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Abstract. To investigate the evolutionary relationships among 23 species in the Cot-
teinae we generated a DNA sequence-derived phylogeny utilizing three plastid (rpsI6-
trnK spacer, rps16 intron, rpl32-trnL spacer) regions and the nuclear ribosomal inter-
nal transcribed spacer (ITS) region. The Bayesian tree provides strong support for
the monophyly of the Cotteinae and its four genera, in order of divergence: Cottea,
the Kaokochloa + Schmidtia clade, and the Enneapogon clade. Since the Eragrostideae
clearly evolved from African ancestors and Kaokochloa, Schmidtia, and Enneapogon all
share species from Africa, we hypothesize the ancestral area of Cotteinae to be Africa.
Within Enneapogon we recovered four major clades, the first two splits with species
primarily from Africa and the third split containing a basal species from Africa/Asia/
Europe sister to all species from Australia. The ancestral area of Enneapogon is Africa
and based on our current sample the 13 species from Australia appear to be derived
from a single dispersal event from an ancestor shared with E. persicus.

Keywords: classification, Cottea, Enneapogon, Kaokochloa, molecular phylogenetics,
Schmidtia.

INTRODUCTION

The entanglement of Enneapogon Desv. ex P.Beauv. with Pappophorum
Schreb. has existed for a long time and a good summary clarifying the early
formulation of concepts was given in Burbidge (1941). Desvaux in Palisot de
Beauvois (1812) first transferred four species to Enneapogon, formally placed
in Pappophorum, and added one additional species, E. desvauxii P. Beauv.

Kunth (1929) reduced Enneapogon to a subgenus of Pappophroum in the
tribe Pappophoreae Kunth, and then Trinius (1830) placed Enneapogon as a
section of Pappophorum. Up until 1965 most agrostologists followed Desvaux
in recognizing Enneapogon as a distinct genus within the Pappophoreae.

The subtribe Cotteinae Reeder was erected to emphasize morphologi-
cal features (principally glumes and lemmas with many veins with some
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of the veins extending into awns, embryonic leaf hav-
ing overlapping margins, dumbbell-shaped siliceous
cells, and bicellular microhairs with a slender usually
much elongated basal cell) to separate species of Cottea
Kunth, Enneapogon, Kaokochloa DeWinter, and Schmid-
tia Steud. ex J.A.Schmidt from Pappophorum (Reeder
1965). Whereas Pappophorum (subtr. Pappophorinae)
includes species with single-veined glumes and lemmas
with veins extending into awns, embryonic leaf with
margins that meet but do not overlap, saddle- or double
axe-shaped siliceous cells, and short-stalked eragrostoid-
type bicellular microhairs (Reeder 1965; Reeder 2003).
Historically, most grass classifications included these
genera in the Pappophoreae (Stebbins and Crampton
1961; Clayton 1970; Peterson et al. 2001; Weiller and
Lazarides 2005; Roodt-Wilding and Spies 2006; Cope
2007), although Clayton and Renvoize (1986) placed the
Cotteinae as a synonym of the Pappophoreae, and it was
not until molecular DNA sequence studies emerged that
our modern concept of the Pappophorinae was formed,
consisting of Neesiochloa Pilg., Pappophorum, and
Tridens Roem. & Schult. s.s. realigned in the tribe Cyno-
donteae Dumort. (Peterson et al. 2010a; Reutemann et
al. 2011; Peterson et al. 2016; Soreng et al. 2015, 2017,
2022). The subtribes Cotteinae, Eragrostidinae J. Presl
(Eragrostis Wolf), and Uniolinae Clayton (Entoplocamia
Stapf, Fingerhuthia Nees ex Lehm., Tetrachne Nees, and
Uniola L.) are all members of the tribe Eragrostideae
Stapf (Peterson et al. 2010a; Soreng et al. 2022).

Within the Cotteinae, Enneapogon is the larg-
est genus with at least 26 species, one cosmopolitan
(E. desvauxii, although not found in Australia), 15 are
endemic to Australia, six are found in southern Africa,
and at least six extend into Asia (Phillips 1995; Weiller
and Lazarides 2005; Cope 2007; Fish et al. 2015; Clay-
ton et al. 2016; Plants of the World Online 2025).
Schmidtia with two species is found in Africa and Paki-
stan, Kaokochloa with a single species occurs in south-
ern Africa and northwestern Namibia, and Cottea with
a single species is found in North and South America
(Phillips 1995; Cope 2007; Fish et al. 2015). The genera
of the Cotteinae can be differentiated by their lemma
shape and the number of awns emanating from the apex.
Cottea and Schmidtia have lobed lemmas (irregularly
so in Cottea) with the former having 7-11 awns and the
latter having only five awns, whereas Enneapogon and
Kaokochloa have unlobed lemmas with the former hav-
ing nine awns and the latter having two lateral awns
with one or two additional central awns (never more
than four awns total) [Renvoize 1988; Phillips 1995;
Cope 2007; Fish et al. 2015; Clayton et al. 2016]. The
spikelets of Cottea also disarticulate above the glumes
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and between the florets while all other members of
the subtribe have spikelets that disarticulate above the
glumes but not between the florets (Reeder 2003).

In a recent nuclear and plastid DNA-derived phylog-
eny of the entire grass family the Cotteinae is sister to
remaining members of the Eragrostideae, and the Cot-
teinae has the following structure: (Cottea (Kaokochloa
+ Schmidtia) Enneapogon)) [Group Phylogeny Working
Group (GPWG) 2024]. Another previous DNA-derived
phylogeny indicated that Schmidtia was paraphyletic
with species of Enneapogon forming a monophyletic
clade nested within Schmidtia (based on ITS) or includ-
ed in a polytomy (based on the plastid trnL-F marker)
[Reutemann et al. 2011]. In our study we provide the lat-
est estimate of the phylogeny within the Cotteinae by
analyzing three markers from the plastid genome (rps16-
trnK spacer, rpsl6 intron, rpl32-trnL spacer) and one
from the nuclear genome (ITS). In comparison with the
Reutemann et al. (2011) and GPWG (2024) studies we
increase the sample size of Enneapogon from four (nucle-
ar) and five samples (plastid) to 19 species.

MATERIAL AND METHODS
Taxon sampling

We sampled 64 individuals, representing 50 total
species, and 19 (19/26 = 73%) species of Enneapogon,
two (2/2 = 100%) species of Schmidtia, one species (1/1
= 100%) of Cottea, and one (1/1 = 100%) species of
Kaokochloa. A complete list of taxa including authorities,
voucher information, and GenBank numbers is present-
ed in Appendix 1. A few of these DNA sequences were
previously published in GenBank. We submitted 128
new sequences to GenBank, 102 of these representing
Enneapogon, 16 in Schmidtia, eight in Fingerhuthia, and
two in Kaokochloa.

We designed our study to characterize relation-
ships among species of Cotteinae (Cottea, Enneapogon,
Kaokochloa, and Schmidtia) and including outgroups from
the Eragrostidinae J.Presl [Eragrostis conrathii (Hack.)
S.M.Phillips, E. dielsii Pilg., E. tincta S.M.Phillips, and E.
xerophila Domin]; Uniolinae [Entoplocamia aristulata
(Hack. & Rendle) Stapf, Fingerhuthia africana Nees es
Lehm., F. sesleriiformis Nees, Tetrachne dregei Nees, and
Uniola paniculata L.]; Cynodonteae Dumort. [Chloris bar-
bata Sw., Cynodon plectostachyus (K. Schum.) Pilg., Eleu-
sine indica (L.) Gaertn., Gymnopogon grandiflorus Roseng.,
B.R.Arill. & Izag., Halopyrum mucronatum (L.) Stapf,
Leptothrium rigidum Kunth, Oropetium capense Stapf,
Pappophorum bicolor E.Fourn., P. casepitosum R.E.Fr.,
P. pappiferum (Lam.) Kuntze, P. philippianum Parodi, P.
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vaginatum Buckley, and Tripogon chinensis Hack.]; and
Zoysieae Benth. [Sporobolus pyramidatus (Lam.) Hitchc.,
S. virginicus (L.) Kunth, and Zoysia macrantha Desv.]; and
Triraphideae P.M.Peterson (Triraphis mollis R.Br. and T.
ramosissima Hack.) [Soreng et al. 2022].

Phylogenetic methods

All procedures related to the sequencing of the plas-
tid and ITS regions were performed in the Laboratory
of Analytical Biology at the Smithsonian Institution.
Detailed methods for DNA extraction, amplification, and
sequencing are given in Romaschenko et al. (2012) and
Peterson et al. (2010a, 2010b, 2012, 2014, 2015a, 2015b,
2016). Geneious Prime v.2020.1.4 (Kearse et al. 2012) was
utilized for contig assembly of bidirectional sequences
of rps16-trnK spacer, rpsl6 intron, rpl32-trnL spacer, and
ITS regions; and Muscle (Edgar 2004) to align consensus
sequences and adjust the final alignment. The Bayesian
trees were constructed with MrBayes v3.2.7 (Huelsenbeck
and Ronquist 2001; Ronquist et al. 2012).

The evolutionary model parameters for each region
were estimated with GARLI 2.0 (Zwickl, 2006) (Table 1)
and used as priors in Bayesian analysis. The combined
data set was split into four partitions containing the
ITS, rpL32-trnL, rpsl6-trnK, and rpsl6 intron sequenc-
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es. Bayesian analysis was initiated with random start-
ing trees and was run for four million generations with
every 1000" iteration being sampled. Upon completion
of the search, the variance of split sequences was less
than 0.01 and the potential scale reduction factor was
close or equal to 1.0 indicating convergence of the chains
(Huelsenbeck and Ronquist 2001). The search was moni-
tored with Tracer v1.7.1 (Rambaut et al. 2018). The effec-
tive sample size (ESS) value was greater than 100, and
25% of the sampled values were discarded. All compat-
ible branches were saved. Posterior probabilities (PP) of
>0.95 indicated a credible interval of probability.

The parsimony bootstrap analysis (Felsenstein 1985)
was performed using program IQ-Tree 3.0.1 implement-
ing ultrafast bootstrap approximation (with 10000 boot-
strap replicates) to assess branch supports (Minh et al.
2013; Hoang et al. 2018). Bootstrap values (BS) of 295%
were interpreted as strong support.

RESULTS
Phylogenetic analyses
One hundred twenty-eight sequences (128/246 = 52%)

in our study are newly reported in GenBank and 44%
(108/246) are previously published sequences (Appendix 1)

Table 1. Characteristics of the four regions, rps16-trnK, rps16 intron, rpL32-trnL, ITS, and parameters used in phylogenetic analysis, indi-

cated by Akaike Information Criterion (AIC).

) Combined
rps16-trnK rps16 intron rpL32-trnL plastid data ITS Overall

Total aligned characters 1020 1019 1062 3101 745 3846
Number of sequences (success) 61 60 63 184 62 246
(95.3%) (93.8 %) (98.4%) (95.8%) (96.9%) (96.1%)
Number of new sequences (ratio) 32 31 33 96 32 128
(52.5%) (51.7%) (52.4%) (52.2%) (51.6%) (52.0%)

Likelihood score (-InL) 3303.89 2907.35 3186.56 7719.76
Number of substitution types 4 4 4 - 4 -
Model for among-sites rate variation gamma gamma gamma - Invar+Gamma -
Substitution rates 2.0469 1.0000 1.9637 - 0.9023 -

4.1996 1.5457 2.6823 2.1809

1.0000 0.4216 1.0000 1.8644

2.0469 0.4216 1.9637 0.4373

4.1996 1.5457 2.6823 4.4558

1.0000 1.0000 1.0000 1.0000
Character state frequencies 0.2893 0.3757 0.3438 - 0.2170 -

0.1526 0.1334 0.1487 0.2948

0.1585 0.1855 0.1430 0.2867

0.3995 0.3054 0.3645 0.2016
Proportion of invariable sites 0.7695 0.8365 0.6556 - 0.3163 -
Substitution model TPM3u+F+G4  K3Pu+F+G4 TPM3u+F+G4 - GTR+F+I+G4 -
Gamma shape parameter (o) 0.8768 0.4794 0.6840 - 1.3470 -



http://R.Br

200

generated for earlier studies (Peterson et al. 2010a; 2015a;
2016), and two individuals: Enneapogon desvauxii and E.
oblongus N.T.Burb. were available from GenBank. Four
percent (10/256) 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.

Phylogeny

The Bayesian tree based on plastid (rpsl6-trnK
spacer, rpsl6 intron, rpl32-trnL spacer) and ITS regions
is well resolved and a monophyletic Cotteinae includ-
ing Cottea, Enneapogon, Kaokochloa, and Schmidtia is
strongly supported (BS = 95-100; PP = 0.95-1.00) [Fig.
1]. The first split within the Cotteinae is Cottea pappo-
phoroides Kunth and the second split includes Kaokoch-
loa nigrirostris De Winter sister to three accessions of
Schmidtia pappophoroides Steud. ex J.A.Schmidt + two
accessions of S. kalaharensis Stent. The second split
(Kaokochloa nigrirostris (Schmidtia pappophoroides +
S. kalaharensis)) is then sister to a monophyletic clade
containing 19 species of Enneapogon. The Enneapo-
gon clade’s first split is (E. preforiensis Stent + E. scaber
Lehm.) sister to remaining species in the genus. The sec-
ond split in the Enneapogon clade contains two major
clades: (Enneapogon scoparius Stapf + four accessions
of E. cenchroides (Licht. ex Roem. & Schult.) C.E.Hubb.)
E. desvauxii); and Enneapogon persicus Boiss. (E. nig-
ricans (R.Br.) P.Beauv. (E. pallidus (R.Br.) P.Beauv. (two
accessions of E. eremophilus Kakudidi)) + E. purpura-
scens (R.Br.) P.Beauv. (E. cylindricus N.T.Burb. (two
accessions of E. avenaceus (Lindl.) C.E.Hubb.)); sister
to (two accessions of E. polyphyllus (Domin) N.T.Burb.+
two accessions of E. intermedius N.T.Burb.) + (E. robus-
tissimus (Domin) N.T.Burb.+ E. oblongus) + (E. lindley-
anaus (Domin) C.E.Hubb. (E. caerulescens (Gaudich.)
N.T.Burb.+ E. gracilis (R.Br.) P.Beauv.)).

DISCUSSION
Phylogeny

The combined plastid/nuclear DNA-derived phy-
logeny supports three strongly supported monophyletic
clades containing the Cotteinae, Kaokochloa-Schmid-
tia, and Enneapogon. Schmidtia was earlier found to
be paraphyletic often aligning within the Enneapo-
gon clade (Roodt-Wilding et al. 2006; Reutemann et al.
2011). We compared our ITS sequences (KM010328,
PV954974, PV954975) of Schmidtia papporphoroides
with the sequence used in Reutemann et al. (2011) and
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Enneapogon avenaceus Saarela 1621
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Enneapogon oblongus
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Africa
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South America

Enneapogon caerulescens
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Figure 1. Bayesian tree inferred from combined plastid (rps16-trnK,
rps16, rpl32-trnL) and nuclear (ITS) DNA sequences of the Cot-
teinae. Thick black branches in the phylogram indicate a bootstrap
of 95-100 and/or posterior probability of 0.95-1.00. Scale bar = 2%
substitutions per site.

Roodt-Wilding and Spies (2006) available in GenBank
(DQ65584). The latter sequence was poorly edited with
57 possibly erroneous nucleotide substitutions. However,
we did not use the plastid trnL-F marker in our analysis
which also led to equivocal placement of Schmidtia pap-
porphoroides in their analysis.

Burbidge (1941) indicated that the Australian species
of Enneapogon separated into two groups, those with
ribbed or prominently thickened nerves (veins) on the
lemmas [E. nigricans = E. flavescens (Lindl.) N.T.Burb.],
and those with a smooth lemmas, i.e., the veins not
prominent (E. avenaceus). Our phylogeny (Fig. 1) does
not support this hypothesis, at least in a phylogenetic
context, since species with a smooth lemma are not
always united in a subclade within the Australian Enne-
apogon clade. However, two accessions each of Enneapo-
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gon intermedius and E. polyphyllus are sister in a sub-
clade but E. caerulescens, E. lindleyanus, E. oblongus, and
E. robustissimus, all treated by Burbidge (1941) as having
prominently thickened veins are found in a clade with
E. gracilis (treated as having smooth lemmas), whereas
two accessions of E. avenaceus are sister to E. cylindricus
(treated as having prominently thickened veins) in a dif-
ferent subclade. Burbidge does indicate that the ribbed
lemma is probably a more primitive form found in spe-
cies outside of Australia. Our Australian clade is sister to
E. persicus, a species from the middle east, Asia, Africa,
Spain, and India (Bor 1960, 1970; Chen and Phillips
2006; Cope 2007; Clayton et al. 2016; Aedo 2021; POWO
2025). Enneapogon persicus has ribbed lemmas and the
first two splits within the genus are composed of primar-
ily African species all with ribbed lemmas.

Biogeography

The tribe Eragrostideae clearly evolved from Afri-
can ancestors since the stem (42.75 Ma) and crown
(31.15 Ma) ages indicate the ancestral area to be Afro-
tropical 73% and 43%, respectively (Gallaher et al. 2022).
The Cotteinae and Unioliinae each have a basal genus,
Cottea and Uniola, that includes species with a west-
ern hemisphere distribution. Therefore, it is extremely
hard to determine what the ancestral area for each of
these subtribes might be. Cottea pappophoroides occurs
in southwestern United States to central, eastern, and
southern Mexico, and again in South America from
Ecuador, Peru, Bolivia, and Argentina (Peterson et al.
2001; Sanchez-Ken 2018; Davila et al. 2019). Gallaher et
al. (2022) determined the ancestral area for Cotteinae to
be 10% cosmopolitan (from anywhere). However, based
on our study the most plausible ancestral area for Cot-
teinae is African since Kaokochloa and Schmidtia are
from Africa, and the first split of Enneapogon (E. pre-
toriensis and E. scaber), includes species distributed in
Africa (Fish et al. 2015). We hypothesize that early in the
evolutionary history of Cotteinae, individuals of proto-
Cottea dispersed to the western hemisphere.

Within Enneapogon we recovered four major clades,
the first two splits with species primarily from Africa
and the third split containing a basal species from Afri-
ca/Asia/Europe (E. persicus) sister to all species from
Australia (Bor 1960, 1970; Chen and Phillips 2006; Cope
2007; Clayton et al. 2016; Aedo 2021; POWO 2025). The
ancestral area of Enneapogon is Africa since it shares a
common ancestor with the Kaokochloa-Schmidtia clade
and based on our current sample the 13 species from
Australia appear to be derived from a single dispersal
event from an ancestor shared with E. persicus.
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