chosen were GTR+I+G4
(psbC), TIM3+1+G4 (rbeL) and TrN+I+G4 (78S). The dataset was partitioned based
on these models, with 1000 ultrafast boostrap replicates. The dataset, partition
file and complete tree are available as described in the data availability statement.

Results

Taxonomy

Haslea berepwari Mouget, Gastineau & Jauffrais, sp. nov.

Type material. Holotype: The strain P05 was acid cleaned and mounted on
a glass slide and is deposited in the herbarium “Paris Cryptogamie” (PC) at
The French National Museum of Natural History under accession number
PC0643624 (LM slide) and PC0643625 (SEM slide). The cell representative of
the type is presented in Fig. 2.

Isotypes: SEM and LM slides with acid cleaned valves of strain P05 are kept at
the Ifremer culture collection in New Caledonia under the accession number P05.

Type locality. Boulouparis, New Caledonia. Haslea berepwari was isolated
from shrimp earthen ponds (coordinates: 21°55'36.9"S, 166°05'00.9"E, Fig. 1)
by Thierry Jauffrais in August 2020 in Boulouparis during a co-culture experi-
ment of Penaeus stylirostris and Holothuria scabra.

Etymology. The species designation is derived from the term “Boulouparis”,
which is the one of the main cities on the west coast of New Caledonia. The
name “Berepwari” is the translation of Boulouparis in xaracuu, one of the main
Melanesian languages spoken in New Caledonia.

Description. LM Living cells solitary, motile and lanceolate, equipped with two
parietal, narrow band-like chloroplasts appressed to the girdle of the cell (Fig. 2).
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I
Figure 2. Haslea berepwari sp. nov. in vivo pictures with two parietal chloroplasts and

apices without the presence blue pigment in light microscopy (A, B) and LM image of a
cleaned valve (C-E), scale bar 20pm.

Valves narrow and lanceolate with acute apices. The maximum and minimum
length of the monoclonal culture of H. berepwari was 101.0 um and 95.4 pm,
respectively (average 98.0 + 1.5 pm, n = 30), while the maximum and minimum
widthwas 15.0 umand 9.7 ym (average 12.2 + 1.1 ym, n = 30). On clean frustules,
raphe straight with non-distinct central endings. Cell wall exceedingly delicate,
with longitudinal and transapical striations not discernible under LM. In general,
LM provides minimal visibility into the specifics of the valve characteristics and
is not sufficient to distinguish between this species and H. pseudostrearia.
SEM In external valve view, the exterior is covered with long, continuous, and
apical-oriented siliceous stripes (top layer), proximal raphe endings straight
and slightly widened, slightly deflected dorsally, apical raphe endings ventrally
hook shaped (Fig. 3A, D). The interior is composed of a grate-like layer of small
areolae, separated by short bars arranged crosswise. Transverse bars of this
layer are almost equal in the transapical and longitudinal bars. The areolae are
occluded externally by hymens and remnants of this membrane are visible in
Fig. 3D. The central area lacks a lateral extension (Fig. 3A, D). Internally, the
raphe is slightly elevated and straight, with well-developed helictoglossae at
the poles (Fig. 3E). Internal openings of the raphe fissures directed towards
one side of the raphe sternum, except at the center and near the tips. Thin bar
near the central ending of the raphe on one side of the valve only (Fig. 3C).
A supplementary ridge runs alongside the raphe sternum across most of the
valve. Internally, square-shaped areolae organized in orderly rows (Fig. 3B, C, E).
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Figure 3. SEM micrographs of Haslea berepwari sp. nov. strain P05. A Whole valve in external view B whole valve in in-
ternal view C internal view of the center of the valve demonstrating accessory ribs and the presence of a thin bar on the
left side of the raphe D external view of the valve centre showing approximate raphe endings and continuous longitudinal
fissures E internal view of apex with the helictoglossa F external view of apex showing the curved distal raphe fissure
and part of the parallel and longitudinal slits adjoining the peripheral one. Scale bars: 10 pm (A); 20 um (B); 1 um (C—F).

Externally, the valve seems covered with longitudinal bands, separated by slits
running parallel to the raphe and converging into a single peripheral slit near the
tips (Fig. 3A, F). The striation displays a transapical pattern of 37-38 striae per
10 um intersected by a longitudinal pattern of 36 striae per 10 ym.

Differential diagnosis. A comparative analysis of morphological features
between H. berepwari, Haslea nusantara (Mouget, Gastineau and Syakti) and
H. pseudostrearia is detailed in Table 1. Haslea berepwari sp. nov. shares
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Table 1. Comparison between H. berepwari, the similar species H. pseudostrearia and the tropical species.

Features H. nusantara H. pseudostrearia H. pseudostrearia H. berepwari
Length (um) 73.9+1.7 55.5+0.2 37-43 98.0+1.5
6.8+0.1 8.8+0.1 6-7 122+1.1
Transapical striae in 10 ym 36.0+1.0 38.6+0.2 34-36 36
Longitudinal striae in 10 pm 52.0+2.0 42.8+0.2 42 37-38
Pseudostauros Not present Not present Not present Not present
Present Present Present Present
Present Present Present Present
Central raphe endings Straight Straight Straight Straight
Polar raphe endings Straight Deflected Deflected Deflected
Presence of blue pigment Yes No No No
Prasetiya et al. (2019b) | Prasetiya et al. (2019b) ~ Massé et al. (2001) in this study

strong similarities with H. pseudostrearia but is distinguished from it by the
density of striae, both transapical and longitudinal.

Genomics and phylogeny. The nuclear rRNA gene cluster: For reasons un-
known, we failed to assemble the complete cluster of nuclear rRNA, even af-
ter adjusting the k-mer parameter for assembly. However, we successfully re-
trieved the complete 18S gene and submitted it to GenBank (PP725422). This
sequence completely validated the results obtained previously from Sanger se-
quencing. The sequence was aligned using Clustal Omega (Sievers et al. 2011)
with references ascribed to H. pseudostrearia (AY485524 and KY320350) and
identity was respectively 95.12% and 95.30%, while these two references were
99.81% identical with each other.

Mitochondrial genome: The mitochondrial genome of H. berepwari was re-
trieved from the contigs file with redundant endings. After trimming and circular-
ization (Fig. 4), its length is 36,572 bp (GenBank: PP728232). The mitogenome
encodes for 34 proteins, considering that nad77 is split into two distinct sub-
units. As it was noticed with other species of Haslea spp., nad6 and nad2 are
merged into a single open reading frame (ORF), for a total size of 753 amino
acids (Gastineau et al. 2021b; Dabek et al. 2022). The mitogenome also encodes
for three ORFs. The first one, orf162, corresponds to the conserved ORF general-
ly found mttB and rps77 (Pogoda et al. 2019; Dgbek et al. 2022). We note that our
annotation software (Gagnon 2004) ascribed it to rp/70, a function suggested
for this ORF in Pleurosigma sp. (QYJ09263) (Wang et al. 2022). However, in the
absence of more evidence of the function of this gene, we will keep labelling it
as orf162, nothing also that the size of the putative protein encoded is identi-
cal among all the species of Haslea spp. for whom a mitogenome is available.
The two other ORF, namely orf171 and orf235, are interspersed between the two
subunits of nad77 and cox3 and are similar to ORFs found in the same position
among other species of Haslea spp. (Gastineau et al. 2021b; Dgbek et al. 2022).
InterProScan queries returned no results for orf235. For orf171, four transmem-
brane domains, three cytoplasmic regions and two non-cytoplasmic domains
were found. The mitogenome also encodes 22 tRNA and two ribosomal rRNA.

Plastid genome: The plastid genome is 131,897 bp long (GenBank: PP728231)
and exhibits the usual quadripartite structure (Fig. 5). The LSC is 65,599 bp long
and contains 74 protein-coding genes and 17 tRNA. The SSC is 48,934 bp long and
contains 52 protein-coding genes, a single non-conserved ORF and seven tRNA.
The inverted repeats are 8,682 bp long and contains two protein-coding genes, a
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Figure 4. Mitochondrial genome of Haslea berepwari sp. nov. Coloured boxes represent genes, with colours denoting
their categories as indicated in the bottom left legend. The inner grey ring shows variations in G+C content.

non-conserved ORF (orf118), three rRNA genes and three tRNA. The noticeable
differences when compared to H. pseudostrearia are the position of cp/C (between
psbA and ycf35) and the absence of overlap between ycf45 and the IRB.
Multigene phylogeny: The 123-genes ML phylogeny led to a highly supported
tree in which all nodes display maximum support (Fig. 6). For the genus Haslea, the
tree distinguishes between a highly supported clade of marennine-like producing
species and a second clade that contains H. berepwari sp. nov. and H. pseudost-
rearia. It is noteworthy that the genetic distance between both species is rather
important when compared to the distance between ‘blue’ species. Other taxa reg-
istered as Haslea on GenBank are nested within Navicula spp., but their belonging
to the genus Haslea has been invalidated in Li et al. (2017) and thus should be in-
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Figure 5. Plastid genome of Haslea berepwari sp. nov. Coloured boxes represent genes, with colours denoting their cate-
gories as indicated in the bottom left legend. The inner grey ring shows variations in G+C content.

stead regarded as Navicula spp. It is to note that Seminavis robusta D.B.Danielidis
& D.G.Mann 2002 appears inside the Navicula clade, a position already observed
in the 3-genes ML phylogeny recently published in Yilmaz et al. (2024a). The three-
genes ML phylogeny (Fig. 7) also associated H. berepwari to a clade formed by
two strains ascribed to H. pseudostrearia with high support. Sister to this clade is
Haslea arculata Lobban & Ashworth, 2020, a species found in the Island of Guam
and which is characterized by the curved shape of its frustule (Lobban et al. 2020).
This large clade is sister to the sigmoid species Haslea nipkowii (Meister) M.Poulin
& G.Massé 2004 (Poulin et al. 2004) and Haslea feriarum M.A. Tiffany & FA.S. Ster-
renburg 2015, a species with dorsoventral valve shape (Sterrenburg et al. 2015; Li
et al. 2017). The tree strictly separates ‘blue’ and ‘non-blue’ taxa.

PhytoKeys 255: 215-234 (2025), DOI: 10.3897/phytokeys.255.144697 924



Fiddy Semba Prasetiya et al.: Haslea berepwari sp. nov. from New Caledonia

OK?729590 Haslea provincialis

OK?729592 Haslea karadagensis
OK729591 Haslea karadagensis

100 OK729593 Haslea karadagensis
100
MW561351 Haslea ostrearia

100 I MW645084 Haslea silbo

100 I MW645082 Haslea silbo
100

MH681881 Haslea nusantara
_: PP728231 Haslea berepwari
100 OK729589 Haslea pseudostrearia

OLA415004 Haslea avium

100

OK729588 Navicula tsukamotoi
> _E
100 OL415006 Haslea tsukamotoi

OL415005 Navicula arenaria

100

MH356727 Seminavis robusta
100 OR795086 Navicula vanseea
100 .
100 OR795085 Navicula vanseea

MT383645 Navicula veneta

KF733443 Eunotia naegelii

——
0.05

Figure 6. Maximum Likelihood phylogenetic tree obtained from concatenated align-

ments of 123 protein coding genes from 19 species of diatoms. The tree is rooted with
Eunotia naegelii.

Discussion
Comparison between H. berepwari and similar species

Morphologically as well as phylogenetically, H. berepwari is very similar to H. pseu-
dostrearia. We can cite the shape of the external distal raphe ending, which is
curved in both taxa. This characteristic is also present among other species such
as, for example, Haslea salstonica Massé, Rincé & E.J.Cox 2000 or Haslea cru-
cigera (W.Smith) Simonsen 1974 (Massé et al. 2001). However, it has never been
observed among any of the ‘blue’ species so far, and for this reason, it can be re-
garded at least as a relevant criteria to discriminate between H. berepwari and the
‘blue’ species H. nusantara, for example. The presence of a central thin bar close
to the internal proximal raphe ending is an interesting character too, but that could
also be misleading. This thin bar is exhibited by H. berepwari and H. pseudost-
rearia, but also by the ‘blue’ species Haslea silbo Gastineau, Hansen & Mouget,
2021 and H. nusantara, while it is completely absent in H. ostrearia, H. karadagen-
sis and Haslea provincialis Gastineau, Hansen & Mouget, 2016 (Gastineau et al.
201243, 2016, 20214; Prasetiya et al. 2019b). So far, the difference in the density of
longitudinal striae between H. berepwari and H. pseudostrearia seems to be the
most reliable morphological character to distinguish between both species.

Evidences for a ‘pseudostrearia-like’ clade among the genus Haslea

When they described H. pseudostrearia, Massé et al. (2001) noted its similari-
ties to H. ostrearia, which influenced their choice of the name. At that time, their
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Figure 7. Maximum Likelihood phylogenetic tree obtained from concatenated align-

ments of three protein coding genes from 133 species of diatoms. The tree was rooted
with Triparma pacifica. The subtree containing the 14 species of Haslea spp. is shown.

conclusions were based solely on morphology, as no molecular analyses were
conducted. Later, the genetic proximity between these two species was assessed
by the nuclear 18S-inferred phylogeny of Damsté et al. (2004) and, to some extent
the plastidic 16S-inferred phylogeny of Poulin et al. (2004). However, two points
need to be underlined. First, the sampling of properly identified Haslea spp. was
of four taxa in Damsté et al. (2004). Poulin et al. (2004) identified six taxa at
the species level plus one labelled as ‘Haslea sp.. None of these studies includ-
ed more than one single blue species, as it predates the description of Haslea
karadagensis Davidovich, Gastineau & Mouget in 2012 (Gastineau et al. 2012a).
It should be noted that in Poulin et al. (2004), with an increased sample of spe-
cies, H. pseudostrearia clusters with the aforementioned Haslea sp. As a molec-
ular marker, 16S has not been widely employed among diatoms, so comparisons
were limited until complete plastid genomes had been published. Out of curiosity,
the 16S gene of this Haslea sp. (AF514851) was submitted to a megablast query.
It appears that after itself, the best result returned is H. berepwari (1324/1332 bp
identical), before H. pseudostrearia SCCAP K-1594 (1321/1332 identical) or H. os-
trearia (1320/1332 bp identical). There is limited information available regarding
this Haslea sp., except that it originates from the Bay of Bourgneuf, France (Poulin
et al. 2004). In the absence of further data on this strain, we can only hypothesize
that there may be several species, worldwide and from very distinct environments,
that could belong to a ‘pseudostrearia-like’ clade, warranting further investigation.
The three-genes tree provides additional support to this hypothesis. Indeed, the

PhytoKeys 255: 215-234 (2025), DOI: 10.3897/phytokeys.255.144697 296



Fiddy Semba Prasetiya et al.: Haslea berepwari sp. nov. from New Caledonia

two strains ascribed to H. pseudostrearia, although clustering together, are char-
acterized by an important genetic distance between them, consequently larger
than what can be observed between the two strains of H. silbo or the three strains
of H. karadagensis and even more important than the distance separating H. os-
trearia from H. provincialis. We hope that in the future, we will be able to investi-
gate more ‘pseudostrearia-like’ taxa, with the same protocol as employed here.

Biodiversity of New Caledonian diatoms

The study of freshwater diatoms in New Caledonia can be traced back to the early
20t century (Pearson et al. 1922), at a time where the only available tool would
be LM. With the development of SEM, the flora had been reinvestigated by Pr.
René Le Cohu (1985), who, along with colleagues, continued to explorer the fresh-
water taxa (Le Cohu et al. 2018, 2020a, 2020b; Marquie et al. 2018). In contrast,
research on marine diatoms has been more recent, relatively limited and was con-
ducted by Dr. Catherine Riaux-Gobin and colleagues. Similar to the current article,
their studies have highlighted the biodiversity of this region, sometimes leading
to the description of new species and genera (Riaux-Gobin et al. 2022a, 2022b).
New Caledonia also possess a coral reef, and such environments are known to
host very diverse diatom assemblages (Risjani et al. 2021). For all these reasons,
we might advocate for a more systematic investigation of New Caledonian dia-
tom biodiversity. Such investigations should employ a protocol that integrates
morphological and molecular (if not genomic) analyses. This approach would
enhance our general knowledge on South Pacific diatoms and contribute to the
development of accurate and reliable databases for coastal biomonitoring. Addi-
tionally, it is worth noting that this diatom was isolated from an aquaculture facili-
ty, and such facilities could also benefit from the bioprospection of local diatoms,
for example, as feed sources for larval stages of artificially grown organisms
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Abstract

Eumachia brevipedunculata is a newly-identified species of the tribe Palicoureeae of
Rubiaceae from Yunnan, China. It is morphologically similar to E. straminea, but dif-
fers by its smaller stipules, shorter petioles, smaller leaf blades, reduced inflorescences
with shorter peduncles, axes and pedicels, longer calyx lobes, yellow-green flowers with
shorter corolla tubes and shorter anthers. This species is widely found in southern Yun-
nan, but has long been misidentified as Psychotria. We clarify its taxonomic status and
provide a description and illustration here.

Key words: Flora, Indo-China, new taxon, Psychotria, Psychotrieae

Introduction

The pantropical genus Eumachia DC. (Rubiaceae, Palicoureeae) is characterised
by the following characteristics: raphides in the tissues; shrub or small tree hab-
it; smooth branchlets; flattened young shoots and young internodes; opposite
leaves, drying yellowish-green; interpetiolar stipules that are persistent or fall by
fragmentation, usually united around the stem, generally glandular when young,
but becoming indurated and yellowed to ochre when old; terminal inflorescences
with green to white axes and typically short bracts; white to cream or yellow-
ish-green corollas with valvate aestivation; usually barbate throats; pyrenes adax-
ially plane to concave, with marginal preformed germination slits and lacking eth-
anol-soluble pigments; non-ruminate endosperm (Andersson 2001; Taylor 2005;
Barrabé et al. 2012; Taylor et al. 2017). In contrast, its close relative Psychotria
L. features vegetative parts drying reddish-brown to grey, deciduous stipules and
pyrenes containing ethanol-soluble pigment (Andersson 2001; Davis et al. 2001;
Barrabé et al. 2012; Taylor et al. 2017; Razafimandimbison and Rydin 2024).

The genus Eumachia was established in 1830, with the type species being
E. carnea (G.Forst) DC. (de Candolle 1830). Since then, the genus has been treat-
ed as a synonym of Psychotria (Robbrecht 1988, 1993), though the characteris-
tics of E. carnea do not match the latter. More recently, studies based on molecu-
lar phylogeny and morphology resurrected the genus Eumachia and transferred
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it from the tribe Psychotrieae to Palicoureeae (Barrabé et al. 2012; Barrabé and
Davis 2013; Applequist 2014; Razafimandimbison et al. 2014). Some compre-
hensive combinations and treatments were subsequently made, expanding the
circumscription of Eumachia (Barrabé et al. 2013; Delprete and Kirkbride 2015;
Taylor et al. 2017). So far, 86 species have been reported in the genus, ranging
from Palaeotropical to Neotropical (POWO 2025). Only four species are known
from continental Asia (Taylor et al. 2017; Turner 2018). Two species E. montana
(Blume) I.M.Turner and E. straminea (Hutch.) Barrabé are currently known in Chi-
na (Wilson 1916; Chen and Taylor 2011; Taylor et al. 2017; Bijmoer et al. 2024).

Through our study of Psychotria in China, we identified a species extensively
collected across southern Yunnan and Laos. However, it does not correspond to
any previously recognised taxa. A thorough morphological analysis and consulta-
tions of relevant literature and specimens indicate that this species shares char-
acteristics with Eumachia and is new to science. While it is similar to E. straminea
in features such as its glabrous stems, papery (when dried) and elliptic-lanceo-
late leaf blades with 6—8 pairs of secondary veins and terminal inflorescences, it
can be distinguished by its smaller stipules, leaf blades and inflorescences and
by differences in the floral parts, as outlined in the conclusions below.

We described and illustrated the new Eumachia species here, including for-
mal nomenclatural and morphological details, an explanation of the epithet,
selected photographs, an overview of its habitat and phenology and a com-
parison with similar species that may be confused. Additionally, we included
data on studied specimens, a preliminary conservation assessment following
the IUCN Red List Categories and Criteria (IUCN 2012; IUCN Standards and
Petitions Committee 2024) and notes on its distinctive morphological charac-
teristics and ecological traits.

Materials and methods

The materials studied were derived from living plants collected in the field and
herbarium specimens deposited at Xishuangbanna Tropical Botanical Garden
(HITBC). To identify the morphological differences with related species, we
examined specimens from the Herbaria K, MO, NY, P, IBK, IBSC, LE, A, E etc.,
through online databases including JSTOR Global Plants (https://plants.jstor.
org/), CVH (https://www.cvh.ac.cn/), NSII (http://www.nsii.org.cn/) and GBIF
(https://www.gbif.org/). Descriptions were based on morphological observa-
tions and measurements of living plants and herbarium specimens.

Taxonomy

Eumachia brevipedunculata Y.H.Tan & D.L.Quan, sp. nov.
urn:lsid:ipni.org:names:77360587-1
Fig. 1

Type. CHINA ¢ Yunnan Province: Xishuangbanna Dai Autonomous Prefecture,
Mengla County, Menglun Township, Xishuangbanna Tropical Botanical Garden,
tropical rain forest, 21°54'52.51"N, 101°15'25.92"E, 579 m a.s.l., 13 May 2024,
flowering, D.L.Quan & Y.H.Tan TYH3288 (holotype, HITBC0115875!; isotypes,
HITBC0115876!, HITBC0115877!).
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2mm

2mm

Figure 1. Eumachia brevipedunculata Y.H.Tan & D.L.Quan A habitat B habit C stipules D leaves E flower showing calyx,
hypanthium and corolla F inflorescence G front view of long-styled flower H interior view of longitudinally opened long-
styled flower | abaxial and adaxial surface of stipule J inflorescence K front view of short-styled flower L interior view of
longitudinally opened short-styled flower M front view of calyx lobes and disc N abaxial and adaxial view of longitudinally
opened calyx O longitudinal section through hypanthium, disc and calyx P abaxial view of opened corolla Q infructes-
cence R fruits at different developmental stages S cross-section of fruits, showing pyrenes and seeds T ventral (left) and
dorsal (right) view of pyrenes. Photographs by Dong-Li Quan.
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Diagnosis. Eumachia brevipedunculata is morphologically similar to E. stra-
minea, but can be distinguished by its smaller stipules (ca. 2 mmvs. 2.5-6 mm
long), shorter petioles (0.5-1.2 cm vs. 1-2 cm long), smaller leaf blades (5-
18 x 2—-8 cm vs. 10—-25 x 4-10 cm); smaller inflorescences (1-1.2x 1-1.2 cm
vs. 1-4 x 1-2.5 cm) without developed axes (vs. axes 3—10 mm long), shorter
peduncles (up to 0.5 cm vs. 1-1.5 cm long), shorter pedicels (up to 1.5 mm
vs. 1.5-4 mm long); longer calyx lobes (0.5-1.5 mm vs. up to 0.5 mm long),
linear-lanceolate to narrowly ligulate calyx lobes (vs. denticulate), shorter corol-
la tubes (1-1.5 mm vs. 1.5-2 mm long), yellowish-green corolla (vs. white to
cream) and shorter anthers (ca. 0.5 mm vs. ca. T mm long).

Description. Shrubs, 0.5-2.5 m tall, branched; stems terete, glabrous; inter-
nodes flattened. Leaves opposite, without domatia; petiole 0.5-1.2 cm long,
glabrous; leaf blade concavo-convex, elliptic to lanceolate, 5-18 x 2-8 cm,
green, often paler abaxially, adaxially somewhat shiny in life, drying papery, gla-
brous on both surfaces, base cuneate to attenuate, apex acute to acuminate,
margins flat or slightly undulant, usually thinly revolute; secondary veins 6—8
at each side of the mid-rib, free or forming a weakly- to a well-developed loop-
ing submarginal vein, adaxially costa thickened to prominent and secondary
veins sometimes prominent, abaxially costa and secondary veins prominent,
remaining venation flat; stipules persistent or falling by fragmentation with per-
sistent portion becoming indurated and yellow to ochre, interpetiolar to shortly
fused around stem or forming a sheath, ca. 2 mm long, triangular to ovate,
with 2 costae bearing 2 lobes, lobed to 1/4-1/2, lobes subulate with glandular
tip, abaxially glabrous, adaxially at base with well-developed drying red-brown
colleters. Inflorescences terminal, cymose, congested, subglobose to corymbi-
form, 1-1.2 x 1-1.2 cm, branched to 1-3 orders without developed secondary
axes, generally 3- to 15-flowered, glabrous, subsessile to shortly pedunculate
with peduncle up to 5 mm long; bracts narrowly triangular, ca. 0.5 mm long,
pubescent to glabrescent outside, apex obtuse; pedicels up to 1.5 mm long.
Flowers 5-merous, rarely 4- or 6-merous, usually bent down, distylous; hypan-
thium obconic, ca. 1.5 mm long, glabrous; calyx green to brown, glabrous, limb
ca. 0.5 mm long, lobes 0.5-1.5 mm long, lobes linear-lanceolate to narrowly
ligulate, apex obtuse; corolla yellowish-green, campanulate, tube 1.5-2.5 mm
in diameter, 1-1.5 mm long and slightly shorter than half the corolla length, gla-
brous outside, inside white villous in throat, lobes valvate in bud, ovate, 2-2.5 x
1-1.5mm, adaxially rostrate, abaxially smooth, apex obtuse, bent inwardly; sta-
mens glabrous, in long-styled form 1.5-2 mm long, slightly exserted from corol-
la tube, in short-styled form 2.5-3 mm long, completely exserted from corolla
tube; anthers elliptic to oblong, obtuse, dorsifixed, ca. 0.5 mm long, always ex-
serted from corolla tube; filaments in long-styled form 1-1.5 mm long, in short-
styled form 2-2.5 mm long; stigmas 2-lobed, lobes ca. 0.2 mm long; style erect,
clavate; style and stigma in long-styled form 2-2.5 mm long, can exceed 1/2
of the corolla tube, but is never exserted from the corolla tube, in short-styled
form 1.5-2 mm long, equal in length to or partially exserted from corolla tube;
ovary inferior, 2-celled, ovules 1 in each cell, disc glabrous. Fruit drupaceous,
fleshy, ellipsoid to subglobose, 0.6—-1 cm in diameter, stipitate, glabrous, black
at maturity, not reddening, ribbed when dried, calyx lobes persistent; pyrenes
2, hemispherical, bony, dorsally convex with granulose ornamentation or 1-5
shallowly ribbed, ventrally plano-concave, with marginal preformed germina-
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tion slits, without ethanol-soluble pigments; seeds ellipsoid to hemispherical,
4.5-6 x 5-7 mm; endosperm fleshy, non-ruminate.

Phenology. Flowering from April to July, fruiting from June to April.

Etymology. The specific epithet ‘brevipedunculata’ refers to the new species’
distinguishing feature of reduced inflorescences with short peduncles, axes and
pedicels. Its Chinese name is given as %5 /5 i A (Pinyin: dudn xu rou péi mu).

Habitat and distribution. This species thrives in tropical rainforests and hu-
mid evergreen broadleaf forests at 500-1200 m a.s.l. It has been collected
from 23 locations in Yunnan and one site in Laos (Fig. 2).

Preliminary IUCN Conservation status. According to the current distribution of
Eumachia brevipedunculata, the species is found in 23 locations in Yunnan and
Laos. Eumachia brevipedunculata relies heavily on the formal conservation of pri-
mary habitat. More than 10 locations are situated within well-protected nature re-
serves or rainforests. However, some populations are located at the edge of these
reserves or near roads, making them vulnerable to threats such as vegetation clear-
ance, destruction by livestock or construction activities. The subpopulations are
dispersed and relatively small in size and area, with an estimated total population
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Figure 2. Distribution of Eumachia brevipedunculata Y.H.Tan & D.L.Quan.
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of about 4,500 individuals. The extent of occurrence (EOQ) for E. brevipedunculata
is 41,638 km? and the area of occupancy (AQO) is 88 km?, as calculated by Shiny-
GeoCAT (Moat et al. 2023). Based on the IUCN Red List Categories and Criteria
(IUCN 2012), notably on the number of locations and the EQQ, this species quali-
fies for classification as Least Concern (LC).

Notes. Eumachia brevipedunculata features persistent or marcescent
stipules, preformed germination slits, lacks ethanol-soluble pigments in the
pyrenes and has a yellowish-green drying colour, which are general character-
istics of the tribe Palicoureeae. In Eumachia, fruits are typically orange to red
when ripe; however, the fruits of E. brevipedunculata and E. straminea are black.
However, colourful fruits, for example, red, blue, white or black, are known to
occur in Palicoureeae. Eumachia is not easy to diagnose morphologically be-
cause some characteristics were found to be widely variable, such as the stip-
ule type (fused into a tube), the stem texture (smooth or corky), the structure
of the inflorescences (lax to subcapitate), the shape of the pyrenes (abaxially
smooth to ribbed and adaxially plano-concave to having one or two longitudi-
nal grooves), the type of endosperm (entire to variously ruminate) (Andersson
2001, 2002; Razafimandimbison et al. 2014; Taylor et al. 2017; Taylor 2020;
Santos et al. 2021). Moreover, the yellowish-green drying colour of the vege-
tative parts is generally regarded as a typical and diagnostic characteristic of
Eumachia contrasted with reddish-brown to grey in Psychotria (Barrabé et al.
2012; Taylor et al. 2017). However, some studies considered that the colour of
the dried leaves varies considerably with how the specimen was prepared and
conserved (Taylor 2020; Taylor et al. 2023). All these variations increase the dif-
ficulty of intergeneric and interspecific identification of Eumachia. While these
characteristics may be homoplasious and not necessarily diagnostic, they re-
main taxonomically useful (Taylor 2020). Additional taxonomically informative
features of Eumachia include chemical constituents, the development of tertia-
ry and quaternary leaf venation, leaf anatomy and the morphology of domatia
and stomata (Taylor 2016; Berger et al. 2022).

Eumachia brevipedunculata is widely distributed in southern Yunnan, Chi-
na. It has long been misidentified as a Psychotria species, for example, as P.
straminea (synonym of E. straminea), P. henryi H.Lév., P. asiatica L., P siami-
ca Hutch. and so on. It is most similar to E. straminea (Fig. 3), but differs by
its smaller stipules and leaf blades, shorter petioles, reduced inflorescences
and differences in the floral parts such as longer calyx lobes, shorter corolla
tubes and anthers and yellow-green (vs. white-cream) flowers (Table 1). The
new Eumachia species is often confused with P. henryi because of the terminal
inflorescences, the subcapitate or congested cymose and subsessile inflores-
cences, but it is distinct by the broader and glabrous leaf blades, the abaxially
glabrous, persistent stipules, the undeveloped inflorescence axes, the smaller
bracts, the glabrous calyx, the yellowish-green and campanulate corolla, the
ovate and larger corolla lobes and the green-black and smaller fruits.

Additional specimens examined (paratypes). CHINA * Yunnan Province: Xi-
shuangbanna Dai Autonomous Prefecture: Mengla County: rainforest, 21°29'N,
101°34'E, 800 m a.s.l, 29 May 1982, flowering, expedition team 32655 (HIT-
BC0002822) - Mengla Township: Bubeng Village, 21°36'N, 101°35'E, 720 m
a.s.l, 27 April 1982, flowering, expedition team 31873 (HITBC0002825) + Men-
glun Township: forestry farm, 21°55'N, 101°15'E, 12 May 1975, flowering, PZ.Zhu
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Figure 3. Eumachia straminea (Hutch.) Barrabé, C.M.Taylor & Razafim A, B habit C stipule D infructescence E inflores-
cence F inflorescence of long-styled flowers in lateral view G inflorescence of long-styled flowers in front view H inflores-
cence of short-styled flowers in front view. Photographs by Xiao-Wen Liao (A-C, E-H) and Xiao-Dong Zeng (D).

Table 1. Morphological comparison of Eumachia brevipedunculata and E. straminea
(characters of E. straminea from Wilson (1916) and Chen and Taylor (2011) and the
examined type specimens M02536011 and M02536013).

Characters E. brevipedunculata E. straminea
Stipule length 2 mm 2.5-6 mm
Petiole length 0.5-1.2cm 1-2cm
Leaf size 5-18x2-8cm 10-25x4-10 cm
Inflorescence size 1-1.2 cm in diameter 1-4x1-2.5cm
Length of inflorescence axes ca.0-0.3cm 0.3-1cm
Peduncle length upto 5 mm 1-1.5cm
Pedicel length up to 1.5 mm 1.5-4 mm
Calyx lobe length 0.5-1.5mm up to 0.5 mm
Calyx lobe shape linear-lanceolate to narrowly denticulate

ligulate, apex obtuse

Corolla colour yellowish-green white to cream
Corolla tube length 1-1.5mm 1.5-2mm
Anther length ca.0.5mm ca.1mm

12612 (HITBC0002833) - in the Menglun sub-reserve of Xishuangbanna National
Nature Reserve, 21°56'N, 101°13'E, 650 m a.s.l., 11 August 1975, fruiting, G.D.Tao
13730 (HITBC0002839) - Xiaola highway 53 km, dry open forest on the mountain-
top, 21°58'N, 101°12'E, 900 m a.s.l., 22 October 1973, fruiting, PZ.Zhu 10402 (HIT-
BC0002834) - Qixiang, dry forest, 21°55'N, 101°15'E, 1200 m a.s.l., 23 May 1961,
flowering, Y.H.Li 3278 (HITBC0002828) - Chengzi Village, 21°52'N, 101°15'E, 20
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September 1972, fruiting, G.D.Tao 7035 (HITBC037229, HITBC0002836) * Mengx-
ing Village, ravine rainforest over limestone, 21°50'12.45"N, 101°24'45.25"E, 609
m a.s.l., 16 May 2021, flowering, J.W.Li 6870 (HITBC0075681) - Xishuangbanna
Tropical Botanical Garden: 21°54'52.69"N, 101°15'24.30"E, 576 m a.s.l., 24 Janu-
ary 2024, fruiting, D.L.Quan & Y.H.Tan TYH3271 (HITBC0121858) + 21°55'11.86"N,
101°16'4.19"E, 553 m a.s.l., 28 April 2024, flowering, D.L.Quan & Y.H.Tan TYH3280
(HITBCO121859) + 21°55'10.63"N, 101°16'7.14"E, 561 m a.s.l., 30 November
2024, fruiting, D.L.Quan TYH3299 (HITBC0121860) + 21°54'N, 101°15'E, 540 m
a.s.l, 2 January 1959, fruiting, Y.H.Li 213 (HITBC0002841) - 21°54'N, 101°15'E,
570 m a.s.l, 13 July 1959, fruiting, Y.H.Li 1602 (HITBC0002840) + 21°41'N,
101°25'E, 570 m a.s.l., 27 April 2011, flowering, J.X.Hu C420752 (HITBC0022962)
+ 21°41'N, 101°25'E, 570 m a.s.l,, 28 April 2011, fruiting, J.X.Hu C420196 (HIT-
BC0022961) * 21°41'N, 101°25'E, 570 m a.s.l,, 24 June 2009, fruiting, W.Q.Xiao
C400518 (HITBC0022957, HITBC0034323, HITBC0034324) + Guanlei Township,
near border, 21°35'5.88"N, 101°8'51.30"E, 596 m a.s.l., 29 April 2021, flowering,
J.W.Li 6636 (HITBC0075499) + on the way from Mengyuan Village to Longlin
Village, 21°38'37.89"N, 101°26'39.59"E, 1005 m a.s.l., 16 April 2021, flowering,
S.K.Peng P1341 (HITBC0076112) - Shangyong Township, Longmen Village,
21°18'4.84"N, 101°3316.03"E, 971 m a.s.l, 10 May 2019, flowering, S.S.Zhovu,
JH.Li & L.X.Wang G4-285 (HITBCXSBN002713) « Yiwu Township, beside the
river, 1000 m a.s.l, 9 December 2010, fruiting, J.T.Yin 1879 (HITBC0030358) -
Jinghong: Nabanhe, beside the river, 22°10'N, 100°40'E, 700 m a.s.l., 7 Novem-
ber 1988, fruiting, G.D.Tao 44896 (HITBC0002835) « Dadugang Township, Da-
huangba Village, tropical lowland rainforest, 22°17'24.64"'N, 100°51'34.40"E,
995 m a.s.l, 7 July 2019, flowering, J.W.Li 4857 (HITBC0035650) * Menglong
Township: Manyangguang Village, 21°39'N, 100°43'E, 16 October 1978, fruiting,
G.D.Tao 19704 (HITBC037215, HITBC037221, HITBC037231, HITBC0002838) -
Guanglong Mountain, 21°39'N, 100°43'E, 800 m a.s.l., 6 November 1958, fruiting,
S.W.Zhao 0169 (HITBC0002814) - Mengyang Township, in the Mengyang sub-re-
serve of Xishuangbanna National Nature Reserve, 22°17'25"N, 100°51'35"E, 992
m a.s.l, 7 July 2019, flowering, J.W.Li & L.Wang G3-788 (HITBC-XSBN001702) -
Puwen, Dakaihe, 22°35'N, 101°2'E, 840 m a.s.l.,, 14 August 1977, fruiting, G.D.Tao
16937 (HITBC0002837) - Lincang: Cangyuan County: Banhong Township, humid
ravine rainforest, 23°18'N, 99°6'E, 750 m a.s.l., 19 May 1974, flowering, Y.H.Li
11528 (HITBC0002827) « Pu ‘er City: Jiangcheng County: ravine rainforest beside
the Tuka River, 4 August 2011, fruiting, S.S.Zhou 710482 (HITBC0002897) « Simao
District: Nanping Township, Taiyanghe Provincial Nature Reserve, forest by the
ravine, 1 September 2011, fruiting, S.S.Zhou 70760 (HITBC0002787) Ximeng
County: Zhongke Township, near river, 22°49'28.47"N, 99°36'58.35"E, 854 m a.s.|.,
26 June 2020, flowering, D.PYe 1067 (HITBC0062765, HITBC0062766). LAOS *
Oudomxay Province: Beng Township: Nahom Village, sandy soil wet valley rain
forest, 880 m a.s.l., 3 November 1996, flowering, H.Wang 2392 (HITBC0002829).
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Abstract

Based on observations of living plants of Hydrocotyle calcicola in the field, together with
examination of herbarium specimens and descriptions of both H. calcicola and H. chi-
angdaoensis (including type material), we demonstrated that H. calcicola is a synonym
of H. chiangdaoensis. The species was previously compared with H. sibthorpioides; our
phylogenetic analysis revealed that H. chiangdaoensis and H. sibthorpioides belong to
different lineages, the former being closely related to the larger-leaved clade.

Key words: Hydrocotyle, synonym, taxonomy, Yunnan

Introduction

The genus Hydrocotyle Tourn. ex L. contains approximately 180 species (Plants
of the World Online, http://www.plantsoftheworldonline.org/). The native range
of this genus is cosmopolitan, with Australia, South America, and China as
three diversity distribution centers. Hydrocotyle was formerly a member of the
family Apiaceae, but was later transferred to Araliaceae based on molecular
phylogenetic studies (Chandler and Plunkett 2004; Plunkett et al. 2004; Nicolas
and Plunkett 2009). Subsequently, Wen et al. (2024) highlighted the indepen-
dent status of this genus within Apiales based on the analysis of chloroplast
genome data. All these analyses have suggested that the genus Hydrocotyle is
key to further study on the evolution of Apiales.

We have conducted a comprehensive study of Hydrocotyle in China and
found that there are 16 species, 2 varieties, and 2 subspecies in the country,
among which Yunnan Province is most species-rich (Sheh et al. 2005; Pimen-
ov 2017). Some species occurring in Yunnan were also found in adjacent ar-
eas, such as H. sibthorpioides Lam., H. javanica Thunb., and H. siamica Craib,
which were also found in Myanmar and Thailand (Watson and Smith 2004;
Pimenov 2017). Studies on Myanmar’s plant diversity have been conducted
in recent years. A newly recorded species of Hydrocotyle, H. chiangdaoen-
sis Murata, has been reported by Kang et al. (2018), which was formerly
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known to be endemic to Thailand. However, the photo of this species was
very similar to H. calcicola Y.H.Li, which was endemic to Xishuangbanna,
Yunnan Province, China (Sheh et al. 2005). Based on this, we conducted a
comparative study between the two species.

Hydrocotyle chiangdaoensis was recognized as a new species by G. Mu-
rata in 1973 and was described based on Murata G. et al. T-15040 (holo-
type KYO 00028951, Fig. 1A; isotypes KYO 00028952, AUU, Tl 00083127,
and L 0008361, Fig. 2A-D), collected in Doi Chiang Dao, Northern Chiang
Mai, Thailand (Murata 1973). In the protologue, Murata emphasized four
distinguishing features of H. chiangdaoensis — palmate-dissected stipules,
annual habit, not emitting any roots from the nodes, and limestone area en-
demic. Specifically, the annual habit was speculated because the stem and
branches have terminal inflorescences (Murata 1973).

A collection of this species from Doi Chiang Dao (M. Tagawa & K. Iwatsu-
ki T-4389, L.2583137) was reported by Hiroe as H. siamensis H. Wolff (1921)
(Hiroe 1967). The latter name is a synonym of H. siamica Craib (Craib 1911),
based on the same gatherings (Hosseus no. 192; E00000016, P00757659,
L.2595136, and M0168575). Hydrocotyle siamica was described with long pe-
duncled umbels (Umbellae axillarea, solitariae, pedunculo ad 10.5 cm. longo
brunneo-puberulo suffultae) and large leaves (Folia pentagona, vix vel fere ad
medium lobata, ad 9 cm. longa et 10 cm). The diagnostic characters of the
specimen L.2583137 (subsequently identified as H. chiangdaoensis) are quite
different from H. siamica, with short peduncled umbels and small leaves.
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Figure 1. Holotype sheets of Hydrocotyle chiangdaoensis (A) and H. calcicola (B). The arrows indicate the roots of the species.
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The oldest specimen of this species we found was collected by Kerr in 1922
(Kerr 6530, K005513556) from Doi Chiang Dao in Northern Chiang Mai, Thailand.
For nearly 100 years since then, this species has only been seen in Doi Chiang
Dao. Kang et al. (2018) made a new distribution record of this species in Ywan-
gan Township, Southern Shan State, Myanmar, when they conducted joint floris-
tic surveys of this area in 2017. Since then, it has not been seen anywhere else.

Hydrocotyle calcicola Y.H.Li was described on the basis of G.D.Tao 13671
(holotype HITBC0037397, Fig. 1B; and isotype KUN0467704, Fig. 3) from Ji-
luo Shan (according to textual research, it should be Jinuo Mountain), Jing-
hong City, Yunnan, China (Li and Zhang 1989). In the protologue, Li and Zhang
highlighted the features that set this species apart from H. sibthorpioides
Lam.: membranous leaves conspicuously covered with sparse spinous hairs,
umbels of cymes usually terminal with opposite leaves, short and slender pe-
duncles, umbels of 2-5 flowers, and mature fruits not purplish-spotted. Liou
(1997) treated H. calcicola as a variety of H. sibthorpioides due to the weak
difference only focused on flowers and fruit. This treatment has not been ac-
cepted by Flora of China (Sheh et al. 2005), because the habitat of H. calcicola
was very special. It was noted in the protologue that the habitat of H. calcicola
was also limestone, and the stipules were irregular, i.e. very similar to H. chi-
angdaoensis. Upon comparing the original descriptions of the two species,
we found that many features of both were similar, with only minor differences
in the descriptions of their life forms, roots, and fruit. Hydrocotyle chiangd-
aoensis was described as “not emitting any roots from the nodes”, with “annu-
al habit” and “fruit broadly ovate, papillose-setulous, truncate or subcordate
at the base”; but H. calcicola was described as “perennial herbs”, “rooting at
nodes”, and “fruits subcordate, smooth on the outside, ribs conspicuously
convex”. However, the annual habit of H. chiangdaoensis was speculated on
the basis that the stem and branches have terminal inflorescences, which
were also a feature of H. calcicola (Murata 1973; Li and Zhang 1989). We
suggested that H. calcicola might be a synonym for H. chiangdaoensis based
on their similar traits and the order of publication years.

This study aimed to determine the identity of H. calcicola and elucidate the
distribution and morphological variation of H. chiangdaoensis. Our research
was conducted mainly on observations of herbarium specimens (including the
type material) and living plants in the field. The phylogenetic tree was recon-
structed to determine the phylogenetic placement of H. chiangdaoensis.

Materials and methods
Morphological analysis

For morphological comparisons, we thoroughly examined specimens or
high-resolution images of related Hydrocotyle Tourn. ex L. from the following
herbaria: AAU, ANUB, AU, BC, BJM, BKF, BM, CAL, CDBI, CSFI, CSH, CZH, E, FJS],
G, GFS, GH, GNUG, GXMG, GZTM, HGAS, HITBC, HNWP, HZ, IBK, IBSC, IMC,
IMDY, JIU, JJF, K, KUN, KYO, L, LBG, LE, M, MA, MPU, MW, NAS, NY, P, PE, PEY,
QNUN, SANU, SM, SYS, Sz, SZG, TAI, TI, TNS, US, WCSBG, WU, WUK, XBGH,
XZ, ZY. Two populations of H. calcicola were observed in the field, one from
the type locality (Jinuo Mountain, Jinghong City, Yunnan) and another from
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Figure 3. Isotype sheet of Hydrocotyle calcicola. The arrows indicate fruit (a) and root (b) of the species.
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Ning’er County, Pu’er City, Yunnan. A comprehensive analysis of old herbarium
specimens and fresh materials collected during our fieldwork was presented
as the result of morphological comparisons.

Phylogenetic analysis

The complete chloroplast genomes were used to reconstruct the phylogenetic
trees of the genus Hydrocotyle according to the analysis of Wen et al. (2024).
A sample of H. calcicola from Pu'er was newly sequenced using the lllumina
Novaseq 6000 platform at Novogene (Beijing, China), with paired-end reads
2 x 150 bp. The chloroplast genome was assembled using NOVOPIlasty v4.3.3
(Dierckxsens et al. 2017). The assembled sequence was checked and anno-
tated under Geneious Prime 2023.2.1 (created by the Biomatters development
team, Ltd.), and was subsequently uploaded to the National Center for Biotech-
nology Information (NCBI) with accession number PV094900.

A total of twelve taxa from the genus Hydrocotyle have been sampled for
phylogenetic analysis, including nine species. Two species from Apiaceae were
selected as outgroups [Dickinsia hydrocotyloides Franch., and Eryngium camp-
estre L.]. The whole genome sequence matrix was generated from MAFFT v7
(Katoh and Standley 2013). Two methods were employed to conduct phyloge-
netic analysis: Bayesian inference (BI) and maximum likelihood (ML). The best-
fit model “GTR + | + G” was recommended by jModelTest v2.1.4 (Darriba et al.
2012). The ML analysis was performed by RAXML v8.2.4 (Stamatakis 2014).
Rapid bootstrap analysis was implemented using 1000 bootstrap replicates to
search for the best ML tree. MrBayes v3.2.7a (Ronquist et al. 2012) was em-
ployed to conduct the Bl analysis. Two independent Markov chain Monte Car-
lo (MCMC) runs were performed, each with three heated chains and one cold
chain for 10,000,000 generations. The average standard deviation of split fre-
quencies should approach zero. Each run started with a random tree, sampling
trees every 1000 generations, with the initial 25% discarded as burn-in. The pos-
terior probability (PP) and bootstrap support (BS) were used to measure the
supports of the phylogenetic tree implemented under Bl and ML, respectively.
The final trees were viewed and edited in FigTree v1.4 (Rambaut 2012).

Results and discussion

Thetype materials of Hydrocotyle chiangdaoensis (Figs 1A, 2) are small erect herbs,
leaves cordate-orbiculate, gradually smaller above, slightly hairy above towards
the veins, glabrous beneath, palmately 7-lobed, lobes usually 3-toothed, teeth ob-
tuse, blades (0.6)1-2(2.5) cm long, (0.7)1.5-2.5(3) cm wide; petioles (0.7)1.5—
3.5(5) cm long; stipules membranous flabellate-orbiculate, 1-5 mm wide, pal-
mately dissected; umbels terminal or axillary of the branch or opposite the leaves
of the branches, terminal cymose umbels 2-3, thin peduncles 0.5-6 mm long,
umbel 2-4 flowers, pedicels very short, membranous bracts minute ovate-lance-
olate; petals ovate-lanceolate; fruit broadly ovate, 1-1.2 mm long, papillose-setu-
lous, base truncate or subcordate, stylopodia shortly conoid, short styles reflexed
at the end. The root system of this species was described as “not emitting any
roots from the nodes” in the protologue. However, we found that some individuals
have roots growing from two or three nodes at the base (Fig. 2A-C).
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Type specimens of H. calcicola (Figs 1B, 3) have shown that this species was
rooting only at nodes of the basal stem and never elsewhere, the same as H. chi-
angdaoensis. The holotype of H. calcicola has membranous leaves subrounded
or cordate, conspicuously covered with sparse spiny hairs above, glabrous be-
neath, cordate at the base, 5-7-lobed at the apex, lobes broadly obovate, crenate
at the margin, 6—8 palmate nerves, 0.5-1.5 cm long, 0.7-2.5 cm wide; petiole
0.7-3 cm long, glabrous; stipules small, kidney-shaped, thinly branched, irregu-
larly; cymose umbels usually terminal with opposite leaves, umbels 2-3, slender
peduncles not quite equilong, laterals about 1 cm long, middle 1-2 mm long,
umbel 2-5 flowers, flowers sessile, bracts ovate-lanceolate, about T mm long,
membranous; petal ovate, about 0.5 mm long, white, filaments equal to or slightly
shorter than the petal, anthers ovate; style about 0.2 mm long; fruits subcordate,
1-1.3 mm long, 0.8-1.2 mm wide, flat on both sides, smooth or with papillose
setae on the outside, ribs conspicuously convex (Fig. 1B). Fruits with papillose
setae were also discovered in the isotype (Fig. 3). These morphological features
were corroborated through field observations of living plants in Jinuo Mountain,
Jinghong City, Yunnan (Fig. 4), the type locality of H. calcicola. At the same time,
after observing live plants in the type locality, we found that the young fruits
are sometimes smooth, but most fruits have papillose setae in the furrow. The
additional observations of living plants in Pu’er show that most of the traits of
this population were consistent with the description of H. calcicola, including
habitat, roots, leaves, stipules, terminal umbels, and fruits (Fig. 5). Our analysis
added some additional information about this species. Two types of stipules
in this population were observed, one irregularly divided and one palmately dis-
sected (Fig. 5B). The latter form is the same as that of H. chiangdaoensis. Two
petal numbers (4 and 5) have been observed in this population, marking the first
time such numbers have been reported in Hydrocotyle.

In our examination of the type specimens (Figs 1B, 3) and field observation
(Figs 4, 5) of H. calcicola, particularly concerning critical diagnostic charac-
ters, such as roots, leaves, stipules, inflorescence, and fruits, no significant
differences were observed when compared to H. chiangdaoensis. In conclu-
sion, H. calcicola is morphologically indistinguishable from H. chiangdaoensis.
Therefore, we propose to synonymise H. calcicola with H. chiangdaoensis.

As previously noted, H. calcicola was compared with H. sibthorpioides by
its discoverers (Li and Zhang 1989) and subsequently treated as a variety of
the latter (Liou 1997). When we examined the specimens, we also found that
the specimens of H. calcicola were often misidentified as H. sibthorpioides by
various researchers. Thus, we here provide a detailed morphological compar-
ison between the two species in Table 1, Fig. 6. The results show that there
are clear morphological distinctions (especially in roots, inflorescences, and
mericarps) between the two species. The phylogenetic analysis based on the
chloroplast genome was implemented to clarify the relationship between these
two species. Phylogenetic trees reconstructed by Bl and ML methods both re-
covered a stable topology within the genus Hydrocotyle with strong support.
Within the genus, H. chiangdaoensis and H. sibthorpioides were located in two
different branches (Fig. 7). Two accessions of H. chiangdaoensis were gath-
ered together, forming a sister branch of the larger-leaved clade (Clade I, Wen et
al. 2024). The results of the morphological and phylogenetic analyses confirm
that H. chiangdaoensis and H. sibthorpioides are different taxonomic entities.
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Figure 4. Hydrocotyle chiangdaoensis in the wild (China, Yunnan, Jinghong, Mountain Jinuo, the type locality of H. calci-
cola) A habitat B habit, with the arrows indicating stipule (a) and leaf epidermal spines (b) C the terminal inflorescence,
with the arrows indicating cymose umbels (c) and fruit (d). Photographed by Ren-Bin Zhu.

Taxonomic treatments

Hydrocotyle chiangdaoensis Murata, Acta Phytotax. Geobot. 25: 97. 1973.
Common name. £ Ll K #2% [Pinyin: shi shan tian hu sui]

= Hydrocotyle calcicola Y.H.Li, Guihaia 9: 25. 1989. = Hydrocotyle sibthorpioi-
des var. calcicola (Y.H.Li) S.L.Liou, Fl. Yunnanica 7: 363. 1997. Type: CHINA.
Yunnan, Jinghong City, Jinuo Mountain, 11 August 1975, G.D.Tao 13671 (ho-
lotype: HITBC0037397; isotype: KUN0467704).

Type. THAILAND. Northern Chiang Mai, 26 September 1971, Murata G. et
al. T15040 (holotype: KY000028951; isotype: KY000028952, L000836T1;
TI00083127; AAU). Figs 1A, 2.
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Figure 5. Hydrocotyle chiangdaoensis in the wild (China, Yunnan, Pu’er) A plant, with the arrow indicating root B stipules
C, D flowers E fruit F the terminal inflorescence G leaf H habitat. Photographed by Jun Wen.

Etymology. This species is currently found only in limestone areas, so we
have retained the Chinese name £ 11 K#H=% [Pinyin: shi shan tian ha sui] of
Hydrocotyle calcicola.
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Table 1. Morphological comparisons between Hydrocotyle sibthorpioides and H. chiangdaoensis.

Habitats
Roots

Stems

leaves

Stipules
Inflorescences

Rays of umbels
Bracteoles

Umbellules
Flower

Mericarps

H. chiangdaoensis
limestone areas, shady and moist places

rooting only at nodes of the basal stem and never
elsewhere

erect or ascending, slender, branched, with
ascending branches 2-20 cm long

membranous leaves subrounded or cordate,
palmately 5-9-lobed, conspicuously covered
with sparse spiny hairs above towards the veins,
glabrous beneath

membranous, thin, palmate-dissected or
irregularly dissected, without spots

umbels usually solitary at the nodes, with terminal
cymose umbels

terminal 2-3, axillary 1
membranous, ovate-lanceolate, minute

2-5-flowered, sessile flowers

filaments equal to or slightly shorter than the
petals, petals 4-5

broadly ovate or subcordate, papillose-setulous
or sometimes smooth on the outside, ribs
conspicuously convex; not easy to separate
when mature

H. sibthorpioides
forests, wet grassy places, stream banks
rooting at the nodes

weak, slender, filiform, creeping, diffusely branched

membranous, leaf blade reniform-rounded, base cordate,
crenate, shallowly 5-7-lobed or nearly entire, variably hairy,
adaxially glabrous and abaxially sparsely strigose along veins,
or sometimes both surfaces glabrous or densely puberulous

membranous, entire or irregularly lobed, with purplish stains
umbel solitary at the nodes

1

ovate to ovate-lanceolate, membranous, with bright yellow
glands
5-8-flowered

filaments equal to or slightly longer than the petals, petals 5

broadly globose, greenish-yellow when young, glabrous,
covered with purplish stains when mature, intermediate ribs
very prominent; easily separated when mature

Figure 6. Fruits of Hydrocotyle sibthorpioides (China, Hunan, Zhangjiajie, NAS00638796) and H. chiangdaoensis (China,
Yunnan, Pu’er) A, B fruits of H. sibthorpioides C, D fruits of H. chiangdaoensis.

Description. Herbs, 15-60 cm tall, glabrous. Stems erect or ascending, slen-
der, branched, with ascending branches 2-20 cm long, rooting only at nodes
of the basal stem and never elsewhere. Membranous leaves subrounded or
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d : /97 H. dielsiana OR767307

h:[ * H. pseudoconferta OK585058
—

[ — 1

Clade 1

H. hookeri subsp. chinensis OR767308

*
— l H. nepalensis MT561038

» I—H. chiangdaoensis PV094900

I—H. chiangdaoensis OM288647

{H. slbthorplaides OR767311
< H. sibthorpioides NC_035502 Clade II

H. sibthorpioides var. batrachium OR767310]

—.:H'. verticillata NC_015818
& H. verticillata OR767312

Clade III

H. leucocephala OR767309
5 I—chktnsla hydrocotyloides MT423729

I—Eryugimn campestre OK585059

Figure 7. Phylogenetic tree inferred from 14 whole chloroplast genome sequences. Support values marked above the
branches follow the order Bayesian inference (PP, posterior probability) / maximum likelihood (BS, bootstrap support),
* represent the best support (100%).

cordate, gradually smaller above, palmately 5-9-lobed, lobes usually crenate at
the margin, conspicuously covered with sparse spiny hairs above towards the
veins, glabrous beneath, 0.5-4.5 cm long, 0.7-4 cm wide. Petiole 0.7-3.5 (5) cm
long, glabrous. Stipules membranous flabellate-orbiculate, 1-5 mm wide, pal-
mate-dissected or irregularly. Terminal umbels cymose, umbels 2—-3, and usually
solitary at the other nodes; slender peduncles not quite equaling, 0.5-10 mm
long; umbel 2—5-flowered, sessile; bracts ovate-lanceolate, about 1 mm long;
petals ovate-lanceolate, about 0.5 mm long, white, 4 or 5; membranous filaments
equal to or slightly shorter than the petals; anthers ovate; style about 0.2 mm
long. Mericarps broadly ovate or subcordate, 1-1.3 mm long, 0.8—-1.2 mm wide,
with papillose setae in the furrow or sometimes smooth on the outside, ribs con-
spicuously convex. The mericarps are not easy to separate when mature.

Distribution. China (Yunnan: Jinghong, Lincang, Pu'er), Myanmar (Southern
Shan State: Ywangan Township), and Thailand (Chiang Mai).

Habitat. The species grows on limestone at elevations of 1300-2175 m
above sea level, always in dense evergreen forests, shady and moist places.

Phenology. Flowering and fruiting from July to November.

Additional specimens examined. CHINA. Yunnan Province ¢ Jinghong City, Jin-
uo Mountain, 21°59'N, 101°05'E, alt. 1490 m, 11 August 1975, G.D.Tao 13671 (HIT-
BC081533,KUN0467704) - Lincang City, Yongde County, 24°09'27.3"N,99°14'58"E,
alt. 1923 m, October 2015, LiYL7395 (KUN1372015) - Pu’er City, Lancang County,
26 September 1993, Y.Y.Qian 3024 (HITBC0122528) « Pu'er City, Ning'er Coun-
ty, 23°04'12.74'N, 101°01'43.3"E, alt. 1733-1840 m, 23 August 2023, WJ2361
(NAS00714697-NAS00714702) - Pu'er City, Ning'er County, 23°04'22.6"N,
101°01'37.7"E, alt. 1798 m, 28 September 2020, D.PYe 1994 (HITBC0063922,
PE02521420) - Pu'er City, Ximeng County to Lancang County, 22°45'N, 99°40'E, alt.
1900 m, 24 October 1989, G.D.Tao et al. 39828 (HITBC0122527, KUN0462683).
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MYANMAR. Southern Shan State ¢ Ywangan Township, 21°13'50.2"N,
96°31'03.7"E, alt. 1372 m, 6 October 2017, Kim et al. MM-6405 (HHU).

THAILAND. Chiang Mai ¢« Doi Chiang Dao, alt. 1300-1900 m, 27 September
1971, G. Murata et al. T-15147 (K005513596, L.2583778, P03259185) * Doi
Chiang Dao, alt. 1900-2175 m, 14 September 1967, T. Shimizu et al. T-10125
(K005513595, L.2583136) * Doi Chiang Dao, alt. 2000 m, 16 July 1958, Th.
Sgrensen et al. 4172 + Doi Chiang Dao, alt. ca. 17700 m, 3 November 1922,
A.F.G. Kerr 6530 (K0O05513556) * Doi Chiang Dao, 18 October 1926, no. 412
(K005513592) - Doi Chiang Dao, alt. 1400-1800 m, 5 January 1966, M. Tagawa
& K. Iwatsuki T-4389 (L.2583137) « Doi Chiang Dao, alt. 1975 m, 10 November
1995, J.F. Maxwell 95-1157 (Topotype, L.4214318).

Note. Hydrocotyle chiangdaoensis has been recorded in China, Myanmar, and
Thailand. This species is well characterized by its palmate-dissected or irregular
stipules, cymose terminal umbels, and papillose-setulous fruits. This species is
restricted to limestone areas. Hydrocotyle chiangdaoensis differs from H. sib-
thorpioides typically by its roots only growing at nodes of the basal stem and
never elsewhere, with terminal cymose umbels and papillose-setulous fruits.
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