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Abstract—Populations of Carex sect. Rhynchocystis (Cyperaceae) from the Macaronesian archipelagos (Azores and Madeira) have traditionally
been treated either as a variety of the widely distributed Western Palearctic C. pendula, or directly synonymized under it. However, recent phy-
logenetic studies have shown that Azorean populations of C. pendula display a certain degree of differentiation from mainland plants, while the
phylogenetic relationships of Madeiran populations remain unclear. Here we perform an integrated systematic study focused on the Macarone-
sian populations of Carex sect. Rhynchocystis to elucidate their phylogenetic relationships and taxonomic status. We reconstructed a molecular
phylogeny based on five DNA regions and conducted a multivariate morphological analysis. Divergence time estimates show that the Macaro-
nesian populations can be traced back to a Plio-Pleistocene origin. Our results suggest that these island populations of C. pendula are better treated
as two distinct species within Carex sect. Rhynchocystis (i.e. C. leviosa from the Azores and C. sequeirae from Madeira). We provide morphological
characters to differentiate the new species from C. pendula s. s., detailed descriptions of the three taxa, a revised key for the entire section, as well as
detailed analytical drawings of the two newly described species. We also perform a critical evaluation of the taxonomic diversity of Carex in the
Azores and Madeira. Finally, we informally assessed the conservation status of the new species at a global scale under IUCN categories and cri-
teria, resulting in the proposal of the categories Least Concern for C. leviosa and Critically Endangered for C. sequeirae.
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The Macaronesian archipelagos consist of a series of oceanic
islands west of the European coast and North Africa, namely
from north to south, the Azores, Madeira, Savage Islands,
Canary Islands, and Cabo Verde. Macaronesia is considered
one of the 10 Mediterranean Basin hotspots for plant bio-
diversity (Médail and Quezel 1997) and is rich in endemics
(Sanchez-Pinto et al. 2005; Jardim and Menezes de Sequeira
2008; Acebes-Ginovés et al. 2010; Silva et al. 2010). The high
endemism in these archipelagos is partly due to some of
them sheltering a particular kind of cloud forest, the so-called
“laurisilva.” These lauroid forests have long been thought to
be remnants of the vegetation that once covered Europe during
the Neogene (Engler 1879; Axelrod 1975; Barbero et al. 1980).
This assumption has been made mainly due to the temperate
oceanic climate of these islands. Some studies have proposed
that some species might date back to the Neogene and
thus would be relictual elements (i.e. paleoendemics) in the
Macaronesian archipelagos (Engler 1879; Maire 1957; Aigoin
etal.2009; Manen etal.2010; Kondraskov etal.2015; Mairal et al.
2018). Nevertheless, it has been revealed by molecular
approaches, that the majority of the species found at laurisilva
forests seem to have a more recent Plio-Pleistocene origin
(Aigoin etal. 2009; Kondraskov et al. 2015; SchiifSler et al. 2019).

According to the checklists of both archipelagos, Carex L.
(Cyperaceae) is represented in the Azores by 20 taxa, of which
11 arenative, three of them endemic, eight introduced, and one
of doubtful status (Silva et al. 2010). Alternatively, 11 taxa have
been reported for Madeira, all of them native, two of them
endemic (Jardim and Menezes de Sequeira 2008). Furthermore,
Madeira and Azores are reported to share at least one
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Macaronesian Carex endemic taxon (Jardim and Menezes de
Sequeira 2008; Silva et al. 2010). However, differences in the
number and identity of the reported taxa are apparent in the
more recent official Portuguese checklist (Menezes de Sequeira
etal. 2012) and floristic treatments (Jiménez-Mejias and Luceno
2011; Govaerts et al. 2020). Chorological novelties and taxo-
nomic rearrangements have also affected the account of Carex
in Azores and Madeira (Jiménez-Mejias et al. 2014; Martin-
Bravo et al. 2019b).

Carex sect. Rhynchocystis Dumort. (Cyperaceae) currently
comprises five species and two subspecies of giant sedges.
The members of this section are disjunctly distributed in the
Western Palearctic (i.e. C. agastachys L.f., C. microcarpa Bertol.
ex Moris, and C. pendula Huds.) and sub-Saharan Africa [i.e.
C. bequaertii subsp. bequaertii De Wild. from East Tropical
Africa, C. bequaertii subsp. mossii (Nelmes) Miguez, Gehrke,
Martin-Bravo and Jim.-Mejias from South Africa, and C. pendu-
liformis Cherm. from Madagascar]. The systematics of the
group has recently been studied, based on both molecular
and morphological data (Miguezetal.2017,2018, respectively).
Miguez et al. (2017) recovered Carex sect. Rhynchocystis as
monophyletic, and showed that the group diversified during
the middle-late Miocene in Europe. Consequently, the Western
Palearctic species have been considered relict elements whose
origin predates the onset of the Mediterranean climate (Milne
and Abbott 2002). The authors also demonstrated thatin its tra-
ditional circumscription, C. pendula included two distinct but
hitherto overlooked lineages: 1) C. pendula s. s., mainly from
western Europe and the Mediterranean basin; and 2) C. agas-
tachys, mainly from eastern Europe and southwestern Asia
(Jiménez-Mejias et al. 2017; Miguez et al. 2017, 2018).


https://doi.org/10.1600/036364421X16231782047442

2021]

In the past, Macaronesian populations of C. pendulas. 1. were
treated under theillegitimate name C. myosuroides Lowe (Lowe
1833; Seubert 1844) or as a variety of C. pendula (i.e. C. pendula
var. myosuroides Boott; Boott 1867; Kiikenthal 1909; Schaefer
2005). In the phylogeny presented by Miguez et al. (2017), the
few included samples from Madeira and Azores appeared
nested within C. pendulas.1. and thus were considered tobelong
to this taxon. However, the two sampled Azores populations
constituted a remarkably well-supported clade, distinct from
the rest of C. pendula. In contrast, the single sampled Madeira
population was recovered as an isolated lineage, at the base
of the C. pendula clade. Nonetheless, both relationships lacked
significant statistical support (Miguez et al. 2017). In the mor-
phometric study of Carex sect. Rhynchocystis (Miguez et al.
2018), three samples belonging to populations from Madeira,
and two samples from Azores were included. All of them
were recovered within the variability of C. pendulas. s. Regard-
less, the few Macaronesian samples included in these previous
molecular and morphological studies (Miguez etal. 2017,2018)
were insufficient to draw a robust conclusion about their phy-
logenetic relationship or their taxonomic status.

In this paper, we present a detailed reevaluation of the taxo-
nomic status and phylogenetic relationships of the Macarone-
sian populations of C. pendula by expanding the sampling of
Macaronesian populations and genetic markers. This approach
may allow us toreachreliable phylogenetic and taxonomic con-
clusions about the islands’ populations that we were unable to
attain in previous studies (Miguez et al. 2017, 2018). We use
DNA sequence data from three chloroplast regions (cDNA)
(atpIH, matK and rpl32-trnL““), and two nuclear regions
(nDNA) (ETS and ITS), together with micro- and macromor-
phological data, to: 1) elucidate whether there are significant
molecular/morphological differences between Macaronesian
and mainland C. pendula populations; and 2) assess the taxo-
nomic status of the Macaronesian populations.

MATERIALS AND METHODS

Phylogenetic Analyses—Samples of all species of Carex sect. Rhynchocys-
tis were used to representatively cover its range (see Miguez et al. 2018). We
sampled the following populations (1 specimen per population): 1) six of C.
agastachys; 2) five of C. bequaertii subsp. bequaertii and three of C. bequaertii
subsp. mossii; 3) three of C. microcarpa; 4) eight of C. pendula; 5) one of C. pen-
duliformis; 6) five of C. pendula from the Azores, treated by us as C. leviosa; 7)
five of C. pendula from Madeira, treated by us as C. sequeirae; and 8) two spe-
cies from each of the closely related Carex sect. Ceratocystis Dumort., Carex
sect. Phacocystis Dumort., Carex sect. Sylvaticae Rouy, and Carex sect. Spiro-
stachyae (Drejer) L.H.Bailey, as outgroups (Miguez et al. 2017; Appendix
1). We sequenced and analyzed three ¢cDNA (atpIH, matK, and rpl32-
trnL%%) and two nDNA (ETS and ITS) regions, which have been success-
fully used inmolecular studies for Carex sect. Rhynchocystis and close groups
(Waterway and Starr 2007; Escudero and Luceno 2009; Jiménez-Mejias et al.
2012,2016b; Villaverde et al. 2015). Many sequences were obtained from the
previous phylogeny of Carex sect. Rhynchocystis by Miguez et al. (2017). We
newly produced a total of 72 sequences (see Appendix 1) from herbarium
material and freshly collected material from both archipelagos. The PCR
conditions and primers followed Miguez et al. (2017) for ITS, ETS, matK,
and rpl32-trnL"*8, and Shaw et al. (2007) for atpIH. The PCR products
were cleaned and sequenced, as described in Miguez et al. (2017). Likewise,
raw sequences were edited, assembled, and the matrices aligned and man-
ually adjusted, as indicated in Miguez et al. (2017). IUPAC symbols were
used to represent nucleotide ambiguities in ETS and ITS sequences. Edited
sequences were deposited in GenBank (Appendix 1). Five matrices were
built for phylogenetic analyses: 1) ETS; 2) ITS; 3) combined nDNA; 4) com-
bined cDNA; and 5) combined nDNA-cDNA. We performed Bayesian
inference (BI) and maximum likelihood (ML) analyses for all matrices. For
Bl analyses, substitution models were calculated for each DNA region sep-
arately under the Akaike information criterion (AIC) in jModeltest v. 2.1.3
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(Darriba et al. 2012). Given the relatively few indels within the matrices,
informative ones were coded manually as a fifth binary character state
and analyzed with Bl with the F81 model of sequence evolution as specified
in the MrBayes manual (Ronquist and Huelsenbeck 2003). We set two runs
each of four chains with 10 million generations in MrBayes v. 3.2.7a (Ron-
quist et al. 2012) as implemented in CIPRES Science Gateway (Miller et al.
2010), with a 20% burn-in. For ML, matrices were analyzed with RAXML
v. 8.2.12 (Stamatakis 2014), also implemented in CIPRES, under a GTR-
GAMMA model, with 1000 bootstrap replicates, and indels coded as speci-
fied above. To obtain the combined nDNA-cDNA matrix (44 accessions),
samples that lacked more than one DNA region were discarded, resulting
in 4.5% missing data (6.8% missing in atpIH, 4.5% in ITS, 0% in ETS, 4.5%
inmatK and 2.2% in rpl32-trnL ™). Phylogenetic analyses for the combined
nDNA-cDNA matrix were performed with and without coding indels to
explore its effect in the topology. The obtained trees were compared and
checked for incongruences of supported nodes with Bayesian posterior
probabilities > 0.95 and bootstrap support > 75% (Gehrke et al. 2010).

Haplotype Network—Genealogical relationships between plastid hap-
lotypes were obtained for a sampling subset that included only species of
the monophyletic group formed of C. agastachys, C. leviosa, C. pendula, and
C. sequeirae (lineage B; see phylogenetic results and Miguez et al. 2018).
We compiled a new matrix of 49 concatenated sequences of plastid markers
(atpIH-matK-rpl32-trnL"4%). Accessions lacking one or several of these
markers were excluded from that matrix. In total, we obtained four
concatenated sequences of C. leviosa, four of C. sequeirae, 24 of C. pendula,
and 14 of C. agastachys (see Appendix 1). Statistical parsimony analysis
was performed using TCSv. 1.21 (Clement et al. 2000). The maximum num-
ber of differences resulting from individual substitutions between haplo-
types was calculated with 95% confidence limits. The matrix was
analyzed with and without coding indels, in the same way as in the phylo-
genetic analyses.

Divergence-Time Estimation—We constructed a matrix of 16 combined
atpIH-ETS-ITS-matK-rpl32-trnL"4% sequences (aligned length 3519 sites):
eight from Carex sect. Rhynchocystis (one sequence per taxon), plus eight out-
groups (see Appendix 1). A dated phylogeny was estimated using BEAST v.
2.6.1 (Bouckaert et al. 2019), through the CIPRES Science Gateway (Miller
etal. 2010), following Miguez et al. (2017), unless otherwise noted. Two cal-
ibration points were enforced: 1) a fossil (C. limosioides Negru from the early
Miocene; Jiménez-Mejias et al. 2016b) to constrain the crown node of Carex
sect. Rhynchocystis, since its characteristics perfectly match those found
within the lineage (Jiménez-Mejias et al. 2016b); and 2) a secondary calibra-
tion obtained from Martin-Bravo et al. (2019a) to constrain the clade includ-
ing Carex sect. Rhynchocystis, Carex sect. Sylvaticae, Carex sect. Ceratocystis,
and Carex sect. Spirostachyae, implemented under a normal distribution
with a mean of 17.04 Ma, and a deviation of 1.0. Three independent runs
of 10 million generations each were conducted under a Yule tree prior. Con-
vergence, mixing of MCMC chains, ESS values, and burn-in were checked in
Tracerv.1.7.1(Rambautetal. 2018). Theresulting tree files from the different
runs were combined in a single file with Logcombiner v. 2.6.2 (Bouckaert
etal.2019), which was subsequently used to obtain a single Maximum clade
credibility tree with TreeAnnotator v. 2.6.2 (Bouckaert et al. 2019).

Macromorphological Study—The morphological study included a total
of 75 herbarium specimens from 13 herbaria (E, BM, K, LISU, M, MAD],
MADM, MHA, P, SEV, TUM, UPOS, UPS; Appendix 2, Miguez et al.
2021; abbreviations follow Thiers 2020). Our sampling was designed to
explore the morphological variation within the monophyletic group formed
by C. agastachys, C. leviosa, C. pendula, and C. sequeirae (lineage B; see phylo-
genetic results), and to specifically provide insights into the relationships of
the Macaronesian taxa of C. pendula, which grouped in previous morpho-
metricworks (Miguezetal. 2018). Herbarium vouchers were selected to rep-
resentatively cover the distribution range of the four species (see Miguez
et al. 2018): 23 specimens of C. agastachys; 28 specimens of C. pendula; nine
specimens of C. leviosa, representing five populations from four different
Azorean Islands (Sao Miguel, Faial, Pico, and Santa Maria; Appendix 2,
Miguez et al. 2021); and 15 specimens of C. sequeirae, representing at least
eight different populations from Madeira (some vouchers did not indicate
the exact location). All the material was manually measured, except the
three Madeiran specimens from K (Appendix 2, Miguez et al. 2021), which
were measured from high-resolution digital images. In our morphological
study, we considered 25 quantitative continuous (including one ratio),
seven quantitative discrete, and two qualitative characters (Table 1). They
were mainly based on the characters used in our previous taxonomic revi-
sion of the section (Miguez et al. 2018). Five characters were newly mea-
sured, based on our observations of the Macaronesian specimens: two
quantitative continuous, LTPS (Length of the awn of the pistillate glume)
and LAPSMF (Length of the male part of the proximal-most lateral spike);
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TasLE 1. List of characters measured in the macromorphometric study.

Abbreviations

ACHL Achene length
ACHL/ACL Ratio ACHL/ACL

Quantitative continuous variables

ACHW Achene width

ACL Length from the achene base to the maximum width

ASL Apical spike length

ASW Apical spike width

CLMW Culm width

DSFS Distance between the two uppermost lateral spikes

FSLP Peduncle length of the proximal-most lateral spike

PSL Most proximal spike length

PSW Most proximal spike width

LAPSMF Length of the apex in the proximal-most lateral spike
where male flowers are found

LTPS Length of the tips of the pistillate glume

LIGL Ligule length

LUMWD Length from the utricle base to its maximum width

MAXCLPM  Maximum length of the pistillate glume colored margin

PSCLL Pistillate glume length

PSCLW Maximum pistillate glume width

SLEAFW Maximum leaf width

SSCLL Glume length

SSCLW Maximum staminate glume width

UBL Utricle beak length

UL Utricle length

UMW Utricle maximum width

USL Utricle stalk length

Quantitative discrete variables

ASN Apical spikes number

LSN Lateral spikes number

PSDFS Peduncle scabrousness of the distal lateral spike
(measured in prickles per 0.5 cm?)

PSPFS Peduncle scabrousness of the proximal lateral spike
(measured in prickles per 0.5 cm?)

SAP Scabrousness of the awn of the pistillate glume (number of
prickles in the bristle)

SBL Scabrousness of the basal leaf (measured in prickles per
25 mm?)

SLI Scabrousness of the lower bract of the inflorescence
(measured in prickles per 25 mm®)

Qualitative variables
DLC Distal ligule color
PLC Proximal ligule color

and three quantitative discrete, SBL (Scabrousness of the basal leaf (mea-
sured in prickles per 25 mm?)),SAP (Scabrousness of theawn of the pistillate
glume (number of prickles on the awn)), and SLI (Scabrousness of the lower
bract of the inflorescence (number of prickles per 25 mm?)). The number of
prickles on the female spike peduncle was counted on the 0.5 cm distal por-
tion of the peduncles of the proximal and distal female spike. Two or three
mature stems were measured per specimen, and their averages included in
the analyses. Species descriptions were prepared according to a previous
taxonomic treatment of Carex sect. Rhynchocystis (Miguez et al. 2018). The
use of specific terminology regarding the utricle follows the recommenda-
tions established by Jiménez-Mejias et al. (2016a).

Statistical Analyses—Principal components analysis (PCA), discrimi-
nant function analysis (DFA), and the Mann-Whitney U Test were carried
out. Multivariate analyses were conducted following procedures by
Miguez et al. (2018). Analyses were performed using the software IBM
SPSS statistics v. 22 (Chicago, IL, USA).

PrinciPAL ComPONENT ANALYsIs (PCA)—We followed the sequential PCA
approach performed by Miguez etal. (2017) for Carex sect. Rhynchocystis and
inspired by Valcarcel and Vargas (2010) and Jiménez-Mejias et al. (2014).
Consecutive PCA were used to identify morphogroups. The PCA were con-
ducted using a correlation matrix to scale the characters (Manly 1994). To
achieve the best split among morphogroups, we first performed an explor-
atory PCA-Istarting with the 32 quantitative variables and including all the
samples, retaining later only those with the highest principal component
(PC) loadings and with the highest correlation coefficients, whenever the
correlation between characters was found not to be redundant. This charac-
ter purge allowed identifying morphogroups, i.e. separate clusters contain-
ing more than one species. The samples on the morphogroups formed by
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more than one species were split as a new subset and subsequently
re-analyzed separately, including again all the characters and performing
a new character purge. Kaiser-Meyer-Olkin’s measure of sampling ade-
quacy (KMO) and Bartlett’s test of sphericity were estimated to evaluate
the suitability of the data for finding structure and only principal compo-
nents with eigenvalues greater than 1 were retained (Valcarcel and Vargas
2010; Jiménez-Mejias et al. 2014). The process was repeated until only pairs
of species were retained for a PCA analysis. Details of the subsequent PCAs
were as follows:

For PCA-I, we used the complete dataset, which was composed of 75
specimens from the four species (C. agastachys, C. leviosa, C. pendula, and
C. sequeirae). After the character purge, a total of 11 variables were kept
for the final analysis (ACHL, ACHW, ASL, DLC, LSN, PLC, PSDFS, PSL,
SAP, SLI, and UMW). Since C. agastachys split from the other three species,
which overlapped in a single morphogroup (see results), the next subse-
quent analyses excluded C. agastachys.

For PCA-II, we used 51 specimens of C. pendula, C. leviosa,and C. sequeirae.
A total of 10 variables were kept for the final analysis (ACHL, ACHW, ACL,
ASL, LAPSMF, LSN, LTPS, LUMWD, SAP, and UL). Since C. pendula split
from the Macaronesian species, which still overlapped forming a single
morphogroup (see results), the next subsequent analyses excluded
C. pendula.

For PCA-III, we used 24 specimens belonging to C. leviosa and C. sequeirae.
A total of 9 variables were kept for the final analysis (ACHL, DLC, FSLP,
LAPSMF, PLC, PSCLL, PSCLW, PSW, and UBL).

The final morphogroups obtained at the end of each chain of consecutive
PCA were considered indicative of morphological distinctiveness within
the previously known phylogenetic framework of the section, implying
we consider these groups as homogeneous morphogroups.

DiscriviNaNT FUNCTION ANALYSIs (DFA)—After the identification of homo-
geneous morphogroups, DFA was performed using the variables included
in PCA-I, to assess taxonomically significant morphogroups as described in
Jiménez-Mejias et al. (2014). We considered as potentially significant those
groups correctly classified for 80% of excluded cases. We randomly selected
70% of all samples to perform the DFA using a cross-validation of the model
over these samples. Then, the remaining 30% of the samples were randomly
excluded from the analyses and used as a confirmatory blind control.

MaNN-WHITNEY U Test—To check for the most significant differences
among the two newly described species and C. pendula (where these were
previously subsumed), we performed a Mann-Whitney U test. The
Shapiro-Wilk normality test was carried out, which showed that most of
our data did not meet the assumption of normality. The Mann-Whitney U
test is a non-parametric test analog to the two-sample ¢ test (Campbell
and Swinscow 2009). Thelevel of significance was setatp < 0.01. These anal-
yses were run in R (R Development Core Team 2019).

Micromorphological Study—Micromorphology of the achene was
examined under scanning electron microscopy following the same proce-
dure as described in Miguez et al. (2018). We applied this treatment to
13 achenes (i.e. three from C. agastachys, five from C. leviosa, three from
C. sequeirae, and six from C. pendula; Appendix 2).

Informal Conservation Assessment—We evaluated the conservation
status of C. leviosa and C. sequeirae at the global level following criteria, cat-
egories, and guidelines from IUCN (2012, 2017). Area of occupancy (AOO)
and extent of occurrence (EOO) were calculated for C. sequeirae using the
GeoCAT tool (Bachman et al. 2011).

REesuLTs

Phylogenetic Analyses—The aligned matrix of the con-
catenated atpIH-ETS-ITS-matK-rpl32-trnL"'“ DNA regions
consisted of 44 sequences (Appendix 1) and 3536 sites, 13 of
which corresponded to coded indels (i.e. three in atpIH, ETS,
and rplSZ—trnLUAG each, and four inITS). The nucleotide substi-
tution model thatbest fiteach DNA regionbased onjModelTest
results were: K80 for ITS 5.8S, HKY for matK, GIR for atpIH,
GTR + G for rpl32-trnLY¥*“, and ETS, GTR + I + G for ITS1
and ITS2. Matrices with and without coding indels yielded
very similar topologies (Fig. 1, Appendix 3, Miguez et al.
2021, respectively) but slight differences in nodal support and
phylogenetic relationships within the C. pendula s. 1. clade
(see below). Analyses performed on the matrices with individ-
ualmarkers (ETSFig.S1,ITSFig.S2in Appendix 4, Miguezetal.
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2021), and nuclear and plastid concatenated datasets (cDNA
Fig. S3, nDNA Fig. 54 in Appendix 4, Miguez et al. 2021),
were congruent with the topology of the combined nDNA-
c¢DNA matrix with coded indels. For the sake of simplicity,
wewill discuss topological relationships based on the topology
recovered from thatlast, most comprehensive matrix (Fig. 1). B
and ML analyses strongly supported the monophyly of Carex
sect. Rhynchocystis with 1.0 posterior probability (PP) and
100% bootstrap support (BS), and Carex sect. Sylvaticae as its sis-
ter group (1 PP, 97% BS). The monophyly of all species within
Carex sect. Rhynchocystis was strongly supported (1 PP, >
98% BS), except for C. penduliformis (only one sample) and
mainland populations of C. pendula (i.e. C. pendula s. s., see
below). Two main lineages were moderate to strongly sup-
ported within Carex sect. Rhynchocystis: (lineage A) including
theMediterranean endemic C. microcarpa as sister to the African
C. bequaertii/ C. penduliformis (0.97 PP, 68% BS); and (lineage B) a
Western Palearctic lineage with C. agastachys as sister to the
C. pendula s. 1. clade, which contained C. pendula s. s. and the
Macaronesian taxa (0.95 PP, 80% BS). Within the C. pendula s.
L. clade, three main clades emerge: 1) C. pendula s. s. excluding
samples from Morocco and Cyprus; 2) C. sequeirae; and 3) C. lev-
iosa. The first was strongly supported by BI (1 PP) butnotby ML
(58% BS), whereas the other two were strongly supported (1PP,
> 99% BS). Populations from Morocco and Cyprus showed an
isolated phylogenetic placement that varied whether indels
were coded or not, and that produced a paraphyletic C. pendula
s.s. (Fig. 1, Appendix 3, Miguez et al. 2021). Interestingly, when
indels were coded, the population from Cyprus appeared as
sister to C. sequeirae (with support only in BI with 0.95 PP),
whereas that from Morocco was placed as sister to the remain-
der of C. pendulass. s., but without support (Fig. 1). On the other
hand, if indels were not coded, the accessions from Morocco
and Cyprus were retrieved as successive sisters to both
Macaronesian species, but only the sister relationship of the
population from Cyprus received high BI support (0.97 PP,
Appendix 3, Miguez et al. 2021).

Haplotype Analyses—When analyzing the plastid sequen-
ces of the C. pendula lineage (i.e. C. agastachys, C. leviosa, C. pen-
dula, and C. sequeirae) with statistical parsimony, 15 haplotypes
were identified when coding indels, all of them species-specific
(Fig. 2; Appendix 1). When indels were not coded (results not
shown), the retrieved haplotype network was almost identical,
exceptforapopulation of C. leviosa (AZO2) displaying the same
haplotype as three other populations (H14) instead of a differ-
ent one (H13) in the net obtained when indels were coded
(Fig. 2). As expected, C. agastachys haplotypes were very differ-
ent from those from C. pendula s. 1. Three different haplotypes
were found for C. leviosa (H13-H15) and five for C. sequeirae
(H8-H12). Carex leviosa and C. sequeirae were interconnected
through C. pendula by the haplotype H2. Theisolated C. pendula
haplotypes H2-H4 corresponded to C. pendula samples from
Morocco (H3), Cyprus (H4), and continental Portugal (H2).

Divergence-Time Estimation—Diversification of Carex sect.
Rhynchocystis (crown node) was estimated to have begun
16.13 Ma (95% highest posterior density (HPD) interval
15.97-16.5 Ma; Early-Middle Miocene; Fig. 3). Remarkably
synchronous diversification times, dated to the Middle-Late
Miocene, were retrieved for the two main lineages within the
section (lineage A: 11.5 Ma, 95% HPD 6.16-16.0 Ma; lineage
B: 11.6 Ma, 95% HPD 6.15-16.0 Ma; Fig. 3). An Early Pliocene
mean age (4.49 Ma) was obtained for the C. pendula s. 1. clade,
although with a wide confidence interval spanning from the
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Pleistocene to the Late Miocene (95% HPD 1.19-8.65). Finally,
the split between the Macaronesian C. leviosa and C. sequeirae
was dated around the end of the Plio-Pleistocene (2.22 Ma,
95% HPD 0.39-4.75 Ma).

Macromorphological Analyses—In all datasets, Kaisefs
measure of sampling adequacy was > 0.5, and Barletts test of
sphericity was significant. This implies that the sampling size
is suitable to be explored using PCA (Valcdrcel and Vargas
2010; Jiménez-Mejias et al. 2014). Principal components
extracted in each PCA are referred to as PC and numbered
using roman numerals. Three separate analyses of the morpho-
logical data were conducted using different combinations of
taxa. For the first analysis, all taxa were included. Subsequent
analyses removed distinctive morphogroups in order to inves-
tigate finer patterns of variation in the data.

PrincipaL. COMPONENT ANALYSIS (PCA)—In the PCA-I, we
extracted three principal components (PC) that accounted for
68.26% of the total variance (39.87%, 18.72%, and 9.67% respec-
tively). The scatter-plot PC-1 vs. PC-2 revealed a general struc-
ture with two major groups (Fig. 4A). One morphogroup
included the studied samples of C. pendulas. s., C. leviosa, and
C. sequeirae and the second morphogroup included all samples
of C. agastachys (Fig. 4A). The characters that contributed the
most to the first two components were ACHL, ACHW, and
PLC (Table 1).

In the PCA-IT we extracted three principal components (PC)
that accounted for 69.28% of the total variance (35.53%, 22.96%,
and 10.79%, respectively). The scatter-plots PC-1 vs. PC-2
revealed a general underlying structure with two mor-
phogroups, one including the samples of C. pendula s. s. and
another morphogroup, including C. leviosa and C. sequeirae
(Fig. 4B). The characters that contributed the most to the first
two components were ACL, LTPS, and SAP (Table 1).

In the PCA-III, we extracted three principal components (PC)
that accounted for 71.95% of the total variance (42.33%, 17.53%,
and 12.09%, respectively). The scatter-plots PC-1 vs. PC-2
revealed a clear separation between C. leviosa and C. sequeirae
(Fig. 4C). The characters that contributed the most to the first
two components were PSCLL, FSLP, and PSGLW (Table 1).

DiscriviNaNT FuncTioN ANALysis (DFA)—DFA analysis cor-
rectly classified 100% of the originally selected cases and
78.7% in the cross-validation (Appendix 5 Miguez et al.
2021). The analysis of unselected cases retrieved 82.6% of sam-
ples correctly classified (Appendix 5, Miguez et al. 2021). For
each of the four a priori groups (C. agastachys, C. leviosa, C. pen-
dula, and C. sequeirae), DFA retrieved more than 80% of
excluded cases correctly classified, except for C. pendula (75%;
Appendix 5, Miguez et al. 2021).

MANN-WHITNEY U Test—This test retrieved significant differ-
ences (p value < 0.01) between C. pendula and C. leviosa in eight
of 32 characters (Table 2). The remaining characters overlapped
in therange between both morphogroups. Similarly, the Mann-
Whitney U testretrieved significant differences (p value < 0.01)
in nine characters of 32 between C. pendula and C. sequeirae
(Table 2). Between C. leviosa and C. sequeirae, the Mann-
Whitney U test retrieved significant differences (p value <
0.01) in four characters of 32 (Table 2). Boxplots of the most dis-
criminant characters retrieved by DFA or with less than 25%
overlap are shown in Fig. 5.

Micromorphological Study—Two pictures with different
zoom were taken from each sample: an image of the entire
achene to visualize its shape (Fig. 6A-D), and a second picture
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showing the micromorphological features of the achene in
detail (Fig. 6E-H). Achenes of C. leviosa were narrowly ellipti-
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Scatter plot of the first principal components extracted from the PCA. A. (PCA-I) C. agastachys, C. leviosa, C. pendula, and C. sequeirae. B. (PCA-II) C.
leviosa, C. pendula, and C. sequeirae. C. (PCA-III) C. leviosa and C. sequeirae. Symbols depict the different species considered: C. agastachys = black circles; C. leviosa =
black triangles; C. pendula = white circles; C. sequeirae = white triangles.

cal, and those of C. sequeirae oblong-obovate. The epidermic
cells micromorphology was similar in all the studied species,
as already known for the other taxa in the section (Miguez

etal. 2018). Epidermic cells were polygonal, more or less isodi-
ametric, with straight anticlinal walls, a flattened to slightly
concave silica platform, and only one large central silica

body. No smaller silica bodies or double central bodies
were observed.

Discussion

Two New Species From Macaronesia Overlooked Within
C. pendula s. 1.—Our results show that there are two distinct
insular lineages (from Azores and Madeira) within C. pendula
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TasLE 2. Comparison among C. pendula, C. leviosa, and C. sequeirae based
on the studied macromorphological variables. Characters that display less
than 25% overlap in pairwise comparisons at species level are marked by
an asterisk (Character abbreviations specified in Table 1). Characters
found to be significantly different by the Mann-Whitney U test are
marked with a hash (#). Those fulfilling both conditions are highlighted
in bold.

C. leviosa

ASL*, DSFS*, LAPSMF",

LTPS*, PSCLL*, PSGLL',

SAP™, SLEAFW*,

UMW™
C. sequeirae  LAPSMF", LSN"*, PSCLL", ACHW, FSLP*, LAPSMF",
PSGLL"*, PSW*, UBL", LSN*, LTPS", PSCLL?,
UMW* PSL*, SAP*, SLI*, UL,

UMW*

C. pendula

C. pendula

s. 1. that deserve taxonomic recognition: C. leviosa and
C. sequeirae, respectively. Different lines of evidence, genetic
and morphological, support the rank of species for the popula-
tions of each of the two Macaronesian archipelagos. The
obtained phylogenetic relationships for Carex sect. Rhynchocys-
tis (Fig. 1; Appendix 3, Miguez et al. 2021) show that each of the
two insular population groups from Azores and Madeira con-
stitute strongly supported monophyletic groups nested within
a paraphyletic C. pendula s. s. (Fig. 1; Appendix 3, Miguez et al.
2021). All individual and combined nuclear and plastid matri-
ces also yielded monophyletic groups for each Macaronesian
population set (Appendix 4, Miguez et al. 2021). Each of them
has specific plastid haplotypes different between them and
C. pendula s. s. (Fig. 2). In addition, significant morphological
differences have been found between them and C. pendula s.
s.and C. agastachys. Our sequential PCA approach clearly sep-
arated samples from Azores and Madeira from those of main-
land C. agastachys and C. pendulas. s. (Fig. 4). Furthermore, DFA
confirmed the taxonomic validity of the identified mor-
phogroups corresponding to each of the studied species (>
80% of excluded cases correctly classified; Appendix 5, Miguez
etal. 2021), except for C. pendula (75%), which was attributed to
the low number of excluded cases, since the taxonomic validity
of this species has been previously tested with DFA for a more
extensive sampling (Miguez et al. 2017). Finally, up to seven-
teen of the measured characters were found to be different
among the two newly described species and C. pendula (Fig. 5;
Table 2). Moreover, the characterization of the bioclimatic niche
(Sanz-Arnal et al. unpubl. data) suggests that C. leviosa and C.
sequeirae are also ecologically differentiated from C. pendula s. s.

Our studies on Carex sect. Rhynchocystis have revealed unex-
pected taxonomic findings, all emphasizing that C. pendula in
its traditional concept (i.e. Kiikenthal 1909; Egorova 1999) con-
tained neglected (i.e. C. agastachys; Miguez et al. 2018) or unde-
scribed species (i.e. C. leviosa and C. sequeirae; this study).
Remarkably, C. pendula used to be considered a taxonomically
well-known and clearly defined species, with little (if any) tax-
onomical controversy around it. Previous studies in Carexhave
also uncovered new or neglected taxa from within supposedly
well-known species (e.g. Naczi et al. 1998; Benitez-Benitez et al.
2017) which suggests that unrecognized diversity may be still
waiting to be unveiled in Carex. This indicates that we are far
from a complete taxonomic overview of the planetary
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Fic. 5. Boxplots of the most discriminant characters retrieved by DFA or
with less than 25% overlap. The X-axis represents the considered species labeled
as follows: AGA (C. agastachys), LEV (C. leviosa), SEQ (C. sequeirae), PEN (C. pen-
dula). The boxes cover 50% of the data values ranging between the 25th and
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95th percentiles. The line within the box represents the median. Outlying values
are indicated by small “0”, and extreme values are indicated by asterisks.
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FiG. 6.  Scanning electron micrographs of the entire achene (A-D; scale bar 100 um) and detail of the achene surface (E-H; scale bar 10 pm) in C. agastachys (A, E);
C. leviosa (B, F); C. pendula (C, G); and C. sequeirae (D, H). Specimens used for the micromorphological study are indicated in Appendix 2 (Miguez et al. 2021).
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biodiversity and that integrative taxonomic revisionary works
(i.e. including different sources of evidence, such as phyloge-
netics, morphology, ecology and geography) are still much
needed even in allegedly well-known areas like the Western
Palearctic.

Paraphyly of C. pendula s. s.: Evolutionary and Taxonomic
Implications—While most populations of mainland C. pendula
s. s. clustered in our study, forming a well-supported mono-
phyletic group, the phylogenetic placement of the samples
from Morocco and Cyprus rendered C. pendula s. s. paraphy-
letic (Fig. 1, Appendices 3, 4). All considered species within
Carex sect. Rhynchocystis to date were found to constitute mono-
phyletic groups (Miguez et al. 2017, 2018; except for C. penduli-
formis for which monophyly has not been tested yet). The
recognition of paraphyletic taxa in biological classifications
has been a long-standing debate (e.g. Rieseberg and Brouillet
1994; Crisp and Chandler 1996; Nordal and Stedje 2005; Velasco
2008; Schmidt-Lebuhn 2012; among many others). However,
the phylogenetic scenario we obtained can be explained by tak-
ing into account the evolutionary history of C. pendulas.1.,and
in particular, the phylogenetic imprints of oceanic island speci-
ation. The finding of oceanic island endemic species nested
within a paraphyletic mainland ancestor is an expected out-
come of relatively recent peripatric speciation (also called bud-
ding speciation) involving peripherally isolated populations
(Emerson 2002; Funk and Omland 2003; Crawford 2010;
Anacker and Strauss 2014; Stuessy et al. 2014). The two Macaro-
nesian species match well with this pattern, in which two differ-
ent founder events could have taken place in Azores and
Madeira after colonization of the archipelagos by C. pendula-
like ancestors. This would have conveyed reproductive
isolation and genetic drift of the island populations, with
subsequent genetic differentiation resulting in two strongly-
supported lineages (Fig. 1; Appendix 3, Miguez et al. 2021),
with exclusive haplotypes (Fig. 2) and clear morphological dif-
ferentiation between them and C. pendula s. s. (Fig. 4). Morocco
and Cyprus C. pendulas. s. populations responsible for its para-
phyly likely belong to the ancestral mainland genetic stock
which has not yet disappeared due to incomplete lineage sort-
ing (Funk and Omland 2003; Vanderpoorten and Long 2006).
With time, extinction and sorting of ancestral haplotypes may
likely result in a monophyletic C. pendula s. s. (Crawford
2010; Anacker and Strauss 2014). This way, paraphyly in C. pen-
dulas.s.could be considered anatural transition stage initsevo-
lution (Horandl and Stuessy 2010). Paraphyletic species are
widely accepted as natural products of the evolutionary pro-
cess (Brummitt 2002; Horandl 2006; Horandl and Stuessy
2010). Furthermore, paraphyletic species have also been
detected and accepted in Carex (King and Roalson 2009;
Maguilla etal. 2015). We agree that species delimitation should
not solely be based on the phylogenetic species concept, but it
should also take into account cohesiveness and distinctiveness
(Stuessy et al. 2014).

As argued above, while a paraphyletic C. pendula does not
seem to pose too much of a conflict for the recognition at species
rank of C. leviosa and C. sequeirae, we cannot completely rule out
that the C. pendula populations from Cyprus and Morocco
might constitute cryptic taxa yet to be described. Future biosys-
tematic studies focusing on C. pendula in the Mediterranean
basin must elucidate whether these populations deserve taxo-
nomic recognition.

Colonization of Macaronesia by Carex sect. Rhynchocystis—
The haplotype network (Fig. 2) indicates at least two
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independent colonizations of Macaronesia from the mainland,
each accounting for the colonization of one archipelago
(Azores and Madeira). This is inferred by the fact that: 1) the
two sets of island populations do not share any haplotype
(orribotype; see Miguez etal.2017); and 2) they are not directly
related and appearas derived from those of C. pendulas. s. from
different parts of the network (Fig. 2). These colonizations
could have taken place by means of two long-distance dis-
persal events of C. pendula-like ancestors from the Western
Palearctic during the Plio-Pleistocene (2.22 Ma, 95% HPD
0.39-4.75Ma; Fig. 3). Most documented Macronesian plant col-
onizations have been inferred to have originated in the Medi-
terranean region (Carine et al. 2004). The divergence time of
the clade, including C. leviosa and C. sequeirae, is congruent
with the geological origin of both the Azores archipelago
(between ca. 0.3 and 6 Ma) and Madeira island (< 5.6 Ma) (Bor-
ges et al. 2008; Moura et al. 2019). Only one other section of
Carex, the closely related Carex sect. Spirostachyae (Fig. 1), is
alsorepresented by differentendemicspecies in the Macarone-
sian archipelagos (Appendix 6, Miguez et al. 2021): C. lowei
Bech (Madeira), C. hochstetteriana J. Gay ex Seub. (Azores),
and C. perraudieriana (Kiik. ex Bornm.) Gay ex Kuk. (Canary
Islands), all of them laurisilva-dwelling plants as C. leviosa
and C. sequeirae. However, in this case, the number of involved
colonizations of Macaronesia is not clear (Escudero et al. 2009;
Martin-Bravo and Escudero 2012). In addition, the divergence
time of at least some of these endemic species (i.e. C. lowei and
C. hochstetteriana) could date back to the Late Miocene (Escu-
dero et al. 2009; Martin-Bravo et al. 2019a). Interestingly, the
two other sections of Carex closely related to Carex sect. Rhyn-
chocystis also have one Azorean endemic each: C. vulcani
Hochst. ex Seub. (Carex sect. Sylvaticae), and C. demissa subsp.
cedercreutzii (Fagerstr.) J. Koopman (Carex sect. Ceratocystis).
In this case, the origin of these taxa seems to be placed in the
Pleistocene (Martin-Bravo et al. 2019a). Previous studies
have also remarked other shared biogeographic patterns
between these closely related sections of Carex (Martin-Bravo
et al. 2013; Miguez et al. 2017), which may reflect a common
evolutionary history. While C. lowei and C. hochstetteriana
could constitute paleoendemic species, the Plio-Pleistocene
origin inferred for C. sequeirae, C. leviosa, C. vulcani, and C.
demissa subsp. cedercreutzii suggests they could represent neo-
endemics (Kondraskov et al. 2015; Mairal et al. 2018). This
highlights the remarkable historical contribution of the genus
Carex to the assemblage of the Macaronesian flora from Neo-
gene times, and in particular, to laurisilva endemicity.
Taxonomic Diversity of Carex in Azores and Madeira—
Despite recent intense efforts towards an exhaustive biodiver-
sity checklist of these Macaronesian archipelagos (Borges et al.
2008, 2010), their catalog of life appears far from complete, as
exemplified by Carex. We performed a comparison between
the recent Carex checklists for Madeira and Azores (Jardim
and Menezes de Sequeira 2008; Silva et al. 2010, respectively),
and the national checklist (Menezes de Sequeira et al. 2012),
as well as chorological databases compiled by taxonomic
experts (Jiménez-Mejias and Luceno 2011; Govaerts et al.
2020), and specific works dealing with the evolution of Azorean
flora (Schaefer 2002; Schaefer et al. 2011). Surprisingly, this
comparison revealed incongruences for up to 20 of the 29
taxa reported for both archipelagos by these relevant checklists
(Appendix 6, Miguezetal. 2021). These affectnot only the num-
ber and identity of Carex taxa present in the archipelagos but
also their native and taxonomic status (Appendix 6, Miguez
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etal. 2021). We integrate all the available information and pre-
sent an updated and cross-checked diversity account of Carex
for the Azores and Madeira (Appendix 6, Miguez et al. 2021;
including the species herein described). We recognize 20 taxa
for the Azores, of which 12 are native (five endemic), four intro-
duced, and four of doubtful occurrence and/or status. For
Madeira, we recognize 11 taxa, of which ten are native (two
endemic), and one of doubtful status. Nonetheless, a critical
revision of Carex in Macaronesia is needed.

The number of vascular plant taxa, particularly of native and
endemics, is considerably lower in Azores (1120 taxa, 209
native, 69 endemics; Schaefer pers. obs.) than in Madeira
(1204 taxa, 708 native, 154 endemics; Jardim and Menezes de
Sequeira 2008). However, taking into account only native spe-
cies, the degree of endemism in Azores is comparatively higher
than in Madeira (33.2% vs. 21.7%, respectively). In addition,
few Azorean endemics are restricted to a single island; most
are widespread within the archipelago. These features have
been termed the “Azores diversity enigma” (Carine and
Schaefer 2010), which has been explained by geological, geo-
graphical, and ecological attributes of the archipelago (Triantis
etal.2012), as well as to an incomplete taxonomic knowledge of
Azorean plant diversity (Schaefer etal. 2011; Connor etal. 2013;
Moura et al. 2019). Interestingly, Carex displays an opposite
pattern of taxonomic diversity, with more native (12 vs. 10)
and endemic (five vs. two) taxa in Azores than in Madeira
(Appendix 6, Miguez et al. 2021). This could be related to the
inverted latitudinal species richness gradient, which is well-
known at the globallevelin Carex (Escuderoetal.2012). It could
also be applicable at the regional level in Macaronesia, espe-
cially taking into account that the diversity of Carex in the
Canary Islands (11 taxa, of which two are endemic; Acebes-
Ginovés et al. 2010, Martin-Bravo et al. 2019b) and Cape Verde
(two taxa, both endemic; Sanchez-Pinto et al. 2005) is progres-
sively lower.

TaxoNomIC TREATMENT

The following treatment accounts for the variation of Carex
sect. Rhynchocystis in the Macaronesian archipelagos of Azores
(C. leviosa) and Madeira (C. sequeirae) (Table 3). Since the newly
considered taxa are split from a formerly more widely con-
ceived C. pendula, we also included a description of the result-
ing more narrowly circumscribed C. pendula.

Carex leviosa Miguez, Jim.-Mejias, H. Schaef. & Martin-Bravo,
sp. nov. Type: AzOrEs. Sao Miguel Island, NW part of the
island, between Mosteiros and Pilar de Bretanha, Joao
Bom, about 500 meters before the village; dry stream in
ravine, humid and shady understory in lauroid forest
with many introduced species. 26 August 2015. S. Martin-
Bravo and L. Bellon 136SMB15 (holotype: UPOS-6520!, iso-
types: MA!, MADJ!).

Carex leviosa differs from C. pendula mainly (Table 3) by its
pistillate glumes conspicuously longer than the utricles (vs.
equaling or shorter than the utricles), with a long and scabrid
awn and with hyaline margins (vs. acute or mucronate, gla-
brous in all of its surface, and without hyaline margin).

Stems 150-250 cm X 2-4 mm, smooth. Leaf-blades
10-20 mm wide. Ligule (10-)15-32(—40) mm long, reddish to
purple-reddish, apex acute or emarginated. Basal sheaths
reddish to purple-reddish entire and scale-like. Inflorescence
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racemose with 1 male spike and 1 female spike clustered at
the apex and (3-)4-6(-7) lateral female spikes; lowest bract
leaf-like slightly shorter than the inflorescence. Male spike
(75-)115-151(-185) X 3-5 mm, entirely male, fusiform, nod-
ding, sessile. Lateral spike 120-170 X 5-7 mm, entirely female
rarely very shortly androgynous, long cylindrical, nodding
to pendulous, long-pedunculated with peduncle (10-)18-
107(150) mm long distal ones with the peduncle progressively
shorter sparsely scabrid, all with a tubular cladoprophyll at the
base. Staminate glumes 3.4-7.5 X 0.7-1.1 mm linear oblong or
narrowly obovate, brown, midrib prolonged in a scabrid awn.
Pistillate glumes 3-4.9(-7) X 0.7-1.2 mm, narrowly ovate to
narrowly obovate, body longer than the utricles, brown with
hyaline margins, midrib pale prolonged into a scabrid awn
(0.4-)0.7-1 mm long. Utricles 2.5-3.1 X 0.7-1.1 mm, ellipsoid,
prominently veined, greenish to brown at maturity, apex grad-
ually attenuated into a beak, beak 0.2-0.5 mm long. Achenes
(1.1-)1.4-19 X 0.7-0.9 mm, narrowly elliptical, brown.
Figure 7.

Distribution—Carex leviosa is endemic to the Azores archi-
pelago (Portugal) [AZO], where it is distributed in all nine
main islands (Corvo, Faial, Flores, Graciosa, Pico, Santa Maria,
Terceira, Sao Miguel, and Sao Jorge).

Habitat—The species is found in shady and humid lauri-
silva forest understory (often dominated by the invasive Aus-
tralian Pittosporum undulatum); also in coastal Morella-Picconia
forest and old plantations of the Japanese Cedar (Cryptomeria
japonica), at 0-800 m a. s. 1.

Phenology—Plants flower from July to September.

Etymology—The species epithet was proposed by Paula and
Raquel Herrero Miguez, Ménica Miguez’s daughters. It refers
to the magic levitation spell “Wingardium Leviosa” (pro-
nounced “leviOsa, not leviosA,” as quoting Hermione in the
book Harry Potter and the Sorcerer’s Stone), from J. K. Rowling’s
Harry Potter universe, as the thick lateral spikes of C. leviosa
hang from thin long-peduncles looking like they are levitating
in the air. The resulting term is analogous to the meaning of the
epithet of the species in which C. leviosa was included until now
(i.e. C. pendula), which means ‘hanging.” The selected epithet
intends to commemorate Paula and Raquel, who are great
fans of the Harry Potter book series and movies. At the same
time, we want the epithet to also serve as a tribute to J. K. Row-
ling, writer of the Harry Potter books, because of her dedication
and concern about conservation of nature and wildlife as
expressed in her work Fantastic Beasts and Where to Find Them
(Rowling 2001).

Informal Conservation Status—The species is distributed
in all Azores islands, and with numerous populations across
most of them (Schaefer pers. obs). It has been considered not
endangered and common in Azores (Schaefer et al. 2011),
although it can be locally scarce on the drier islands (Santa
Maria and Graciosa; Schaefer 2002; Schaefer pers. obs.). There-
fore, the species does not appear to fulfill any of the [UCN cri-
teria IUCN 2012) required to be classified as endangered, and
we hypothesize that if a formal conservation assessment were
performed the conservation status would be Least Con-
cern (LC).

Carex PENDULA Huds. F1. Angl.: 352 (1762). Type: Morison. 1699.
P1. Hist. Univ. Oxon. 3m, sect. 8. tab. 12. Fig. 4. (Neotype des-
ignated by Egorova (1999)). England. London, Hampstead
Heath, between Hampstead and Highgate, Ken Wood lake
—vc 21, Middlesex. M. A. Spencer MAS-2012-040 (epitype:
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TabLE 3. Comparison of the main diagnostic morphological characters distinguishing C. leviosa, C. pendula, and C. sequeirae.
C. leviosa C. pendula C. sequeirae

150-250 cm X 24 mm

(10)18-107(150) mm, sparsely
scabrid

1 male spike and 1 female spike
clustered at the apex, and
(3-)4-6(-7) female lateral spikes,
exceptionally shortly
androgynous

Conspicuously longer (3—4.9(7) mm
long) than the utricles, ratio
utricle length/pistillate glume

Stems
Peduncle of lowermost spike

Inflorescence spike composition

Pistillate glume

length < 1;
apex long-awned, with hyaline
margin

Utricle 2.5-3.1 X 0.7-1.1 mm

Achene Narrowly ellipsoid (1.1)1.4-1.9 X

0.7-0.9 mm

50-180(240) cm X 2-4(6) mm

(0)20-45(90) mm, smooth or
sparsely scabrid

Inflorescence with 1(2) male apical
spikes, and 4-6(7) female, lateral
spikes exceptionally shortly
androgynous

Equal to or shorter (2.5-2.8(3.9) mm
long) than the utricle, ratio
utricle length/pistillate glume
length = 1;
apex acute or mucronate,
without hyaline margin

(1.4)2-3.6 X (0.5)1.1-1.5 mm

Ellipsoid (1)1.4-1.7(2.1) X
(0.4)0.7-1(1.5) mm

< 100 cm X (1.4)1.9-2.8(3.4) mm
(0)40-95(160) mm, usually smooth

Inflorescence with 1-2(5) male
spikes at the apex, and 4-6(8)
androgynous lateral spikes, with
a male tip 10-30 mm long

Generally shorter (1.8-2.6(3.7) mm
long) than the utricles or shortly
surpassing it, utricle length/
pistillate glume length = 1;
apex usually awned, without
hyaline margin

(1.4)2.2-2.5(3.1) X 0.6-0.8(1.6) mm

Oblong-obovate 0.9-1.6(2.2) X
(0.3)0.5-1 mm

BM-001074530!, designated by Jiménez-Mejias et al. 2017;
isoepitype: UPOS-5004!).

Carex maxima Scop., Fl. Carniol. ed. 2. 2: 229 (1772). Type: SLOVE-
NIA. Carniola. G.A. Scopoli s.n. (lectotype: LINN-1100.94!;
designated by Jiménez-Mejias et al. 2017).

Stems 50-180(—240) cm X 2-4(-6) mm smooth or slightly
scabrid distally. Leaf-blades (6-)10-14(-19) mm wide. Ligule
20-37(-65) mm long, whitish hyaline becoming brownish
when dry rarely slightly reddish-tinged, apex acute to sub-
acute. Basal sheaths inconspicuous dark brown or reddish;
often the stem bases covered by marcescent leaves light brown.
Inflorescence with 1(-2) male spikes at the apex and 4-6(-8) lat-
eral female spikesrarely shortly androgynous;lowermostbract
leaf-like equaling or slightly shorter than the inflorescence.
Male spike (20-)85-113(-130) X (2.5-)4-6(-9) mm, fusiform
or cylindrical erect, spreading or nodding, sessile or subsessile,
sometimes with a peduncle up to 2.5 cm. Lateral spikes
(85-)110-155(-170) X 3-6(-8) mm, entirely female rarely very
shortly androgynous and then with male tips < 5 mm, long-
cylindrical, flexuose, spreading or pendulous, subsessile or
with peduncles (0-)20-45(-90) mm, usually smooth rarely
sparsely scabrid. Staminate glumes 3.6-6.6(-9.8) X
0.5-1(-1.9) mm, linear, oblong or narrowly obovate, apex acute,
reddish-brown with a hyaline midrib. Pistillate glumes
2.5-2.8(-3.9) X 0.7-1.2 mm, narrowly ovate to narrowly
obovate, mucronate, the body generally shorter than the
utricles or shortly surpassing them, reddish-brown with a
greenish midrib, tipped by a mucro 0-0.5 mm long. Utricles
(1.4-)2-3.6 X (0.5-)1.1-1.5 mm, ovoid or ellipsoid, greenish or
yellowish-green, beak 0.2-0.5 mm, apex truncate. Achenes
(1-)1.4-1.7(2.1) X (0.4-)0.7-1(-1.5) mm, elliptical with the
maximum width at the middle or slightly above it, brown to
straw-colored . See Miguez et al. 2018, Fig. 8, for detailed
iconography.

Distribution—Carex pendula is found in Europe and the
Mediterranean, including northwestern Africa and the Medi-
terranean shores of southwestern Asia, introduced in New Zea-
land and North America. ALB, ALG, BGM, cal, chs, COR, CYP,
DEN, EAL FRA, GER, GRB, GRC, BEL, DEN, HUN, IRE, IRQ?,
ITA,KRI, LBS,MOR, NET, nzs, ore, PAL?, POR, SAR, SIC, SPA,
swe, SWI, TUN, TUR, YUG_CR, YUG_MN, YUG_SL (geo-
graphic region abbreviations follow Brummitt 2001).

Habitat—The species is usually found in riparian forests
beside streams on damp clayish soils, at 25-1370 m a. s. 1.

Phenology—Plants flower from (March) April to
August (December).

Etymology—The specific epithet is from the Latin
“pendulus” meaning hanging, in reference to the pendulous
lateral spikes.

Informal Conservation Status—The wide distribution of C.
pendula and a large number of known populations across the
Western Palearctic prevents the application of any of IUCN
endangered categories. We therefore hypothesize that if a for-
mal conservation assessment were performed, the conserva-
tion status would be Least Concern (LC).

Carex sequeirae Miguez, Jim.-Mejias, Benitez-Benitez & Martin-
Bravo., sp. nov. TyPE: MADERA. Madeira Island, Ilha, road
that goes down the riverbank from the town center; 279 m
a.s.1,32°48'30.8”N, 16°55'13.4”W; near a waterfall, accom-
panying vegetation: ferns, rhododendrons. 1 June 2018. C.
Benitez-Benitez and M. Miguez 66CBB18 (holotype: UPOS-
10570, isotypes: MA!, MADIJ!).

Carex myosuroides Lowe, Trans. Cambridge Philos. Soc. 4(1): 10
(1833), nom. illeg., non Carex myosuroides Vill., Prosp. Hist.
P1. Dauphiné: 17 (1779). Type: Madeira. ‘653. Carex myosur-
oides, from Rev. M. Lowe. 1837 (neotype: K-000363419!;
designated by Miguez et al. 2018).

Carex pendulavar. myosuroides Boott., Ill. Gen. Carex 4: 197 (1867).
TypE: MADEIRA. “653. Carex myosuroides, Madeira, from Rev.
M. Lowe. 1837". (lectotype: K-000363419!; designated by
Miguez et al. 2018).

Carex sequeirae differs from C. pendula (Table 3) by its invari-
ably androgynous lateral spikes, terminated in a narrowly con-
ical tip 10-30 mm long of staminate flowers (vs. lateral spikes
female, exceptionally shortly androgynous), and by its
oblong-obovate nutlets (vs. elliptical in C. pendula).

Stems < 100 cm X (1.4-)1.9-2.8(-3.4) mm, smooth. Leaf-
blades9-16 mm wide; ligule (10-)18-25(-32) mm long, whitish
hyaline becoming brownish when dry, apex acute to subacute;
basal sheaths scale-like reddish. Inflorescence with 1-2(-5)
male spikes at the apex and 4-6(8) lateral androgynous spikes;
lowermost bract leaf-like equaling or slightly shorter than the
inflorescence. Male spikes (50-)100-155(-200) X 4-6 mm
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FiG. 7. Botanical illustration of the holotype of Carex leviosa Miguez et al. Portugal, Azores, San Miguel, NW of the island, between Mosteiros and Pilar de
Bretanha, 26 August 2015, S. Martin-Bravo and L. Bellon 136 SMB15 (UPOS-6520). A. Culm base. B. Ligule. C. Inflorescence. D. Male and female spikes clustered at
apex. E. Pistillate glume. F. Staminate glume. G. Utricle. H. Achene. Drawing by F. Miguez.
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long-fusiform, nodding, subsessile. Lateral spikes (115-)130-
240(-260) X 3-5(-8) mm frequently shortly androgynous and
finished in a conical tip (7-)15-24(-30) mm containing stami-
nate flowers; long-cylindrical, flexuose, spreading or pendu-
lous. Distal spikes sessile or subsessile, proximal spikes with
peduncle longer as lower the spike, peduncle (0-)40-95(-160)
mm usually smooth. Staminate glumes (3.4-)4.6-7(0.35) X
0.6-0.9(-1.2) mm linear oblong or narrowly obovate, apexacute
to subrounded, brownish with a midrib. Pistillate glumes
1.8-2.6(-3.7) X 0.5-1 mm, narrowly ovate to narrowly obovate,
the body generally shorter than the utricles or shortly surpass-
ing them, reddish-brown with a greenish midrib prolongedina
scabrid awn 0.4-0.7 mm. Utricles (1.4-)2.2-2.5(-3.1) X 0.6—
0.8(-1.6) mm ovoid or ellipsoid, greenish, red-dotted; beak
0.1-0.3 mm, apex truncated. Achenes 0.9-1.6(-2.2) X (0.3-)
0.5-1 mm oblong-obovate, brownish to yellowish. Figure 8.
Distribution—The species is found on Madeiraisland [MDR].
Habitat—Carex sequeirae is found on wet soils in shaded
laurisilva understory mainly along irrigation channels (leva-
das) and streams, at 130-600 m a. s. L.
Phenology—Plants flower from April to June.
Etymology—The specific epithet, sequeirae, honors Prof. Dr.
Miguel Pinto da Silva Menezes de Sequeira (born 1964),
renowned Portuguese botanist living and working in Madeira
and Professor of the University of Madeira. We would like to
acknowledge him for his passionate and tireless activity in
favor of the study and conservation of Madeiran native flora.
Informal Conservation Status—In contrast to C. leviosa,
C. sequeiraeis a rare and restricted species with very few known
persisting populations (four) in the north of Madeira, all of
them comprising very few individuals. A total of at least
eight populations were deduced from the studied material
(Appendix 2, Miguez et al. 2021). However, during recent
fieldwork in Madeira (Miguez and Benitez-Benitez pers. obs.;
Menezes de Sequeira pers. obs.), we could only confirm the
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persistence of four populations, the destruction of at least one
historical population near the capital (Funchal) by infrastruc-
ture development, and the apparent absence of living individ-
uals in the remaining three populations, although further
exhaustive field surveys are needed to search for additional
individuals/populations. The four known populations are
enclosed in an extent of occurrence (EOO) of only 10.64 km?.
This would point to the application of criteria B1 of the Criti-
cally Endangered (EN) category (threshold of 100 km? TUCN
2012). In addition, the destruction of at least one population
also conveying a reduction in the EOO, AOO, and the number
of individuals fulfills condition B1b (i, i, iv, v). However, the
number of locations (i.e. four) does not fulfill the condition
and, therefore, prevents the application of CR category since
two conditions of criteria B must be fulfilled. Nonetheless, we
could only observe a total of 28 living individuals in the field
(ranging between 5-10 per population), which would qualify
the species as critically endangered (CR) under criterion D.
Therefore, with the currently available data, we hypothesize
that if a formal conservation assessment were performed, the
conservation status of this species would be CR (D). Interest-
ingly, an abnormally high proportion of the individuals
observed in the field displayed aborted achenes and morpho-
logical aberrations possibly caused by fungal infestation
(Menezes de Sequeira pers. obs.), which could be related to
genetic problems derived from the extremely low population
size (e.g. inbreeding depression; Kariyat et al. 2012).

Despite being a restricted and endangered endemic, the con-
servation of C. sequeirae has been neglected due to its masking
under C. pendula, a widespread and frequently abundant spe-
ciesacrossits range. Given the alarminglikely conservation sta-
tus of this species, we stress here the urgent need of both in-situ
and ex-situ conservation programs, as well as its inclusion in
conservation legislation to enforce legal protection in order to
safeguard its future.

KEY TO THE SPECIES OF CAREX SECTION RHYNCHOCYSTIS

1. Uppermost spike with male and female flowers intermingled, rarely entirely male. ................ .. .. ... ... ... ... ...l C. bequaertii
2. Pistillate glumes brown, middle nerve usually lighter than the sides; ligule subacute, sometimes emarginated. .. ..... C. bequaertii subsp. bequaertii
2. Pistillate glumes light brown, middle nerve usually darker than the sides; ligule emarginated. ......................... C. bequaertii subsp. mossii
1. Uppermost spike entirely male, rarely bearing female flowers intermingled with themaleones............ ... ... ... .. ... ... ... ... ... 3

All spikes erect or slightly spreading, subsessile, rarely the lowermost one with a peduncle up to 50 mm; leaves strongly coriaceous, 4-9 mm wide;

stems 40-100 cm long; peduncle of the proximal female spike smooth

.......................................................... C. microcarpa

3. Atleast the lowermost spike conspicuously pendulous when mature, with a peduncle (0)25-100(160) mm; leaves herbaceous, not coriaceous, (6)9-20
mm wide; stems usually more than (50)100 cm long; peduncle of the proximal female spike smooth to scabrid ......................... ... .. 4
4. Uppermost two to five lateral spikes sessile or subsessile, closely arranged, separated by short internodes 5-7 mm long; mature utricles and

achenes dark-brown toblackish. .............. .. .. ... ...,

......................................................... C. penduliformis

4. Uppermost two lateral spikes usually pedunculate, rarely sessile or subsessile, separated by conspicuous internodes (2)20-100 mm long, most
proximal ones with internodes even longer; mature utricles and achenes greenish, yellowish, orbrown......................... .. . ... 5

5. DPistillate glume conspicuously longer than the utricles, with ratio utricle length /pistillate glume length < 1; pistillate glume long-awned
(awn (0.4-)0.7-1 mm long); inflorescence with 1 male spike and 1 female spike clustered at the apex, and 4-7 lateral spikes, female or excep-

tionally shortly androgynous ..........................

................................................................ C. leviosa

5. Pistillate glume equaling or shorter than the utricle, with ratio utricle length/ pistillate glume length = 1; pistillate glume apex acute, mucro-
nated or awned (awn 0-0.7 mm long); inflorescence with 1(2) male apical spikes, and (3)4-6(8) lateral spikes, female or androgynous. . .6

6. Achenemarkedly obovate, with the widest point near the top; ligule of the upper leaves and bracts conspicuosly red or reddish purple;
peduncle of the lowermost spike conspicuously scabrid; utricle beak bidentate or truncate .......................... C. agastachys

6. Acheneellipsoid or oblong-obovate, with the widest point at the middle or slightly above it; ligule of the upper leaves and bracts whit-
ishhyaline, becoming pale brown or orangish when dry, very rarely slightly reddish-tinged; peduncle of the lowermost spike smooth

or very sparsely scabrid; utricle beak truncate . . .. ..
7.

Lateral spikes female, sometimes the proximal-most one(s) shortly androgynous and then with a male tip < 5mm long; pistillate

glumes acute or mucronate, mucro 0-0.5 mm long

............................................................ C. pendula

7. Alllateral spikes androgynous, tipped by a narrowly conical male part (7-)15-24(-30) mm long; pistillate glumes awned, awn

04-07mmlong......................... ...

............................................................. C. sequeirae
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Fic. 8. Botanical illustration of Carex sequeirae Miguez et al. Portugal, North side of Madeira by rivulets, 1837. J. Boott s.n. (K-000363417). A. Ligule. B. Inflo-
rescence. C. Male apical spike. D. Staminate glume. E. Uppermost lateral spike. F. Pistillate glume. G. Utricle. H. Achene. Drawing by F. Miguez.
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12627, #MW366384, #MW366392, #MW296222, #MW286369, #MW286376,
H12, PA. C. sequeirae (MDR5), Portugal, Madeira, Ilha, C. Benitez-Benitez
66CBB18(1), UPOS-10570, #MW366385, #MW366393, #MW296223,
#MW286370, #MW286377, H11, PA.

Outgroup: Carex demissa Hornem.: C. demissa (MOR), Morocco, Rif,
P. Jiménez-Mejias et al. 93PJM07, UPOS-3517, JN634656, KU939524, *,
KU939680, KU939759, PA, DA. Carex flava L: C. flava (NOR), Norway,
Laponia, Skjervoy, M. Luceno & M. Guzman 4005ML, UPOS-403,
AY278310, KU939525, #MW296187, KU939681, KU939760, PA, DA.
Carex reuteriana Boiss.: C. reuteriana (SPA), Spain, Céceres, P. Jiménez-
Mejias 57PJM07, UPOS-5957, KU939602, KU939520, #MW296186,
KU939676, JN222833, PA, DA. Carex trinervis Dumort.: C. trinervis
(SPA), Spain, Huelva, P. Jiménez-Mejias 43PJM07, UPOS-2205,
KU939603, KU939521, #MW296188, KU939677, KU939756, PA, DA.
Carex distans L.: C. distans (IRA), Iran, Azerbaijan, Paygham-Marzrou,
M. Amini Rad s.n., IRAN-38662/1, EU812723, KU939522, *, KU939678,
KU939757, PA, DA. Carex punctata Gaudin: C. punctata (KRI), Greece,
Crete, Chania, S. Martin-Bravo & M. Luceno 381SMB05, UPQS-257,
DQ384178, KU939523, *, KU939679, KU939758, PA, DA. Carex sylvatica
Huds.: C. sylvatica (SWI), Switzerland, Basel, Lechowicz s.n., MTMG,
AY757599, AY757660, #MW296190, JN896090 (U.K, Glamorgan
NMW175, s.n.), KU939761, PA. DA. C. rainbowii Luceno, Jim.-Mejias,
M. Escudero & Martin-Bravo: C. rainbowii (NAT), South Africa, Rainbow
Gorge, S. Martin-Bravo & M. Luceno 120SMB11, UPOS-5030, KC122380,
KC122388, #MW296189, KU939682, KU939762, PA, DA.
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