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Background and aims — Cyperus is a large, ecologically diverse, and important sedge genus. Recent
systematic work resolved problems with generic delimitation and implicated C, photosynthesis as a
possible key innovation spurring diversification. Our research addressed several systematic, taxonomic,
and biogeographic questions at the levels of species, species groups, and taxonomic sections. By targeting
American taxa, this work helped fill a geographic sampling gap.

Methods — Phylogenetic relationships of 121 ingroup samples representing 93 taxa were inferred using
both Bayesian and maximum likelihood approaches in a multi-locus framework with nucleotide data from
nuclear ITS, and plastid markers matK, ndhF, rpi32-trnL*9  and trnH-psbA.

Key results — This study was the first to estimate the phylogenetic position of Karinia, a monotypic genus
endemic to Mexico with a varied taxonomic history. Karinia mexicana is herein transferred to Scirpoides
based on its phylogenetic position and morphology. Cyperus seslerioides and C. andinus, members of
“section Dichostylis”, belong in the C, section Leucocephali. Previous work resolving Leucocephali as
sister to C, Cyperus was corroborated. Molecular evidence provided taxonomic insight in some focal taxa
but was inconclusive in others. Results support an amphitropical disjunction within the Cyperus rigens
group, centred in subtropical South America, accounting for the presence of C. cephalanthus in southeastern
North America where it is of conservation concern. An emerging biogeographic pattern is that many North
American endemic C, Cyperus are derived from Mesoamerican ancestors.

Conclusions — Phylogenetic analyses with greater taxon sampling may solidify taxonomic decisions
receiving preliminary support from this research. Loci with greater phylogenetic signal are required
to resolve the Cyperus retrorsus and C. rigens complexes. Further testing of the integrity of section
Leucocephali should be of high priority considering its compelling morphology and inferred relationship
to C, Cyperus. This study builds on previous work with novel taxon and increased locus sampling and
contributes to ongoing efforts to build a comprehensive phylogeny of Cyperus.
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INTRODUCTION

Cyperus L. is a large, ecologically diverse, and economically
important sedge genus (Simpson & Inglis 2001, Bryson &
Carter 2008). For many years, the circumscription of Cy-
perus was problematic. Early molecular studies resolved a
well-supported clade that included Cyperus s. str., but also
inferred a paraphyletic genus with the inclusion of up to thir-

teen other embedded genera (Simpson et al. 2007, Muasya
et al. 2009a, 2009b). However, recent work has broadened
the circumscription of Cyperus to include previously segre-
gated genera, rendering Cyperus monophyletic (Larridon et
al. 2011b, Larridon et al. 2014, Bauters et al. 2014).

Phylogenetic hypotheses of Cyperus consistently resolve
a grade composed of taxa with C, photosynthesis leading
to a strongly supported C, clade (Muasya et al. 2001, 2002,
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Larridon et al. 2011c, 2013, Reid et al. 2014). Having ap-
parently evolved once, the C, photosynthetic pathway is a
synapomorphy in Cyperus. The evolution of C, photosynthe-
sis may have spurred rapid diversification in Cyperus by al-
lowing colonization of drier, sunny, and fire-driven habitats
(Larridon et al. 2013). Most taxa included in this study have
C, photosynthesis. Many sampled taxa, particularly those en-
demic to eastern North America, occur in dry, open habitats
subject to recurring fire.

Most of the c. 950 Cyperus species have not been includ-
ed in phylogenetic studies. Due to the massive size of the
genus, a comprehensive phylogeny for Cyperus is not immi-
nent. This study was motivated by several systematic, taxo-
nomic and biogeographic questions and seeks: (1) to estimate
the phylogenetic position of Karinia Reznicek & McVaugh,
which has previously been included in Cyperus; (2) to esti-
mate relationships of Cyperus sections Leucocephali Cher-
mezon ex Kiik. and “Dichostylis (P.Beauv.) Baillon” to C,
Cyperus; (3) to test the monophyly of Cyperus section Di-
clidium (Schrad. ex Nees) Griseb.; (4) to assess taxonomic
problems in Cyperus sections Strigosi Kikk. and Umbellati
(C.B.Clarke) Kiik. (nom. illeg.; Reynders et al. 2011); and
(5) to elucidate relationships within the Cyperus rigens spe-
cies group. This study includes samples of many taxa outside
of primary groups of interest, adding an exploratory aspect
to this work with the intentions of gaining additional phy-
logenetic and biogeographic insights and identifying future
research problems.

Scirpus, Cyperus, or Karinia?

Karinia is a monotypic genus endemic to Mexico. Its only
species, Karinia mexicana, was previously included in Scir-
pus L. as S. mexicanus C.B.Clarke ex Britton (and S. or-
bicephala Beetle) on the basis of having spirally arranged
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Figure 1 — Cyperus andinus in Arizona, U.S.A. Photo by Max
Licher, Northern Arizona University. Used with permission.
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floral scales, a character state typical of tribe Scirpeae. Ko-
yama & McVaugh (1963) transferred this species to Cype-
rus because of its basally disposed leaves and presence of
empty floral scales at the base of each spikelet (lowest floral
scales in Scirpus are flower-bearing). Later, Reznicek and
McVaugh (McVaugh 1993) determined this Mexican en-
demic was sufficiently unique, having dense spherical spikes
and spirally-arranged floral scales, to warrant erection of a
new genus, Karinia, which they placed in tribe Cypereae
due to its Cyperus-type embryo. Karinia was subsequently
validated by Reznicek & McVaugh (1994). The phylogenetic
position of Karinia has not previously been assessed and its
taxonomic classification has not been evaluated using mo-
lecular evidence.

Which C, taxa are most closely related to the C, clade?

As mentioned above, C, photosynthesis is a synapomorphy
in Cyperus. Larridon et al. (2011c) resolved a clade contain-
ing Cyperus schomburgkianus plus three species of Kyl-
lingiella R.W.Haynes & Lye as sister to C, Cyperus. Larridon
et al. (2011b) lumped Kyllingiella with Cyperus on the basis
of morphological and molecular evidence and placed these
species in section Leucocephali, to which C. schomburgki-
anus had previously been assigned. The pantropical section
Leucocephali is diagnosed by the presence of small to me-
dium sized plants with dense head-like inflorescences, hav-
ing pale-coloured floral scales, and growing in open grass-
lands subject to seasonal drying (Simpson 1990, Larridon et
al. 2011b, 2011c). The ecological adaptation to drier open
habitats of section Leucocephali may be transitional toward
the evolution of C, photosynthesis, a photosynthetic pathway
that enhances drought tolerance (Larridon et al. 2011b).

Included in this study are Cyperus seslerioides and
C. andinus, which are distinguished by Kiikenthal (1935—
1936) but considered conspecific by more recent authors
(Tucker 1994, Gomez-Laurito 2003, Govaerts et. al 2016).
Cyperus seslerioides (including C. andinus) is common in
Mexico (Tucker 1994) and extends into South America to
Argentina (Govaerts et al. 2016). Cyperus seslerioides and
C. andinus were included in Kiikenthal’s (1935-1936) “sec-
tion Dichostylis”. This sectional name is illegitimate (Huygh
et al. 2010) and no name currently exists for this group. This
group is likely artificial since it contains at least two spe-
cies, Cyperus meeboldii Kiik. and C. michelianus (L.) Link,
confirmed to be C, plants (Bruhl & Wilson 2007, Larridon
et al. 2011c¢). Cyperus andinus and C. seslerioides resemble
members of section Leucocephali in having pale, head-like
inflorescences, minutely papillose achenes (papillae lacking
in the sample of C. andinus included in this study), and by
growing in upland habitats (Simpson 1990, Tucker 1994).
The morphological similarity between Cyperus andinus and
C. schomburgkianus is evident in figs 1 & 2. This study ex-
amines the relationship between the included representatives
of “section Dichostylis” and section Leucocephali, and rela-
tionships of both taxa to C, Cyperus.

Cyperus section Diclidium

Cyperus section Diclidium is characterized by a unique
mode of spikelet shattering with the spikelet breaking into
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one-fruited segments (Kiikenthal 1935-1936, Tucker 1994,
Tucker et al. 2002). This research tests the null hypothesis
that section Diclidium is monophyletic. Cyperus odoratus
shares a corky spikelet rachilla with Cyperus pedunculatus,
a species not previously classified in section Diclidium. This
feature may have allowed water dispersal of fruits, account-
ing at least partly for the large, transoceanic ranges of these
two species. Further investigation of a possible close rela-
tionship between these two taxa was suggested by Larridon
et al. (2013). Due to their overall morphological dissimilar-
ity, the null hypothesis is that the corky rachilla is a homo-
plastic trait.

Distinctness of Cyperus stenolepis

There has been inconsistency in the taxonomic treatment of
Cyperus stenolepis, a wetland species endemic to the south-
eastern United States. Some authors (Tucker et al. 2002,
Govaerts et al. 2016) do not recognize C. stenolepis, treat-
ing it as a synonym of C. strigosus. Kiikenthal (1935-1936)
treated C. stenolepis as C. strigosus var. stenolepis (Torr.)
Kiik., a treatment retained by Horvat (1941) with reserva-
tion. Cyperus stenolepis is a larger, more robust plant than
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Figure 2 — Cyperus schomburgkianus in the State of Minas
Gerais, Brazil. Photo by William Milliken, RBG/Kew. Used with
permission.

C. strigosus (electronic appendix 1A & B) and has longer
and more remote floral scales (fig. 3). Cyperus stenolepis
also differs ecologically from C. strigosus by inhabiting sites
with organic, peaty substrates and long hydroperiods. Cype-
rus strigosus typically occurs on seasonally wet mineral soils
subject to acute drying in late summer (Reid, pers. obs.). The
relationship between C. strigosus and C. stenolepis, both
members of section Strigosi, has not previously been tested
using molecular evidence, but the morphological similarity
suggests these two taxa are sister species.

Problems in Cyperus section Umbellati

There are several focal taxonomic problems in Cyperus sec-
tion Umbellati. This apparently artificial group (Reid et al.
2014) is diagnosed by the following traits: perennial dura-
tion, cormose plant bases, simple (unbranched) spikes, and
spikelets usually possessing only one to several fertile floral
scales (Kiikenthal 1935-1936). Images of several focal Um-
bellati taxa are presented in fig.4. The taxonomic and nomen-
clatural histories of some taxa within this group are complex.
The goals of this study relative to members of this group are
to provide additional information for taxonomic revision and
to elucidate evolutionary relationships. Focal taxa of section
Umbellati in this research are Cyperus blodgetii, C. echina-
tus, and C. retrorsus.

Emphasizing similarities in floral scale posture and
general inflorescence architecture, Carter (1984) relegated
plants with dense spikes, ascending scales, and divaricate
to reflexed primary inflorescence bracts to Cyperus ova-
tus (fig. 4C). These plants were treated variously by Kii-
kenthal (1935-1936) and Horvat (1941) as Cyperus blod-
gettii, C. pollardii Britton ex Small, C. retrorsus var. curtisii
(C.B.Clarke) Kiik., and C. winkleri Britton ex Small. Plants
called Cyperus blodgettii (fig 4E), having greenish to reddish
brown floral scales and fewer pedunculate spikes and prima-
ry inflorescence bracts, and being endemic to southern pen-
insular Florida, U.S.A., were provisionally given infraspe-
cific rank under C. ovatus (Carter 1984). Desiring further
study, Carter never published this new combination. Cyperus
blodgettii was not accounted for by Tucker et al. (2002) in
their Flora of North America treatment of Cyperus. This spe-
cies is treated as a synonym of C. retrorsus by Govaerts et
al. (2016).

Carter & Kral (1990) determined that Cyperus echinatus
was the correct name for C. ovularis (Michx.) Torr. Cype-
rus echinatus, which is endemic to eastern North America,
is easily recognized by its dense, spherical spikes and divari-
cate bracts (fig. 4A, electronic appendix 1C) (Carter 1984).
Kiikenthal (1935-1936) treated Cyperus ovularis var. spha-
ericus Boeckeler as a distinct taxon characterized by fewer
and shorter rays, shorter spikelets, and more intensely red-
dish pigmented floral scales than the nominal variety now
called C. echinatus (electronic appendix 1D). This variety
was regarded by Carter (1984) as an ecotype not warranting
formal rank. No combination has been published including
“var. sphaericus” as an infraspecific taxon under Cyperus
echinatus. Additional morphological evidence (Carter, un-
publ. data) has prompted re-evaluation of this entity. Ecolog-
ical evidence also suggests that “var. sphaericus” warrants
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formal recognition. Whereas typical Cyperus echinatus tends
to grow in disturbed areas on loamy and clayey soils, “var.
sphaericus” occurs in sandy soils of high-quality, fire-main-
tained pine grasslands in the southeastern United States.

Cyperus retrorsus is nearly endemic to the Atlantic and
Gulf of Mexico coastal plains of the southern and eastern
United States. This species is a tufted perennial with cylin-
dric spikes and strongly ascending bracts (fig. 4D) that grows
in dry to mesic, often disturbed, sites. Several varieties of
Cyperus retrorsus have been described, but these are often
not recognized, with recent authors taking a broad view of
C. retrorsus (e.g. Tucker et al. 2002, Govaerts et al. 2016).
Cyperus retrorsus var. nashii differs from the nominal vari-
ety by having divaricate versus ascending bracts, spikes with
less densely-packed spikelets, lustrous, fuscus floral scales
with faint nerves, longer anthers, broader and usually longer
achenes, and smaller differences between floral scale lengths
and achene lengths (Carter 1984). Ecologically, C. retorsus
var. nashii is faithful to undisturbed xeric sand ridges, where-
as var. retrorsus is a weedy element of more mesic soils. Cy-
perus plankii represents another taxon included in this study
which is not usually recognized. Tucker et al. (2002) list this
species as a synonym of Cyperus croceus while Govaerts et
al. (2016) include it within C. retrorsus. Also included in this
study is an undescribed species, referred to herein as Cyperus
sp. ined. (fig. 4F & G), which is suspected to be a close rela-
tive of Cyperus retrorsus (fig. 4D). Like Cyperus retrorsus
var. nashii, this entity occurs in undisturbed xeric sand ridges
on the southeastern United States coastal plains. The goals of
this study with respect to Cyperus retrorsus are to examine its
taxonomy, using a molecular approach to determine whether
a broad circumscription of this species is warranted, and to
estimate the relationship of Cyperus sp. ined. to C. retrorsus.

Cyperus cephalanthus and the C. rigens group

Cyperus cephalanthus was first collected from coastal Tex-
as in the southern United States and was described in 1836
(Torrey 1836). This sedge is now known also from wet
coastal tall-grass prairies in Louisiana. Its relationship to
similar plants in South America, including Cyperus rigens,
has long been suspected (Pedersen 1972) and was recently
confirmed (Reid et al. 2014). Close similarity between North
American Cyperus cephalanthus and specimens collected
from humid grasslands in subtropical South America (Argen-
tina, Brazil, and Paraguay) has been recognized. Some South
American specimens have been determined as C. cephalan-
thus (Tucker et al. 2002). Pedersen (1972) provided the most
detailed taxonomic revision of the Cyperus rigens group,
making several new combinations and providing a key to hy-
pothetically related species. Pedersen (1972) treated Cyperus
cephalanthus as a subspecies of C. rigens (C. rigens subsp.
cephalanthus (Torr. & Hook.) T.M.Ped.). In Pedersen’s key
C. rigens subsp. cephalanthus keys out with taxa having nine
nerves on the floral scales and being restricted to southeast-
ern North America. Floral scales of North American Cyperus
cephalanthus typically have seven nerves, and plants usually
feature scabrous culm angles. Therefore, North American
Cyperus cephalanthus key to Cyperus impolitus in Peders-
en’s treatment, suggesting these species are morphologically
the same. Morphometric study by Reid (2016) aimed at dis-
tinguishing Cyperus cephalanthus and C. impolitus revealed
significant differences in several characters between North
and South American specimens. Based on those results,
North American samples are identified herein as Cyperus
cephalanthus and South American samples as C. impolitus.
Hefler (2010) addressed the taxonomy of the Cyperus rigens
group by lumping several Cyperus rigens subspecies, includ-

Figure 3 — Comparison between spikes of Cyperus stenolepis (left) and C. strigosus (right) showing typically longer and more remotely
spaced floral scales on the former species as compared to the latter. Photo of Cyperus stenolepis by Randy Mears; photo of C. strigosus by

J.R. Carter.
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Figure 4 — Images of representative members of Cyperus section Umbellati. A, Cyperus echinatus; B, Cyperus lancastriensis; C, Cyperus
ovatus; D, Cyperus retrorsus; E, Cyperus blodgettii; F, Cyperus sp. ined.; G, Cyperus sp. ined. with anthelum highlighted, associated with
the fruticose lichen Cladonia P. Browne, an indicator of xeric sandy soils. A-D & F—G by J.R. Carter; E by Randy Mears.
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ing subsp. serrae, which is included in this study, with C. ri-
gens var. rigens. She also treated Cyperus impolitus as a vari-
ety of C. rigens, creating the new combination C. rigens var.
impolitus (Kunth) Hefler & Longhi-Wagner (Hefler 2010).
Hefler did not address Cyperus cephalanthus. The research
presented here seeks to elucidate relationships among the
Cyperus rigens group (fig. 5) and to determine if evidence
shows molecular divergence of North American Cyperus
cephalanthus from South American Cyperus impolitus.

MATERIALS AND METHODS

Taxonomic sampling

Sampling of taxa for this study was guided mainly by the
research goals described above. An attempt was also made to
acquire samples of as many Cyperus species as possible dur-
ing field work. Most samples were collected by the authors
from the southeastern United States, Argentina, and Uru-
guay. Several samples were obtained from herbarium speci-

Figure 5 — Representative members of the Cyperus rigens group. A, Cyperus cephalanthus in Louisiana, U.S.A.; B, Cyperus cephalanthus
habit; C, Cyperus rigens subsp. rigens growing on margins of freshwater pond in Uruguay; D, Cyperus rigens subsp. rigens (arenic variant)
growing in sandy Butia yatay (Mart.) Becc. savanna in Corrientes, Argentina. Photographs by C.S. Reid.
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