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Abstract

We present a molecular DNA phylogeny utilizing four plastid regions (rps716-trnK spac-
er, rps16 intron, rpl32-trnL spacer, ndhA intron) and the nuclear ribosomal internal tran-
scribed spacer (ITS) region, investigating 123 species of subtribe Sporobolinae. We also
aimed to assess the generic limits of Sporobolus, characterize possible subgeneric rela-
tionships among species in the genus, and identify hypothesized reticulation events. The
core Bayesian tree, based on combined and congruent plastid and ITS regions, is well
resolved, and 11 sections within a monophyletic Sporobolus are strongly supported. We
describe a new genus, Hyalolemma, with two species and include a key; erect two new
sections within Sporobolus, S. sect. Acinifolii and S. sect. Thellungia; and make three new
combinations, Hyalolemma compactum, H. somalensis, and Sporobolus collinus. The
names Eragrostis collina Trin. and Sporobolus compactus Clayton are lectotypified.

Resumen

Presentamos una filogenia molecular de ADN utilizando cuatro regiones plastidiales
(espaciador rps16-trnK, intrén rps16, espaciador rpl32-trnL e intrén ndhA), asi como la
region nuclear del espaciador transcrito interno ribosomal (ITS) para investigar 123 es-
pecies de la subtribu Sporobolinae. También nos propusimos evaluar los limites genéri-
cos de Sporobolus, caracterizando posibles relaciones subgenéricas entre las especies
del género e identificando eventos hipotéticos de evolucion reticulada. El arbol baye-
siano principal, derivado de la combinacién de regiones plastidiales e ITS congruentes,
presenta una buena resolucion. Se respaldan firmemente las 11 secciones dentro de
un Sporobolus monofilético. Describimos un género nuevo, Hyalolemma, con dos espe-
cies incluyendo una clave; establecimos dos nuevas secciones dentro de Sporobolus, S.
sect. Acinifolii y S. sect. Thellungia; y creamos tres nuevas combinaciones, Hyalolemma
compactum, H. somalensis, y Sporobolus collinus. Los nombres Eragrostis collina Trin. y
Sporobolus compactus Clayton fueron lectotipificados.
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Introduction

The genus Sporobolus R. Br. (dropseed) includes approximately 220 species
worldwide and is placed in subtribe Sporobolinae Benth., tribe Zoysieae Benth.,
and subfamily Chloridoideae Kunth ex Beilschm. (Soreng et al. 2022). Spo-
robolus is characterized by single-flowered spikelets (rarely 3-27-flowered),
1-veined (occasionally 3-veined) lemmas, fruits with free pericarps (commonly
swelling and mucilaginous when wet, forcibly ejecting the seed), and ligules
that are a line of hairs or a ciliate membrane (Peterson et al. 2003, 2004, 201443;
Giraldo-Caiias and Peterson 2009).

The most compelling subgeneric classification of Sporobolus was based on
a phylogeny derived from DNA sequence data (of 144 Sporobolus species), us-
ing four plastid regions (rp/32-trnL, ndhA, rps16-trnK, rps16) and one nuclear
marker (ITS), ultimately recognizing 11 sections and 11 subsections (Peterson
et al. 20144, b). This classification was somewhat controversial, since it sub-
sumed within Sporobolus three long-established genera: Calamovilfa (A. Gray)
Hack. ex Scribn. & Southw., Crypsis Aiton, and Spartina Schreb.; and two
multi-flowered species: Eragrostis advena (Stapf) S.M. Phillips [= Thellungia ad-
vena Stapf = Sporobolus advenus (Stapf) PM. Peterson] and E. megalosperma
F. Muell. ex Benth. [= S. megalospermus (F. Muell. ex Benth.) PM. Peterson].
A recent phylogenomic analysis of Sporobolus, using nuclear Angiosperm353
probes and whole plastomes based on a smaller sample (16 species), con-
firmed the monophyly of Sporobolus, with Spartina [S. sect. Spartina (Schreb.)
P.M. Peterson & Saarela] and Crypsis [C. sect. Crypsis (Aiton) PM. Peterson] as
derived clades within Sporobolus (GPWG Ill 2024). It is interesting to note that
Stapf (1920) indicated that the new species (Thellungia advena) found among
wool refuse near the Derendingen Mill in Switzerland “was found to be very like
that of a Sporobolus but distinguished by the presence of several (mostly three
and sometimes four) florets in each spikelet.”

We continue to advance the concept of core phylogeny and its usefulness,
especially in phylogenetic studies of large genera with complex relationships
among their members using conventional genetic data such as cpDNA and ITS
nrDNA sequences. We consider a core phylogeny to represent an evolutionary
pattern among species based only on direct descent, excluding taxa or individu-
als with genomes of multiple origins. Following this concept in our phylogenetic
studies, we split the analysis into two main phases. First, we develop a phyloge-
netic tree using only the “core” set of available taxa or individuals presumably
having a single origin. Then, we rerun the analysis with the addition (usually one
taxon at a time) of taxa or individuals with genetic data (plastid or nuclear) for
which multiple origins were detected. This taxon duplication approach (Pirie et
al. 2008; Pelser et al. 2010; Soreng et al. 2010; Peterson et al. 2015a, 2016, 2020,
2021, 2025) uses the core phylogeny as a framework to test the affinities of spe-
cies based on different types of genetic data. Eventually, these affinities can be
characterized, providing inferences about species origins and geographical dis-
tribution. In most cases, a core phylogeny demonstrates a better-developed to-
pology of the species and stronger support for phylogenetic groups compared
to previous studies, as seen in Agrostis L. and Calamagrostis Adans. (Saarela
et al. 2017; Peterson et al. 2021, 2025). We attribute this to the elimination of
incongruent data from analysis, including confounding ITS data that likely result
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from incomplete genomic introgression, gene flow, or incomplete concerted
evolution. The tendency of nrDNA to homogenize during different stages of ge-
nomic introgression and to reflect to varying degrees the affinities with paren-
tal species is well documented (Fuertes Aguilar et al. 1999; Bailey et al. 2003;
Liu et al. 2020; Wang et al. 2023). Compared to low-copy gene analysis, ITS
data can sometimes indicate an intermediate position for hybrid species, i.e.,
between the locations of presumable parental taxa (Romaschenko et al. 2013),
or provide an erroneous phylogenetic position for such species due to putative
long branch attraction (Peterson et al. 2021). Of particular interest is the forma-
tion of strongly supported ITS groups with shared morphological features that
encompass species with divergent plastid lineages (Peterson et al. 2021). We
identify these as “floating ITS groups” because they often show little affinity to
other clades, while their inclusion in the analysis may weaken backbone support
(e.g., the Deschampsiagrostis group of Calamagrostis; see Peterson et al. 2021).
Though the origin of floating ITS groups is ambiguous, it might involve the fol-
lowing processes: hybridization between species representing distant lineag-
es; extensive gene flow between hybrid and parental populations; incomplete
genomic introgression and formation of confounding (via homogenization) ITS
sequences; separation and geographical isolation of individuals with similar
confounding ITS sequences and distinct plastid sequences; reduction of gene
flow; and the formation of new species and subsequent evolutionary diversifica-
tion. We found it useful to test our phylogenies for the presence of floating ITS
groups, since these clades often share morphological characteristics that are
important descriptors of their evolutionary history (Wang et al. 2023).

In our previous phylogeny of the Sporobolinae (Peterson et al. 2014a), we
listed two incertae sedis categories: one species, Sporobolus somalensis
Chiov., outside of Sporobolus, and 13 species with uncertain affinities within
the genus. In this paper, we take a closer look at the basal lineage consisting
of Sporobolus acinifolius Stapf, S. albicans Nees, and S. tenellus (A. Spreng.)
Kunth. We also track species that exhibit incongruent ITS versus plastid marker
alignment, such as S. consimilis Fresen., S. robustus Kunth, S. scabridus S.T.
Blake, and S. tourneuxii Coss.; and species in S. sect. Crypsis and S. subsect.
Subulati PM. Peterson. Additionally, we include two more multi-flowered spe-
cies, Eragrostis collina Trin. from Persia and Sporobolus ramigerus (F. Muell.)
P.M. Peterson, Romasch. & R.L. Barrett from Australia, to test their affinities,
and include Sporobolus compactus Clayton, an ally of S. somalensis (Clayton
1970; Barrett et al. 2020).

Material and methods
Taxon sampling

We sampled 135 individuals representing 122 species (55%) of Sporobolus. A
complete list of taxa, including authorities, voucher information, and GenBank
numbers, is presented in Appendix 1. Most of these DNA sequences were previ-
ously published in GenBank and were initially used in Peterson et al. (2014a). We
include 18 new sequences in GenBank, representing two species, Eragrostis col-
lina and Sporobolus niliacus (Fig. & De Not.) P.M. Peterson, both extracted from
herbarium specimens housed in the United States National Herbarium (US).
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We designed our study to characterize relationships among species of Spo-
robolus and relatives, principally in the Sporobolinae Benth. (including Psilolem-
ma S.M. Phillips), and including an outgroup from the Zoysiinae Benth. (Uro-
chondra C.E. Hubb. and Zoysia Willd.) (Peterson et al. 2014a; Soreng et al. 2022).

Phylogenetic methods

All procedures related to the sequencing of the plastid and ITS regions were
performed in the Laboratory of Analytical Biology at the Smithsonian Institu-
tion. Detailed methods for DNA extraction, amplification, and sequencing are
given in Romaschenko et al. (2012) and Peterson et al. (20104, b, 2012, 2014a,
20154, b, 2016). We used Geneious Prime v.2020.1.4 (Kearse et al. 2012) for
contig assembly of bidirectional sequences of the rps16-trnK spacer, rps16
intron, rp/32-trnL spacer, ndhA intron, and ITS regions, and MUSCLE (Edgar
2004) to align consensus sequences and adjust the final alignment. Phylo-
genetic trees were constructed from the three combined cpDNA and nrDNA
datasets (see Appendix 1) using partitioned maximum likelihood analysis im-
plemented in IQ-TREE 2 (Minh et al. 2020; Chernomor et al. 2016). The best-fit
evolutionary models for partitions were inferred using ModelFinder Plus (MFP;
Kalyaanamoorthy et al. 2017) based on the Akaike Information Criterion. In the
partition model used for maximum likelihood analysis, we specified a substi-
tution model for each DNA region (rps16—-trnK spacer, rps16 intron, rp/32—-trnL
spacer, ndhA intron, and ITS; see Table 1), allowing each partition to have its
own evolutionary rate. Support was assessed using the approximate Bayes
test (aBayes; Anisimova et al. 2011) and 10,000 bootstrap replicates (BS; Fel-
senstein 1985). Support values with aBayes = 0.95 and BS = 95% were inter-
preted as strong support.

Principles and phases of phylogenetic reconstruction

Phylogenetic reconstructions were performed in three main phases. The first
phase included preliminary Bayesian and bootstrap analyses (trees from pre-
liminary searches not shown), designed to detect hard incongruences between
ITS and plastid data; construction of the preliminary core phylogeny; individual
testing of specimens with incongruences against the preliminary core phylog-
eny; and construction of the final core phylogeny (Fig. 1). The second phase
(Fig. 2) included a series of individual searches for the incongruent species to

Table 1. Characteristics of the five regions, rps16-trnK, rps16 intron, rpL32-trnL, ndhA intron, ITS, and parameters used in
phylogenetic analyses indicated by Akaike information criterion (AIC).

Total aligned characters
Number of sequences/success
Parsimony informative sites
Optimal log-likelihood

Substitution model

rps16-trnK | rps16 intron = rpL32-trnL ndhA intron pcl::snt}lc)lirc]i:?a ITS Overall
975 964 937 1236 4112 798 4910
118 (87.4%) 119 (88.1%) = 135(100%) & 99(73.3%) 471 (87.2%) | 135(100%) 606 (89.8%)
166 134 194 212 706 401 1107
-3803.1 -3396.8 -4442.9 -5304.4 -12989.6
TVM+F+G4 GTR+F+ TPM3u+F+ | TPM3u+F+ SYM+I+G4

1+1+R2 1+1+R2 1+1+R2
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Figure 1. Core Bayesian tree inferred from combined plastid (rp/32-trnL, ndhA, rps16-trnK, rps16) and ITS sequences of
the Sporobolinae with Hyalolemma and Psilolemma and Sporobolus showing sectional classification including S. sect.
Acinifolii with geographic distribution (color). Thick black branches in the phylogram indicate a bootstrap of 95-100 and/
or an aBayes of 0.95-1.00. Scale bar = 1% substitutions per site.
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OUTGROUP )
Psilolemma

Hyalolemma gen. nov.

Acinifolii sect. nov.

Eragrostis collina Nikitin 368~
| Eragrostis collina Davis 46876 Sporobolus collinus comb. nov.

sect. Sporobolus

Eragrostis collina Rechinger 1048 | == SRR SRR ~
Eragrostis collina Field 303 2 PLcs
Sporobolus —————————————————— sect. Triachyrum

Sporobolus consimilis
Sporobolus robustus  1TS4

Sporobolus helvolus ITSs
Sporobolus humilis subsp. minor
Sporobolus mitchelli
Sporobolus niliacus (intro)
Sporobolus aculeatus Soreng 7940
Sporobolus schoenoides (intro)
Sporobolus aculeatus Soreng 5469
Sporobolus alopecuroides

sect. Crypsis

collina Nikitin 368 ~

collina Davis 46876 | Sporobolus collinus comb. nov.
Eragrostis collina Rechinger 1048

Eragrostis collina Field 303

1 Peterson 14338

1 Sporobolus ramigerus Peterson 14357

Sporobolus advenus Belson 1930 o L -—=—=—==-=
Sporobolus advenus Lazarides 4185 Thellungia sect. nov.

Sporobolus megalospermus Lazarides 4215

Sporobolus megalospermus Blake 6966

Sporobolus megalospermus Lazarides 5647 ITSc

sect. Fimbriati
sect. Virginici —————Sporobolus virginicus

Sporobolus pungens

Sporobolus humilis subp. minor
Sporobolus robustus  PL41,B1

sect. Pyramidati
—————— Sporobolus consimilis P42

Sporobolus ruspolianus
Sporobolus helvolus. PL32
Sporobolus mitchellii

Sporobolus aculeatus Soreng 7940 .. .
Sporobolus niliacus

Sporobolus alopecuroides
Sporobolus aculeatus Soreng 5469
Sporobolus schoenoides

sect. Crypsis

sect. Airoides
sect. Cryptandri

Sporobolus buckleyi

palmeri
Sporobolus megalospermus Blake 6966

Sporobolus megalospermus Lazarides 4215
Sporobolus megalospermus Lazarides 5647
Sporobolus ramigerus Peterson 14338
Sporobolus ramigerus Peterson 14357
Sporobolus advenus Belson 1930

Sporobolus advenus Lazarides 4185 PLc2

sect. Clandestini
sect. Calamovilfa

/

North American Clade

sect. Spartina 001
—— OUTGROUP
Psilolemma
— Hyalolemma gen. nov.
Acinifolii sect. nov.
sect. Sporobolus
Sporobolus tourneuxii PLp -
sect. Triachyrum
sect. Fimbriati
tourneuxii [TSp —/
Sporobolus sect. Virginici
Sporobolus spicatus subsect. Spicati

Sporobolus uniglumis
Sporobolus microprotus

Pt o subsect. Subulati

[~ Sporobolus subulatus -~
1 Sporobolus verdcourtii ITSE

/
Sporobolus nitens
Sporobolus australasicus
Sporobolus actinocladus
Sporobolus caroli
Sporoboluis scabrdus WIPILE) - -----------7==-=================mnna-- .

S subsect. Actinocladi

2
=3

Pyramidati

Sporobolus ludwigii

P subsect. Subulati )

— [ Sporobolus subulatus - - - -
Sporobolus verdcourtii RISy |

Sporobolus domingensis
Sporobolus coromandelianus
Sporobolus pyramidatus
Sporobolus coahuilensis
Sporobolus contractus
Sporobolus ioclados
Sporobolus scabridus ~ [TSp  --------- .

Sporobolus centrifugus
Sporobolus cordofanus

subsect. Pyramidati

Africa & Arabia

B sect. Airoides Sporobolus marginatus
Sporobolus airoides !
\ Sporobolus wrightii Central Asia
Sporobolus spiciformis
Sporobolus splendens East Asia

Sporobolus ozarkanus  PLG -

sect. Cryptandri

Sporobolus buckleyi
Sporobolus palmeri
Sporobolus compositus

Sporobolus ozarkanus [ TSG—'

Australia & Pacific

/

North American Clade Europe & Mediterranean

eyd .
sect. Clandestini Sporobolus clandestinus North America
Sporobolus vaginiflorus
sect. Calamovilfa South America
sect. Spartina 0.01

Figure 2. Reticulate origins of species within Sporobolus showing sectional classification and geographic distribution (color).
Thick black branches in the phylogram indicate a bootstrap of 95-100 and/or an aBayes of 0.95-1.00. Scale bar = 1% sub-
stitutions per site. A. Origins of Eragrostis collina (= Sporobolus collinus), S. advenus, S. megalospermus, and S. ramigerus (=
S. sect. Thellungia); Sporobolus sect. Crypsis, S. consimilis, S. humilis subsp. minor, S. oxylepsis, and S. robustus; B. Origins of
Sporobolus kentrophyllus, S. subulatus, and S. verdcourtii (= S. subsect. Subulati); S. ozarkanus, S. scabridus, and S. tourneuxii.
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identify the correct affiliation of their ITS and plastid sequences, added inde-
pendently to the core matrix using the taxon duplication approach. The third
phase involved identifying patterns among discordant splits between the ITS
and plastid data and constructing overall phylogenies representing putative af-
finities of the incongruent ITS and plastid sequences tested against the core
phylogeny. Procedurally, the three-phased core phylogenetic analysis using the
taxon duplication approach is described in Peterson et al. (2025).

Assessment of incongruence and data-combining strategy

Combining all congruent data provides better resolution of phylogenetic trees,
strengthens support for nodes, and maximizes the informativeness and ex-
planatory power of the character data used in the analysis (Huelsenbeck and
Cunningham 1996). The plastid and ITS topologies resulting from Bayesian and
bootstrap analyses were inspected for conflicting nodes with support values
of aBayes = 0.95 and/or BS = 95%. If no supported incongruences were found,
plastid and ITS sequences were combined and used in the core phylogenetic
analysis (Fig. 1). This analysis (combined plastid and ITS sequences) included
a subset of Sporobolus species representing 11 sections and 11 subsections
classified in Peterson et al. (2014a), two unclassified species of Sporobolus
(S. compactus and S. somalensis), Psilolemma jaegeri (sister to Sporobolus),
Eragrostis collina, and outgroups Zoysia japonica Steud. and Urochondra setu-
losa (Trin.) C.E. Hubb. (Zoysiinae). These two outgroup species were selected
because they occur within the Zoysieae and have been shown to be sister to the
Sporobolinae (Peterson et al. 2010a, 2014a).

Taxon duplication approach

A taxon duplication approach (Pirie et al. 2008; Gillespie et al. 2010; Pelser et al.
2010; Soreng et al. 2010; Peterson et al. 2015a, 2016, 2020, 2021, 2025) was ap-
plied to 26 specimens representing 19 species for which incongruence between
plastid and ITS data was detected (sets 2A and 2B, Appendix 1). Each of these
specimens was assigned two entries in the matrices: one containing only ITS
and one containing only plastid sequences. This technique allowed us to identify
the placements of the incongruent ITS and plastid sequences in the context of
the Sporobolus core phylogeny. To avoid mutual influence of confounding ITS se-
quences, each specimen was analyzed separately before being assigned to one
of two expanded datasets (sets 2A and 2B), each including samples with a similar
pattern of incongruence between ITS and plastid data representing characteristic
ITS/plastid discordant splits. The number of specimens added to the core data-
set (dataset 1: 105 specimens) to form the extended datasets was as follows:
dataset 2A — 20 specimens; dataset 2B — 10 specimens. The outgroups in the
expanded sets included the same species used in the core phylogeny (Fig. 1).

We used this taxon duplication approach to resolve our phylogenetic tree,
minimizing the diffusing effects of taxa with strongly supported incongruence
between plastid and ITS data, while still showing the placements of the plastid
and ITS sequences in relation to the taxa in the core phylogeny. This allowed
us to hypothesize multiple origins and elucidate complex evolutionary histories
within phylogenetic groups.
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Results
Phylogenetic analyses

Eighteen sequences (18/608 = 3%) in our study are newly reported in GenBank,
and 97% (590/608) are previously published sequences (Appendix 1) gener-
ated for earlier studies (Peterson et al. 2010a, 2012, 2014a). Ten point four
percent (70/671) of the sequences (ITS and plastid) in our dataset are missing.
Total aligned characters for individual regions and other parameters are shown
in Table 1.

Core phylogeny

The core Bayesian tree, based on combined, congruent plastid regions (rps76-
trnK spacer, rps16 intron, rpl32-trnL spacer, ndhA intron) and ITS, is well re-
solved, and 11 sections within a monophyletic Sporobolus (including the new
section Acinifolii) are strongly supported (BS = 95-100; aBayes = 0.95-1.00)
(Fig. 1). The first split within Sporobolus includes three species—Sporobolus
acinifolius, S. albicans, and S. tenellus (S. sect. Acinifolii, the new section) from
Africa—which are sister to the remaining species in the genus. The next split
includes species in sect. Sporobolus [including the type S. indicus (L.) R. Br)]
from Africa, Australia, and the Western Hemisphere, and these are sister to
the remaining species. The following split consists of two strongly supported
clades (BS = 95-100; aBayes = 0.95-1.00): one with four sections, resolving as
(Triachyrum (Hochst. ex A. Braun) Veldkamp (Fimbriati Veldkamp (Pyramidati
P.M. Peterson + Virginici Veldkamp))), sister to a clade of five sections, resolv-
ing as (Airoides (Torr.) PM. Peterson + Cryptandri PM. Peterson) (Clandestini
P.M. Peterson (Calamovilfa (A. Gray) PM. Peterson + Spartina (Schreb.) PM.
Peterson & Saarela)). The latter five-section clade includes species mainly from
North America (the “North American clade”), whereas the four-section clade
includes species from Africa, the Western Hemisphere, Australia, and Europe.
Sister to Sporobolus in our core tree is a strongly supported clade (BS = 97,
aBayes = 0.95) that includes two accessions of Psilolemma jaegeri + (Spo-
robolus compactus + S. somalensis) (Fig. 1). The latter two species are ge-
netically variable, with two nucleotide substitutions in ITS, seven nucleotide
substitutions in the plastid markers, and five insertion/deletion events in the
plastid markers, ranging from 2-46 nucleotide gaps. They are morphologically
distinct, differing in lower glume shape and length and in upper glume length.

Phylogenetic trees with taxon duplication (including species with
incongruent ITS and plastid sequences)

The taxon duplication trees (Fig. 2A, B) provide insight into plastid- and ITS-
based relationships among Sporobolus species with incongruent plastid and
ITS data.

Based on plastid markers, four accessions of Eragrostis collina (PLC1)
form a clade sister to the remaining Sporobolus species after the split of sect.
Sporobolus (Fig. 2A). Based on ITS, these same four accessions of E. collina
are sister to S. ramigerus (S. advenus + S. megalospermus). Together, these four
species form a strongly supported clade (ITSC), which is weakly supported as
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sister to Sporobolus sect. Crypsis (Aiton) PM. Peterson (ITSB). Two members
of sect. Crypsis collected in North America, Sporobolus niliacus (Fig. & De Not.)
P.M. Peterson (Baja California, Mexico) and S. schoenoides (L.) PM. Peterson
(California, USA), are introductions. The native distribution of species in sect.
Crypsis is Africa, Arabia, and Asia. The E. collina + (S. ramigerus (S. advenus +
S. megalospermus)) clade is morphologically distinct in having multi-flowered
spikelets, unlike most Sporobolus species. Based on plastid markers, S. mega-
lospermus and S. advenus + S. ramigerus (PLC2) form a grade between the S.
buckleyi Vasey + S. palmeri Scribn. clade and sect. Clandestini (Fig. 2A), all native
to North America (American clade). Based on ITS, the S. consimilis + S. robustus
clade (ITS)) is placed between sects. Triachyrum and Crypsis (Fig. 2A). Based
on plastid data, S. robustus is sister to S. humilis subsp. minor Veldkamp (PL,,
5;) and is embedded in sect. Virginici, with S. humilis subsp. minor coming from
sect. Crypsis (ITS,), whereas S. consimilis aligns as sister to sect. Crypsis (PL,,).

Based on plastid markers, S. tourneuxii (PL,) is sister to four sections re-
solving as (Triachyrum (Fimbriati (Pyramidati + Virginici))), whereas based on
ITS (ITS,), S. tourneuxii is sister to sects. Virginici + Pyramidati (Fig. 2B). The S.
kentrophyllus (K. Schum. ex Engl.) Clayton + (S. subulatus Hack. -S. verdcourtii
Napper) clade aligns in different locations within S. sect. Pyramidati: sister to
subsect. Actinocladi P.M. Peterson (ITS,) and embedded within subsect. Pyra-
midati PM. Peterson (PL,). Likewise, S. scabridus S.T. Blake aligns in different
locations within S. sect. Pyramidati: sister to S. caroli Mez in subsect. Actino-
cladi (PL,) and sister to S. centrifugus (Trin.) Nees+ S. cordofanus (Hochst. ex
Steud.) Coss. -S. marginatus Hochst. ex A. Rich. (ITS,) in subsect. Pyramidati.
Sporobolus ozarkanus Fernald [= S. vaginiflorus var. ozarkanus Fernald] aligns
in different locations: sister to S. splendens Swallen (PL,) in sect. Airoides and
sisterto S. clandestinus (Biehler) Hitchc. + S. vaginiflorus (Torr. ex A. Gray) Alph.
Wood (ITS,) in sect. Clandestini.

Taxonomy

Hyalolemma P.M.Peterson, Romasch. & Soreng, gen. nov.
urn:lsid:ipni.org:names:77367026-1

Type. Hyalolemma somalensis (Chiov.) PM. Peterson, Romasch. & Soreng =
Sporobolus somalensis Chiov.

Description. Cushion forming perennials, arising from stout, branching sto-
lons densely clothed in imbricate cataphylls below, innovations extravaginal.
Culms 6-30 cm tall, erect. Leaf sheaths open for most of their length, glabrous
or with pustulate-based hairs, the hairs up to 3 mm long, hyaline; ligules <
0.-4 mm long, a line of hairs; blades 0.5-8 cm long, 1.2-2.2 mm wide, flat,
stiff, glaucus, and pungent, sometimes with pustulate hairs scattered along the
margin. Inflorescence a panicle 2-13 cm long, 2-7 cm wide, ovate, diffuse,
branches capillary. Spikelets 1.2-2.2 mm long, 1-flowered, lanceolate, later-
ally compressed to subterete; glumes shorter to as long as spikelet, hyaline;
lower glumes 0.3-1.2 mm long, orbicular to narrowly oblong, apex obtuse to
erose; upper glumes 0.7-2 mm long, 1-veined, oblong, apex obtuse; lemmas
1.2-2 mm long, oblong to ovate, 1- or 3-veined, when 3-veined the lateral veins
only visible on lower % to %, hyaline, apex obtuse to truncate, often erose and
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minutely ciliate; paleas 2-veined. Flowers perfect; lodicules 2; anthers 1-2 mm
long, 3, purplish; ovary glabrous. Caryopses 1.2—1.6 mm long, elliptic, brownish
with a free pericarp.

Etymology. The name is derived from the Greek “hyalos,” meaning hyaline or
transparent, combined with lemma (Greek).

Distribution. Hyalolemma comprises two species found in northeastern Af-
rica in Ethiopia and Somalia.

Key to the species of Hyalolemma

1 Lower glumes 0.3-0.5 mm long, orbicular; upper glumes as long as the

SPIKEIET ... H. compactum
- Lower glumes 0.5-1.2 mm long, narrowly oblong; upper glumes 1/2-2/3
as long as the spikelet ...........oooooiiiiiiii H. somalensis

Hyalolemma compactum (Clayton) P.M.Peterson, Romasch. & Soreng,
comb. nov.
urn:Isid:ipni.org:names:77367028-1

Sporobolus compactus Clayton, Kew Bull. 25(2): 248. 1971. Type: Somalia [Brit-
ish Somaliland], Erigavo, 5500 ft, ubiquitous on plains, 26 Sep 1938, A.S.
Mckinnon S.89 (lectotype, designated here: K000365246 [image!]; isolecto-
types: K000365245 [image!], US-1815148!).

Hyalolemma somalensis (Chiov.) P.M.Peterson, Romasch. & Soreng, comb. nov.
urn:Isid:ipni.org:names:77367029-1

Sporobolus somalensis Chiov., Annuario Reale Ist. Bot. Roma 6: 169. 1896. Type:
Somali Ogaden, 7 Aug 1891, L. Robecchi-Brichetti 485 (holotype: FT000424
[image!]; isotype: G00022752 [image!]).

= Sporobolus variegatus Stapf, Kew Bull. 1907: 218. 1907. Type: Somalia, Somalil-
and, found occasionally in small quantities between Veoholle and Upper Sheikh,
Jul 1903, [Lieutenant Colonel] Appleton s.n. (holotype: K000365243 [image!]).

Sporobolus sect. Acinifolii P.M.Peterson, Romasch. & Soreng, sect. nov.
urn:lsid:ipni.org:names:77367030-1

Type. Sporobolus acinifolius Stapf, Fl. Cap. 7: 581. 1900.

Description. Mat forming perennials with elongated and much branched or
short rhizomes, innovations intravaginal. Culms 6—43 cm long with 1-5 nodes,
glabrous. Leaf sheaths open for most of their length; ligules 0.2—-0.3 mm long, a
line of hairs; blades 0.5-12 cm long, 1-3 mm wide, flat, glabrous, apex obtuse to
acuminate, occasionally with cartilaginous margins. Inflorescence a panicle 2-15
cm long, open with effuse to capillary or sometimes dichotomously branched
or spiciform with loosely ascending branches. Spikelets 1-2.5 mm long, 1-flow-
ered, lanceolate, subterete; glumes shorter to as long as the spikelet, 1-veined,
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hyaline or sometimes membranous; lower glumes 0.25-0.5 as long as upper
glumes; upper glumes 0.5-1 as long as the floret, apex acute to obtuse; lemmas
1-2.5mm long, 1- or 3-veined, ovate, membranous, apex obtuse to acute; paleas
2-veined. Flowers perfect; lodicules 2; anthers 0.7-1.9 mm long; ovary glabrous.
Caryopses 0.8—-1.1 mm long, ellipsoid to globose, brownish with a free pericarp.
Species. Sporobolus acinifolius, S. albicans, S. tenellus.
Distribution. Southern Africa.

Sporobolus sect. Thellungia (Stapf) P.M.Peterson, Romasch. & Soreng, comb.
et stat. nov.
urn:lsid:ipni.org:names:77367032-1

Type. Sporobolus advenus (Stapf) P.M. Peterson, Taxon 63(3): 1232. 2014 =
Thellungia advena Stapf = Eragrostis advena (Stapf) S.M. Phillips.

Description. Caespitose perennials often with short to long rhizomes; innova-
tions mostly intravaginal. Culms 60—-300 cm tall, erect, sometimes geniculately
ascending. Leaf sheaths open for most of their length, glabrous, sometimes co-
riaceous near base; ligules 0.1-0.8 mm long, a line of hairs; blades 10-30 cm
long, (0.5-) 1-6 mm wide, flat to involute, sometimes convolute and filiform,
smooth, scabrous near the margins, glabrous. Inflorescence a panicle 5-50 cm
long, spiciform and contracted (S. advenus, S. megalospermus, sometimes S.
ramigerus) or open (S. collinus), diffuse, ovate. Spikelets 3-17 mm long, 2-15
(-27)-flowered, linear, lanceolate, ovate to oblong, occasionally cleistoga-
mous, sometimes with a rachilla extension (S. advenus); glumes shorter than
the spikelet, 1-veined; lower glumes 0.5-0.9 as long as the upper glume; up-
per glumes 1.25-4 mm long, apex acute to obtuse; lemmas 1.8—3 mm long,
3-veined, sometimes 1-veined, ovate or lanceolate, hyaline, membranous to
cartilaginous, often olive-green to dark greenish purple, apex acute, sometimes
obtuse to truncate; paleas 1/2 to as long as the lemma, 2-veined, with wide
flaps usually wider than the body and usually splitting along the midline; Flow-
ers perfect; lodicules 2, cuneate; stamens 3, anthers 0.3—2 mm long, usually
greenish; ovary glabrous. Caryopses 0.9-1.2 mm long, 3- or 4-angled, strongly
laterally compressed to ovoid, globose, sometimes stipitate (S. ramigerus) with
a free pericarp.

Species. Sporobolus advenus, S. megalospermus, S. ramigerus, and one
more below.

Distribution. Australasia and Central Asia.

Sporobolus collinus (Trin.) P.M.Peterson, Romasch. & Soreng, comb. nov.
urn:lsid:ipni.org:names:77367031-1

Eragrostis collina Trin., Mém. Acad. Imp. Sci. St.-Pétersbourg, Sér. 6, Sci. Math.
1(4): 413. 1830 = Poa collina (Trin.) K. Koch, Linnaea 21(4): 405. 1848, nom.
illeg. hom., non Poa collina Host. = Poa tatarica Fisch. ex Griseb., Bess. Cat.
Krzem. Suppl. 2: 13. 1814, nom. nud. = Eragrostis tatarica (Fisch. ex Griseb.)
Nevski, Trudy Bot. Inst. Akad. Nauk S.S.S.R., Ser. 1, Fl. Sist. Vyssh. Rast.:
226. 1937 = Eragrostis tatarica (Fisch. ex Griseb.) Henrard, Blumea 3(3): 425.
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1940, isonym. Type: Persia, E deserto Rhymnico, Hbr. Gorenki, FE.L. Fischer
s.n. (lectotype, designated here: LE-TRIN-2319.06 [microfiche image!]).

= Aira arundinacea L., Sp. PI. 1: 64. 1753 = Festuca arundinacea (L.) Lilj., Utkast Sv.
Fl. (ed. 2): 47. 1798, hom. llleg, non Festuca arundinacea Schreb. = Poa arun-
dinacea (L.) Link, Hort. Berol. [Link] 1: 176. 1827 = Eragrostis arundinacea (L.)
Roshev., Fl. SSSR 2: 319. 1934 = Boriskellera arundinacea (L.) Terechov, Del.
Sem. Hort. Reg. Bot. Kujbyshev: 13. 1938 = Psilantha arundinacea (L.) Tzveley,
Bot. Zhurn. (Moscow & Leningrad) 53: 311. 1968. Type: Turkey, Aras Valley,
1100-1200 m, 19 Jul 1966, PH. Davis 46876 (neotype, designated by S.A. Ren-
voize in Cafferty et al. 2000, Taxon 49(2): 244: K; isoneotype: E, US-2597835!).

Notes. We are rejecting the earlier lectotype by Tzvelev (1976) in Zlaki SSSR
635. Nauka Publishers, Leningrad Section, Leningrad, designating Snowitz 5718
as the lectotype for Eragrostis collina because it was not mentioned by Trinius
in the original publication.

Discussion

The E. collina + (S. ramigerus (S. advenus + S. megalospermus)) clade is a bio-
geographically defined lineage occurring in Australia (S. advenus, S. megalosper-
mus, and S. ramigerus are endemic to southern Australia, including Queensland
and New South Wales) and extending to central and southwest Asia (Lazarides
1997; Palmer et al. 2005). Eragrostis collina is endemic to Iran, Irag, Crimea, Trans-
caucasia, central Asia around the Caspian and Aral seas to Kazakhstan and Kyr-
gyzstan, Turkistan, Uzbekistan (Syr-Darya), China (Xinjiang), Russia (Volga River
basin from Dagestan to Siberia), and eastern Syria and Turkey (Bor 1970; Tan
1985; Palmer et al. 2005; Chen and Peterson 2006). Morphologically, these three
species share multi-flowered spikelets with 2—27 florets and 3-veined (occasion-
ally 1-veined) lemmas, two characteristics that are uncommon among species
attributed to Sporobolus. The plastid lineage (PLC1) of Eragrostis collina may
have been donated through a hybridization event involving an unknown, extinct
ancient lineage characterized by ancestral states (e.g., multi-flowered spikelets)
from dry areas of eastern Asia, whereas the ITS (ITSC) signal clearly aligns as
sister to S. advenus + S. megalospermus, all with an Australasian biogeography
(Fig. 2A). Conversely, S. advenus and S. megalospermus may have received their
plastid lineage from a presumed species in the American clade (Fig. 2A). In Aus-
tralia, S. advenus and S. megalospermus are found in disturbed alluvial flats and
other disturbed sites, which could have facilitated a chloroplast capture event
from an American donor. Based on their ITS and morphological similarities, we
place the four species in S. sect. Thellungia and transfer E. collina to Sporobolus.

Resolution among species sharing ITS and plastid genes between S. sect.
Crypsis and S. sect. Virginici is more challenging. Based on ITS, the S. consimilis
+ S. robustus pair (ITSA), both primarily confined to Africa, shows that the latter
species received its plastid haplotype (PLA1, B1) from a species probably within
S. sect. Virginici, while S. consimilis received its plastid haplotype (PLA2) from
an ancient hybridization event with a probable member of S. sect. Crypsis. Spo-
robolus humilis subsp. minor, sister to S. mitchellii (Trin.) C.E. Hubb. in S. sect.
Crypsis (ITSB), subsect. Helvoli PM. Peterson, received its plastid haplotype from
a member of S. sect. Virginici, as it is sister to S. robustus (PLA1, B1). Previously,
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Peterson et al. (2014a) included S. humilis subsp. minor and S. robustus in S.
sect. Virginici due to shared morphological characteristics such as narrow,
densely spikeleted panicles or densely spikeleted primary branches (S. robus-
tus), upper glumes longer than the floret, and stoloniferous growth (Baaijens and
Veldkamp 1991). However, S. consimilis is still retained as incertae sedis, since it
never forms a clade within S. sect. Crypsis, although plastid markers place it as
sisterto S. sect. Crypsis (PLA2) (Fig. 2A). Morphologically, S. consimilis is a large
tussock-forming perennial with short underground rhizomes, sometimes forming
looping stolons. Its panicles have spike-like primary branches bearing closely ap-
pressed spikelets, and the upper glumes are longer than the floret (Clayton 1974).

The three species representing S. subsect. Subulati—S. kentrophyllus + (S. sub-
ulatus - S. verdcourtii)—are evidently reticulate in origin. They resolve within S.
sect. Pyramidati based on plastid data, with their plastid donor (PLE) likely a spe-
cies within S. subsect. Pyramidati PM. Peterson, where S. ioclados (Nees ex Trin.)
Nees was placed. However, based on ITS, the same clade (ITSE) is sister to S.
subsect. Actinocladi (Fig. 2B). These three species share the following morpho-
logical traits: caespitose perennials, often stoloniferous; panicles with whorled
primary branches bare on the lower one-quarter to one-half; lower glumes one-
third to three-quarters the length of the spikelets; upper glumes two-thirds to equal
the length of the spikelet; and ellipsoid caryopses 0.8-2 mm long (Peterson et al.
2014a). They occur from Africa to India, with S. kentrophyllus and S. verdcourtii
sometimes placed within S. ioclados (Plants of the World Online 2025).

The Australian species S. scabridus most likely received its plastid haplotype
(PLF) from a member of S. subsect. Actinocladi but possesses an ITS marker
similar to other members of S. subsect. Pyramidati (ITSF) (Fig. 2B). Morpho-
logically, S. scabridus resembles S. actinocladus (F. Muell.) F. Muell., S. caroli
Mez, and S. coromandelianus (Retz.) Kunth; all four species have quadrangular
caryopses that are smooth on the ventral surface, with an embryo about half the
length of the grain (Clayton 1974; Simon and Jacobs 1999). Species with African
origins are found in both subsects Actinocladi and Pyramidati, increasing the
likelihood of hybridization—particularly with the widespread S. coromandelianus.

Based on either plastid or ITS markers, Sporobolus tourneuxii does not align
within any existing section of Sporobolus (Fig. 2B). Broader sampling may re-
veal an affiliation with existing sections or subsections; otherwise, a new sec-
tion may be warranted. Sporobolus tourneuxii resembles S. respolianus Chiov.
morphologically, both having short and stout panicle branches with spikelets
crowded near the tips. However, the latter species has creeping stolons (Cope
1995; Phillips 1995). Both species occur along the Indian Ocean coastlines,
overlapping in the Arabian Peninsula and the Horn of Africa.

Within the North American clade, Sporobolus ozarkanus most likely received
its plastid haplotype (PLG) from S. splendens, its strongly supported sister in S.
sect. Airoides (Fig. 2B). Based on ITS, S. ozarkanus (ITSG) is sister to S. clan-
destinus + S. vaginiflorus. Sporobolus ozarkanus, originally described by Fernald
(1933) and later placed as a variety of S. vaginiflorus by Shinners (1954), is mor-
phologically distinct from S. vaginiflorus by having sparsely hairy sheath bases,
glumes longer than the florets, and 3-veined lemmas (Peterson et al. 2003). Spo-
robolus ozarkanus, S. clandestinus, and S. vaginiflorus are found in the central
and eastern United States and eastern Canada, whereas S. splendens is native
to central and southern Mexico (Espejo Serna et al. 2000; Peterson et al. 2003).
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We chose to recognize S. compactus and S. somalensis in a new genus, Hy-
alolemma, within the Sporobolinae, since together they are separated by a long
branch indicating extensive genetic divergence from Psilolemma. Morphologi-
cally, Psilolemma differs from Hyalolemma by having a spiciform inflorescence
composed of racemes arranged along a central axis; spikelets 3—3.8 mm long,
4-14-flowered; glumes membranous; lemmas 3-3.8 mm long with three con-
spicuous dark green veins, membranous; and caryopses 1.1-1.2 mm long
(Phillips 1974). Both genera are endemic to the Horn of Africa (Fish et al. 2015).

Although our sampling of Sporobolus species is incomplete, we can make
general observations about the biogeographical history of these grasses based
on their current distribution. Our phylogeny suggests that Sporobolus originat-
ed in Africa, since Psilolemma, Hyalolemma, and S. sect. Acinifolii (all basal
lineages) are from that region. The nearest sister group to the Sporobolinae-
Urochondra (Somalia, Sudan to NW India) + Zoysia (temperate and tropical
Asia, Australasia)-are members of the Zoysieae (Cope 1995; Phillips 1995;
Clayton et al. 2006). The Zoysieae clade has an estimated mean crown age of
19.27 (14-25.23) mya and stem age of 36.82 (34.5-39.68) mya (Gallaher et al.
2022). The ancestral area estimate for Zoysieae (stem) is Afrotropical (46%)
and Neotropics + Afrotropics (11%) (Gallaher et al. 2022).

As a worldwide genus, Sporobolus represents a rather “tight” evolutionary
entity, with core species (those arising via orderly evolutionary descent rather
than reticulate evolution) comprising about 81% of all sampled species (55%
of the genus). This is significantly higher than in other widespread genera such
as Calamagrostis—64% (57% sampled; Peterson et al. 2021) or Agrostis—55%
(70% sampled; Peterson et al. 2025). In this respect, Sporobolus is closer to
more localized genera like Muhlenbergia, with 96% core species (82% sampled;
Peterson et al. 2010b, 2018), or Bouteloua, with 77% core species (98% sam-
pled; Peterson et al. 2015b).

The phylogeography of S. sect. Thellungia resembles that of Australian
Agrostis (Phase VI of phylogeographic distribution of Agrostis; Peterson et
al. 2025). It includes the interaction (likely in dry areas of East Asia) of one
of the most ancient, multiflowered Asian lineages—"proto-collinus”"-and two
derived, uniflowered, closely related but independent North American lineag-
es—"proto-megalospermus” and “proto-advenus”—followed by the distribution
of hybrids (all multiflowered) in Central Asia and Australia and their subsequent
speciation. The origin of S. sect. Crypsis is likely African, although its paternal
lineage remains unknown.

The involvement of species from S. sect. Triachyrum in the formation of
sects. Crypsis and Thellungia is also possible. However, since no plastid lineag-
es from Triachyrum species were found within these sections, we believe that
Crypsis and Thellungia indeed represent floating ITS groups, and their sister
placement to members of S. sect. Triachyrum is likely incidental, resulting from
confounding ITS sequences.
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