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Abstract

Despite centuries of work, the basic taxonomic knowledge of the flora of the Iberian Peninsula is still
incomplete, especially for highly diverse and/or difficult genera such as Carex. In this study, we conducted
an integrative systematic study based on molecular, morphological and cytogenetic data to elucidate the
taxonomic status of several problematic Carex populations from La Mancha region (S Spain) belonging
to Carex sect. Phacocystis. These populations have been traditionally considered of uncertain taxonomic
adscription, but close to C. reuteriana due to their morphological appearance and ecological preferences. A
detailed morphological and cytogenetic study was performed on 16 La Mancha’s problematic populations
(Sierra Madrona and Montes de Toledo) to compare them with the other Iberian sect. Phacocystis species.
In addition, a phylogenetic analysis was conducted using two nuclear (ITS, ETS) and two plastid (rp/32-
trnLYC, yefb-psbM) DNA regions, including representatives from all species of sect. Phacocystis. We found a
significant degree of molecular and morphological differentiation that supports the recognition of La Man-
cha’s problematic populations as a new Iberian endemic species, described here as Carex quixotiana Ben.
Benitez, Martin-Bravo, Lucefio & Jim.Mejias. Our results reveal that C. quixotiana, unexpectedly, is more
closely related to C. nigra than to C. reuteriana on the basis of phylogenetic relationships and chromosome
number. These contrasting patterns reflect the taxonomic complexity in sect. Phacocystis and highlight the
need for integrative systematic approaches to disentangle such complicated evolutionary scenarios.
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Introduction

The Iberian Peninsula is one of the three large peninsulas of Southern Europe pro-
jecting into the Mediterranean Sea, and as such, it harbours a high diversity of plant
species and endemism relative to the rest of Europe (Myers et al. 2000; Mittermeier
etal. 2011; Vargas 2020). Phytogeographically, it is part of the Mediterranean Basin
biodiversity hotspot (Myers et al. 2000; Mittermeier et al. 2011). Carex L. (Cyper-
aceae) is among the three most speciose angiosperm genera in the Iberian Peninsula
(Aedo et al. 2017). Floras, monographs and checklists published from the second half
of the 20™ century have progressively increased the number of reported Carex native
taxa in the Iberian Peninsula (Vicioso 1959: 74 taxa; Chater 1980: 95 taxa; Lucefio
and Aedo 1994: 98 taxa; Lucefio 2008: 101 taxa; Luceno et al. unpublished data: 108
taxa). These studies, along with the finding of new Iberian records (e.g., C. cespitosa,
Jiménez-Mejias et al. 2007), re-evaluation of neglected taxa (e.g., C. paui, Benitez-
Benitez et al. 2017; Troia et al. 2018) or even description of new ones (e.g., C. lu-
cennoiberica, Maguilla and Escudero 2016; C. camposii subsp. tejedensis, Sdnchez-
Villegas et al. 2022), demonstrate that the taxonomic and biogeographic knowledge
of Carex in this territory is still in progress.

Section Phacocystis Dumort. (subg. Carex) is among the largest sections of Carex
(ca. 112 spp. in Roalson et al. 2021), although the number of taxa differs consider-
ably among treatments (see Benitez-Benitez et al. 2021). It has a sub-cosmopolitan
distribution that somewhat mirrors that of the whole genus, with higher species di-
versity in temperate and cold areas in the Northern Hemisphere, but also with several
species present in the Southern Hemisphere (Benitez-Benitez et al. 2021). The typical
ecological requirements of the section include habitats with high water availability,
such as wetlands, river shores, mountain bogs and wet coastal sands, which are mostly
in freshwater systems, although a few high latitude species also grow in halophytic
environments. In the Iberian Peninsula, it is represented by six species and eight taxa:
C. acuta L., C. cespitosa L., C. elata All. subsp. elata, C. nigra (L.) Reichard subsp.
nigra, C. nigra subsp. intricata (Tineo ex Guss.) Rivas Mart., C. reuteriana Boiss. subsp.
reuteriana, C. reuteriana subsp. mauritanica (Boiss. & Reut.) Jim.Mejias & Luceio,
and C. zrinervis Degl. Section Phacocystis is one of the most controversial Carex groups
from a taxonomic perspective, as species in the group are affected by the complex inter-
play of high intraspecific morphological variability, faint species boundaries, and inter-
specific hybridization (see references in Jiménez-Mejias et al. 2014a; Benitez-Benitez
et al. 2021). In addition, the use of certain species as taxonomic hotchpotches (e.g.,
C. acuta, C. cespitosa), and frequent misidentifications during the taxonomic history
of sect. Phacocystis, have greatly obscured the knowledge of the group in certain areas
(e.g., Jiménez-Mejias and Martinetto 2013; Jiménez-Mejias et al. 2014b). An example
of this among the Iberian taxa of sect. Phacocystis may be observed in C. elata and
C. reuteriana, for which different taxa have been miscited or even confused with other
species such as C. acuta or C. nigra (Luceno and Aedo 1994; Jiménez-Mejias et al.
2011, 2020).



Carex quixotiana, a new Iberian endemic species 163

22000m

Y Carex quixotiana

— Autonomous Communities
— Provinces

— Main rivers

Figure . Distribution map representing the studied populations of Carex quixotiana.

La Mancha (Fig. 1) is a natural and historical region placed in the south-southeast-
ern limit of the Iberian Central Plateau, mostly belonging to the Guadiana River basin.
It is popularly known as the main setting for Miguel de Cervantes’s (1547-1616) novel
Don Quixote (de Cervantes 1605, 1615). At an approximate average elevation of 500—
600 m, La Mancha has a relatively cold, semi-arid climate and low topographic relief.
The region is delimited by Sierra Morena to the south, Montes de Toledo to the north,
and Sierra de Alcaraz to the east (Fig. 1), all delimiting the Guadiana basin, and Las
Villuercas to the west, across which the River Guadiana stretches towards the Atlantic
Ocean. While the central part of La Mancha is mostly formed by carbonate sediments,
Sierra Morena and Montes de Toledo are composed of metamorphic siliceous materials,
including quartzite, schist and slate. The majority of the present La Mancha landscape
is dedicated to agriculture, but potential vegetation would be primarily evergreen scle-
rophyllous Quercus ilex forest on the lower lands, and Q. pyrenaica and/or Q. faginea
woodlands on the more elevated ones (Martin Herrero et al. 2003). According to Ra-
mos-Gutiérrez et al. (2021), there are only two plant species endemic to La Mancha,
both belonging to the agamospermic genus Limonium (L. pinillense Rosellé & Peris and
L. squarrosum Erben) and inhabiting inland saltmarshes. There are about 20 species of
Carex present in La Mancha (Lucefio et al. unpublished data). Most of them are limited
to habitats with year-round water availability, such as springs, streams or bonales (relictic
aquifer-fed peat bogs) (Martin-Blanco and Carrasco de Salazar 2005), although a few
species also grow on relatively dry soils as part of the Mediterranean forest understory.

During the preparation of Flora Iberica (Lucefio and Jiménez-Mejias 2008) a set of
problematic Carex sect. Phacocystis populations from Sierra Madrona (a northern sub-
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range of Sierra Morena belonging to La Mancha) were tentatively assigned to C. reuteri-
ana (Jiménez-Mejias et al. 2011), but with ambiguous affinities regarding the subspecies
(C. reuteriana subsp. reuteriana and mauritanica; treated under C. elata in Flora Iberica,
Lucefio and Jiménez-Mejias 2008). A preliminary AFLP assessment (Jiménez-Mejias
and Martin-Bravo, unpublished) associated with a study focusing on C. reuteriana
(Benitez-Benitez et al. 2018) revealed that, surprisingly, the problematic populations
were not as closely related to C. reuteriana as expected. Subsequently, we found several
additional of these problematic populations in La Mancha. The detailed comparison of
the material with other Iberian species of the group revealed superficial morphological
affinities with C. reuteriana or C. nigra. However, its ecological preferences were con-
founding, since the problematic populations inhabited generally small streams, rivers
and springs and wet meadows in marcescent and sclerophyllous Quercus forests (Fig. 2),
while C. reuteriana grows exclusively in permanent streams, and C. #igra thrives at much
higher altitudes in wet mountain meadows and bogs. Here we conduct a detailed sys-
tematic study of these La Mancha's problematic populations, including the comparison
with other Iberian species within sect. Phacocystis, using a combined molecular, mor-
phological and cytogenetic approach demonstrated to be useful for disentangling the
complex taxonomy of this group (e.g., Jiménez-Mejias et al. 2011). Our objective was
to elucidate the systematic status of these populations and to warrant their taxonomic
recognition if required.

Materials and methods

Sampling

We collected specimens from 10 problematic populations from La Mancha region
(Sierra Madrona and Montes de Toledo; Fig. 1) that were deposited at UPOS her-
barium, with duplicates at GDA, JAEN, K, MA, NY, P and SALA (acronyms following
Thiers 2023). A special sampling effort was conducted in Sierra Madrona, resulting in a
representative sampling across the entire range (Fig. 1). Additional herbarium specimens
were obtained from JAEN, MA, MACB and SALA (Suppl. material 1). Some of these
specimens came from sites very close to the 10 mentioned populations (e.g., in the same
watercourse) and/or had imprecise coordinates, so they were considered to belong to
the same population, but 6 additional populations were identified (Suppl. material 1).

Morphological study

Material from all 16 sampled populations (Suppl. material 1) was carefully compared
with all the other sect. Phacocystis species present in the Western Palearctic using spe-
cialized literature (Schultze-Motel 1968; Nilsson 1985; Kukkonen 1998; Egorova
1999; Jermy et al. 2007; Dean and Ashton 2008; Lucefio and Jiménez-Mejias 2008;
Jiménez-Mejias et al. 2015), with emphasis on Iberian species and specifically the
morphologically similar C. nigra and C. reuteriana. We examined the most important
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Figure 2. Representative photos of Carex quixotiana A habitat (riparian forest with Alnus lusitanica and
Fraxinus angustifolia: Ciudad Real, Solana del Pino, Robledillo River; 57SMB17, UPOS-8924; C. quixotiana
plants are in the lower right corner) B habitat (stream in Quercus pyrenaica open forest: Ciudad Real, between
El Viso del Marqués and San Lorenzo de Calatrava; 8CBB18, UPOS-16897; C. quixotiana are the tussocks
along the stream) C inflorescence D, E detail of terminal male and lateral androgynous spikes F detail of
lateral female spikes and utricles (Ciudad Real, Fuencaliente, Minas del Horcajo, 54SMB17, UPOS-8922).

morphological characters for the taxonomy of Carex sect. Phacocystis: general habit,
basal sheaths colour and form, stomata distribution on leaf faces, relative length of
lowest bract/inflorescence, spike size and sex distribution, and utricle size, colour and
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indumentum. Measurements above 1 cm were taken with a standard 30 cm ruler, and
those below 1 cm with an ocular micrometer (only for specimens from the 10 collected
populations deposited at UPOS).

Molecular and phylogenetic study

To tackle the phylogenetic placement of La Mancha’s problematic populations, we in-
cluded these samples in the molecular phylogeny of sect. Phacocystis (Benitez-Benitez
et al. 2021). We used the same markers as in that phylogeny: two nuclear ribosomal
markers (ITS-ETS) and two plastid markers (7p/32-zrnL"*“ and ycf6-psbM). The new se-
quenced material (Suppl. material 2, including Genbank accessions) was integrated with
the complete singleton matrix (Benitez-Benitez et al. 2021) (Suppl. material 3), which
provided the best phylogenetic resolution in that study. That matrix included 75% of
the species of the section and 80% of the so-called Western Palearctic clade in particular
(Benitez-Benitez et al. 2021). Inferred hybrid samples (e.g., C. acuta, C. buekii, C. ran-
dalpina, C. salina) were excluded from the complete singletons matrix to avoid deleteri-
ous topological effects as explained in Benitez-Benitez et al. (2021). The morphological
and biogeographic affinities of La Mancha’s problematic populations clearly point to the
Western Palearctic lineage as the best candidate for them to be placed in.

DNA extraction and sequence amplification followed Benitez-Benitez et al.
(2021). All PCR products were sequenced by Macrogen (Madrid, Spain). Sequence
chromatograms were edited using GENEIOUS v.11.0.2 (Biomatters Ltd., Auckland,
New Zealand). The sequences were aligned with MUSCLE v.5 (Edgar 2004). We car-
ried out a scaffolding strategy following Jiménez-Mejias et al. (2016) and Benitez-
Benitez et al. (2021) methodologies. First, we compiled all accessions containing both
nuclear sequences (ITS and ETS) and built a nrDNA reference tree using maximum
likelihood (ML) with RAXML (Stamatakis 2014; 100 bootstrap replicates). The result-
ing tree was used to build a query tree placing all the remaining accessions through
the Evolutionary Placement Algorithm (EPA; Berger et al. 2011), also implemented in
RAXML. Branch support for the query tree was calculated using the non-parametric
Shimodaira-Hasegawa (SH) from approximate likelihood ratio test (SH-aLRT sup-
port; Guindon et al. 2010; Anisimova et al. 2011). All analyses were implemented in
CIPRES Science Gateway (Miller et al. 2010).

To explore the systematic relationships of La Mancha’s problematic populations at
a finer scale and with respect to the other Iberian representatives of sect. Phacocystis, a
statistical parsimony analysis of plastid haplotypes was conducted with TCS v. 1.2.1
(Clement et al. 2000). We included only those accessions from specimens from the
Iberian Peninsula that contained both plastid 7p/32-rnLYA¢ and yef6-psbM regions,
except for C. acuta and C. buekii as explained above. To calculate the most parsimoni-
ous haplotype network we set a 95% parsimony connection limit for the minimum
number of mutations differentiating the haplotypes. Gaps in sequences were coded as
a fifth character.
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Cytogenetic study

Chromosome counts for five La Mancha’s problematic populations (Suppl. material 1)
were performed. Anthers, from young male flowers, were fixed during meiosis follow-
ing the method by Lucefio (1988). The obtained chromosome numbers and meiotic
configurations were compared with those of closely related species, since cytogenetics
have been demonstrated to have a strong diagnostic potential in Carex, including sect.
Phacocystis (Jiménez-Mejias et al. 2011).

Conservation Assessment

Following the taxonomic recognition of La Manchas problematic populations (see
below), we evaluated their conservation status at the global level following criteria,
categories, and guidelines from IUCN (2017). Area of occupancy (AOO) and extent
of occurrence (EOO) were calculated using the GeoCAT tool (Bachman et al. 2011)
based on the 16 studied populations (see morphological study).

Results

Morphological study

The detailed examination of diagnostic morphological characters for La Mancha’s
problematic populations and its comparison with closely related species revealed quali-
tative and quantitative morphological differences regarding the other Iberian taxa of
sect. Phacocystis (Table 1). In particular, all character states of La Mancha’s problematic
populations were distinct from at least one of the other Iberian taxon studied.

Molecular study

The query tree built (see Suppl. material 4) using the singletons matrix from Benitez-
Benitez et al. (2021) recovered a topology equivalent to that found in the reference
paper. The Western Palearctic clade was relatively well-supported (SH=89) and ar-
ranged in two main clades (Fig. 3): one containing C. reuteriana and the closely re-
lated C. panormitana (marginally supported, SH=64), and another with the rest of
the species of the clade (SH=90). La Mancha’s problematic populations were placed
unresolved among the species of this latter clade.

The statistical parsimony analysis revealed 14 different haplotypes (Suppl. ma-
terials 5, 6). La Mancha’s problematic populations displayed an exclusive haplotype,
not shared with any of the other Iberian species. The most closely related haplotype
was that displayed by the Sierra Nevada populations of C. nigra, separated by only
one mutation.
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Figure 3. Phylogram of sect. Phacocystis s.l. based on the maximum likelihood phylogenetic recon-
struction of the complete singletons tree (ITS, ETS, rp/32-trnLC, ycfo-psbM) by Benitez-Benitez et al.
(2021). SH supports > 60 are given above branches. Tip codes are included in Suppl. material 3. The
samples with asterisk (*) have been newly sequenced for this study. The orange highlighted populations
represent La Mancha’s problematic samples herein described as Carex quixotiana.
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Figure 4. A regular meiotic configuration of Carex quixotiana in Metaphase I (2n=82) B meiotic con-
figuration showing a trivalent in Metaphase I (2n=40" + 1 ™=83) C pollen grain mitosis of the irregular
cytotype in which two cells are visible (n=41 and n=42).

Cytogenetic study

The studied meiotic plates, representing five different La Mancha’s problematic popu-
lations (Suppl. material 1), mostly displayed 82 chromosomes, with regular pairing
(Fig. 4). Interestingly, the population 59SMB17 also showed 40" + 1" in Metaphase I,
and n=41, 42 in pollen grain mitosis (from 30 counted plates, 16 showed n=41 and 14
n=42). Therefore, the inferred diploid chromosome numbers were 2n=82, 83 (Fig. 4).

Discussion

Different sources of evidence (morphological, cytogenetic, molecular) support the sys-
tematic distinctiveness of the studied La Mancha’s problematic populations (Table 1,
Fig. 3, Suppl. material 6). The greater morphological affinities of these populations
are with C. reuteriana and C. nigra, however they show clear-cut morphological differ-
ences (Table 1). La Mancha’s populations differ from these two species by leaf width
and basal sheath colour. In addition, it differs from C. reuteriana by leaf stomata dis-
tribution, utricle indumentum and chromosome number (C. reuteriana (72)73-76 vs.
C. quixotiana 82-83), and from C. nigra by the terminal male spike length. In addition
to the appearance, the ecology of C. nigra in Sierra Nevada is fairly distinct as it is a
dwarf sedge that forms dense tufts at habitats often above the timberline (from 1000 m
and up to 3300 m), while La Mancha’s populations are medium-size herbs that grow in
low-medium elevation in riparian vegetation within Quercus forests.

Remarkably, the DNA markers used in the phylogenetic reconstructions showed
that La Mancha’s problematic populations do not group with C. reuteriana, to which
they had been traditionally assigned (Luceno and Jiménez-Mejias 2008), while they
are more related to C. nigra s.1. (Fig. 3). In addition, the haplotype network pointed
to more genetic affinities with the populations of C. 7igra from Sierra Nevada (Suppl.
material 6), which are ca. 150 km south of La Mancha, than with C. reuteriana.

According to the evidence presented, La Mancha’s problematic populations war-
rant taxonomic recognition, so we proceed to describe them as a new species.
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Taxonomic treatment

Carex quixotiana Ben.Benitez, Martin-Bravo, Luceno & Jim.Mejias, sp. nov.
urn:lsid:ipni.org:names:77315699-1

Diagnosis. Similar in appearance to C. reuteriana Boiss. & Reut., from which it differs
by the creamy-yellow, rarely reddish-brown basal sheaths (vs. orange to reddish-brown),
amphistomatic leaves (vs. hypostomatic), and utricles with high papillae (vs. smooth or
rarely with low papillae). It is also similar to C. nigra (L.) Reichard, from which it can be
distinguished also by the creamy-yellow, rarely reddish-brown basal sheaths (vs. absent
or dark brown when present), narrower leaves (1.8)2-3.2(4.7) mm (vs. 3-6(10) mm),
and longer terminal male spike (18)20-60(85) mm (vs. (5)10-30 mm).

Type. SpaiN. Ciudad Real: Fuencaliente, Azor stream recreational area, stream edg-
es in Quercus faginea forests, 733m, 38.44906944, -4.327163889, 10 May 2017, S.
Martin-Bravo & C. Benitez-Benitez41SMB17 (holotype!: UPOS-8925,41SMB17(5);
isotypes!: GDA, JAEN, K, MA, NY, B, SALA and UPOS).

Selected material examined (paratypes): SpaN. Ciudad Real: Fuencaliente,
Cereceda stream, with Alnus lusitanica, 695m, 38.42363889, -4.297472222, 10
May 2017, S. Martin-Bravo & C. Benitez-Benitez 47SMB17 (UPOS-8927); Fuente
del Almirez, puddled meadows in Quercus pyrenaica forests, 800 m, 38.47152778,
-4.344888889, 10 May 2017, S. Martin-Bravo & C. Benitez-Benitez 48SMB17
(UPOS-8926); Minas del Horcajo, gorge of Nacedero stream with Salix sp., 729 m,
38.51397222, -4.445750000, 11 May 2017, S. Martin-Bravo & C. Benitez-Benitez
54SMB17 (UPOS-8922); Solana del Pino, Robledillo River, riparian forests with
Alnus lusitanica and Fraxinus angustifolia, 453 m, 38.41783333, -4.003388889, 11
May 2017, S. Martin-Bravo & C. Benitez-Benitez 57SMB17 (UPOS-8924); Solanilla
del Tamaral, gorge of Jandula River (Hoz del Jandula) with Alnus lusitanica, 392 m,
38.39186111, -3.96333333, 11 May 2017, S. Martin-Bravo & C. Benitez-Benitez
59SMB17 (UPOS-8923); Valdemancos de Esteras, riverside of Esteras River with Frax-
inus angustifolia and Salix sp., 453 m, 38.90733333, -4.794222222, 15 May 2018, C.
Benitez-Benitez & S. Martin-Bravo 6CBB18 (UPOS-16896); Between Viso del Mar-
qués and San Lorenzo de Calatrava, riverside of Ballesteros stream, in open forest of
Quercus pyrenaica and Salix sp., 872 m, 38.44450000, -3.740444444, 16 May 2018,
C. Benitez-Benitez & S. Martin-Bravo 8CBB18 (UPOS-16897); Puebla de Don Rod-
rigo, Sala del Halconcillo stream, 559 m, 39.10527778, -4.744722222, 15 June 2022,
M. Sanz-Arnal, P. Garcia-Moro & P. Jiménez-Mejias 13MSA22 (UPOS-16898); Hor-
cajo de los Montes, Chorrera de Horcajo, 642 m, 39.36111111, -4.614999999, 15
June 2022, M. Sanz-Arnal, P. Garcia-Moro & P. Jiménez-Mejias 16MSA22 (UPOS-
16899); Viso del Marqués, Las Hoces, 780 m, 38.42303569, -3.721722958, 16 May
1991, C. Ferndndez Garcia-Rojo (JAEN-914254); Puebla de Don Rodrigo, Rio Frio
mountain range near a birch forest, 600 m, 39.08243815, -4.503007649, 9 May
1992, Carrasco, Garrido & Martin-Blanco (MACB-68849); Solana del Pino, valley
of Nacedero stream, 590 m, 38.482505309, -4.169451970, 26 April 1997, R. Garcia
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Rio (MA-596319); Hinojosas, valley of Montoro River with Alnus glutinosa, Cervigdn,
700 m, 38.491048629, -4.215454806, 5 May 1997, R. Garcia Rio (MA-596320);
Almodévar del Campo, Guadalmez River with Alnus glutinosa, 510 m, 38.513064049,
-4.628724543, 4 July 1997, R. Garcia Rio (MA-596324). Jaén: Anddjar, Sierra Quin-
tana, Valmayor River, 570 m, 38.37460677, -4.144817294, 27 June 1985, E. Cano &
C. Fernindez Garcia-Rojo (JAEN-855238).

Other material. (see Suppl. material 1).

Morphological description. Rhizomes from dense and tussock-forming to elon-
gated. Stems (48)60-80(95) cm long, (0.8)1-1.2(1.3) mm wide below the inflores-
cence, sharply trigonous, smooth for most of its length, densely scabrid above. Basal
sheaths scale-like, sometimes elongated, creamy-yellow, rarely reddish-brown, coria-
ceous. Leaves (1.8)2-3.2(4.7) mm wide, pale green to bluish-green, amphistomatic,
flat to keeled, usually shorter or equalling the stems, antrorsely scabrid on the margins,
especially distally, and on the mid-vein on the abaxial side to the apex; ligule (2)3—
7(10) mm long, usually more than twice as long as wide, apex acute to obtuse, rarely
rounded or truncate, hyaline, the margins brownish to orange-brown. Inflorescence
(9)12-19(22) cm long, all spikes erect, exceptionally the lowermost slightly nodding.
Lowest bract leaf-like, very rarely setaceous, longer to shorter than the inflorescence,
sheathless, with hyaline, pale brownish to dark purplish-brown auricles at its base. Ter-
minal male spikes (1)2—3; the uppermost spike (15)20-60(85) x 2—3.5 mm, subsessile
to long pedunculate, oblong-cylindrical to narrowly fusiform, densely flowered; sub-
terminal male spikes (0)1-2, (5)10-30(33) x (1)1.5-2.3(2.6) mm, similar in outline to
the terminal one, basally overlapping with it or with an internode up to 20 mm. Lateral
spikes female or androgynous with the flowers spirally arranged; female spikes 0-2(3),
(19)25-50(79) x (2)2.8—4(5.2) mm, cylindrical, densely to more or less laxly flowered
proximally; androgynous spikes (0)1-3(4), (9)20-50(62) x (1)1.7-2.7(5) mm, with
the male portion (1)3-15(50) mm long and the female one (6)10-40(50) mm long.
Male glumes (1.9)2.3-3.9(4.1) x (0.6)0.7-1.2(1.4) mm, oblong to obovate-oblong,
apex rounded, usually dark purplish brown, with a green, 1-veined central band, with
or without whitish hyaline margins, sometimes also becoming hyaline towards the
base. Female glumes 1.3-2.3(2.5) x (0.6)0.7-0.9(1) mm, lanceolate to ovate, rarely
elliptical, apex obtuse, acute or mucronate, usually shorter and narrower than the utri-
cles, very rarely shortly exceeding them, dark purplish brown, rarely pale brown, with
a green, 1-3 veined central band, with or without whitish hyaline margins, mainly in
the distal part. Usricles (1.8)2-2.7(3) x (1.1)1.3—1.8(2) mm, plano-convex, widely
elliptical to almost suborbicular, green to straw-coloured, distally whitish, sometimes
purplish-dotted or purplish-tinged towards the apex, with high, whitish papillaec on
the upper half or towards the apex, sometimes also aculeolate at the upper margins,
faintly to conspicuously nerved, shortly stipitate, more or less abruptly contracted into
a short, cylindrical, truncate, more rarely emarginate beak (0)0.1-0.2(0.3) mm long,
whitish, sometimes brown-tinged. Achenes 1.5-2.1 x (1.1)1.3-1.5(1.7) mm, widely
elliptical to suborbicular, straw-coloured to pale brown, biconvex, more or less stipi-
tate; style base terete to slightly conical, up to 0.3 mm. Stigmas 2.
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Distribution. (Fig. 1) Endemic to South-Central Spain (Ciudad Real and
marginally Jaén provinces). So far known from 16 populations (Suppl. material 1),
mostly located in the Sierra Madrona range, but also extending north reaching the
southern foothills of the Montes de Toledo range. Since it is a medium-size sedge rarely
collected, there might be additional populations in these areas.

Habitat. Small streams, rivers and springs in riparian forests (Alnus lusitanica,
Fraxinus angustifolia, Salix spp.), and humid meadows, in marcescent and sclerophyl-
lous Quercus forests, on siliceous bedrock substrate. 400-800 m.

Phenology. (April) May-June (July).

Chromosome number. 2n=82, 83.

Iconography. Fig. 5.

Conservation status. So far known from 16 populations (subpopulations
according to IUCN; Fig. 1), deduced from the studied material (Suppl. material 1).
This implies a relatively restricted distribution range enclosed in an extent of occur-
rence (EOO) of 4.920 km?, and an area of occupancy (AOO) of just 64 km?. This
would point to the application of criteria B1 and B2 of the Endangered (EN) category
(threshold of 5.000 km? and 500 km? for EOO and AOO, respectively; [UCN 2017).
The species’ overall demographic tendency and number of mature individuals are un-
known. In addition, the number of locations (16; n > 5) prevents the application of
EN category since two conditions of criteria B must be fulfilled. Some populations
are located in protected land (see below) so they should not be likely submitted to
plausible threats in the short term (but see Garcia Rio 2007). With the currently avail-
able data, and taking into account the restricted EOO and AOO, we hypothesize that
C. quixotiana’s formal IUCN conservation category at the global level would be Data
Defficient (DD). As it is an Iberian endemic with a relatively small number of popu-
lations and distribution range, it would benefit from legal protection and inclusion
in in-situ/ex-situ conservation programmes, at least at the regional level (Castilla-La
Mancha, Andalucia).

Etymology. The species epithet, guixotiana (pronounced kee-how-tee-a-na in
English) is derived from Miguel de Cervantes’s (1547-1616) masterpiece Don Quixote
(de Cervantes 1605, 1615), globally considered one of the best works in the history
of literature, and whose number of editions and translations is only surpassed by the
Bible. The setting of Don Quixote is La Mancha, the region of Spain where almost all
populations of Carex quixotiana occur. We would like this epithet to serve as a double
tribute: (1) First to Cervantes and his novel Don Quixote, flagship of Spanish culture.
And (2) To Pedro Jiménez-Mejias’s father, Pedro Jiménez Gilabert, an enthusiastic
reader who always enjoys reading Don Quixote above all other books, and who always
transmitted Pedro’s curiosity and love for nature. In contrast to the first words in Don
Quixote, (“En un lugar de La Mancha, de cuyo nombre no quiero acordarme (...)” [In
a village of La Mancha, the name of which I have no desire to call to mind (...)]), we
desire to remember and commemorate the dedication of this epithet we are coining.
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Figure 5. Analytical drawing of Carex quixotiana (Spain, Ciudad Real, Sierra Madrona) A habit B plant
C androgynous spike D female glume E male glume F achene G utricle H details of papillae in the upper
part of the utricle. Drawing by M. Sdnchez-Villegas.
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Systematic notes. Carex quixotiana populations have been consistently assigned to
C. reuteriana. Local floristic studies have predominantly identified them as C. reuteri-
ana subsp. reuteriana (e.g., Garcia Rio 2004, 2007; Martin Blanco and Carrasco 2005;
Ferndndez Garcia-Rojo 2015; Fernidndez Garcia-Rojo and Salazar-Mendias 2019), but
also as C. reuteriana subsp. mauritanica (Garcia Rio 1999, 2004). Specialized taxo-
nomic treatments have considered the populations as morphologically intermediate
between the two C. reuteriana subspecies, which has been attributed to hybridisa-
tion in a putative contact zone between the two C. reuteriana subspecies (Lucefio and
Jiménez-Mejias 2008).

These problematic populations clearly illustrate the taxonomic complexity of
sect. Phacocystis. Their overall morphological appearance and ecological preferences
suggested that the populations were conspecific with C. reuteriana (Lucefio and
Jiménez-Mejias 2008). On the other hand, phylogenetic relationships (Fig. 2) and
the relatively high chromosome number (see below) indicate closer genetic affinity
with C. nigra. These misleading patterns denote the necessity of integrative approaches
comprising different data sources to unmask complex systematic scenarios. Further
phylogenomic studies based on High-Throughput-Sequencing techniques like GBS
might provide a greater number of loci and therefore might help to shed more light on
the systematic placement of C. guixotiana (Benitez-Benitez et al. unpublished data).

The chromosome number has been used as a biosystematic tool for sect. Phacocystis
in the Iberian Peninsula (Lucefio and Aedo 1994; Luceno and Jiménez-Mejias 2008).
Our chromosome counts indicate that C. guixotiana (2n=82—83) has a greater cytoge-
netic affinity with C. nigra (2n=(80)82-86) than with C. reuteriana (2n=(72)73-76).

Biogeographic and conservation issues. Considering the new species described
here, the Iberian Peninsula has 12 endemic Carex taxa (C. asturica Boiss., C. cam-
posii Boiss. & Reut. subsp. camposii, C. camposii subsp. tejedensis R. Sinchez-Villegas,
M.Escudero & Lucefio, C. caudata (Kiik.) Pereda & Lainz, C. durieui Steud. & Kunze,
C. furva Webb, C. lainzii Lucefio, E.Rico & T.Romero, C. lucennoiberica Maguilla &
M. Escudero, C. nevadensis Boiss. & Reut., C. quixotiana, C. reuteriana ssp. reuteriana
and C. rorulenta Porta). However, this may appear as a relatively small number of en-
demics in proportion to the total number of Carex Iberian native taxa (108; Lucefio et
al. unpublished data), especially when compared with other species-rich genera (e.g.,
Alchemilla, Armeria, Centaurea, Limonium, Teucrium) with much larger numbers of
Iberian endemics (>40 each; Aedo et al. 2017; Buira et al. 2020). This highlights the
novelty of the description of an additional Iberian endemic in Carex. Indeed, C. guixo-
tiana, with a highly restricted distribution in southern-central Spain, would be the
first Iberian endemic species belonging to sect. Phacocystis, although one subspecies
(C. reuteriana ssp. reuteriana) is also endemic to C-N'W parts of the Iberian Peninsula.
Other species of sect. Phacocystis with limited distribution range in the Mediterranean
basin are C. reuteriana ssp. mauritanica (S Iberian Peninsula-NW Africa), C. nigra
ssp. intricata (Western Mediterranean mountains), and C. panormitana Guss. (Sicily,
Sardinia and Tunisia).
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As explained above, known populations of C. quixotiana are mostly located in
La Mancha limits, in Sierra Madrona and, to a lesser extent, southern Montes de To-
ledo. Sierra Madrona is one of the secondary mountain ranges within the larger Sierra
Morena range, which stretches for about 450 kms from W to E across the S Iberian
Peninsula, separating the southern half of the Central Plateau from the Guadalquivir
Valley. Sierra Madrona runs almost in parallel (NW-SE) along the northern side of
the main range for about 80 kms. It includes the highest altitudes of all Sierra Morena
(Bafuela peak, 1332 m). As the whole Sierra Morena, it is mainly composed by old
Paleozoic siliceous rocks, especially quartzites. On the other hand, Montes de Toledo
is a mountain range entirely belonging to the southern half of the Central Plateau,
separating the Tajo and Guadiana River basins. It stretches for about 350 kms from
E to W and is composed by quartzite ridges of relatively uniform elevation, around
1400 m, and a generally eroded relief (Mufioz Jiménez 1976). The immediate foothill
landscapes are highly anthropised, with the vast majority of La Mancha dedicated to
non-irrigated crops, mostly cereal (wheat, barley and oat), and vineyards.

Sierra Madrona is currently protected as a natural park established in 2011
(Valle de Alcudia and Sierra Madrona). Several restricted plant endemics from Sierra
Morena are found in this range and its surroundings (i.e., Armeria panana (Bernis)
Nieto Fel., Coincya longirostra (Boiss.) Greuter and Burdet; Garcia Rio 2004). It also
includes many different habitats protected at European level (Directive “Habitats”
92/43/CEE; see Garcia Rio 2004, 2007), including some considered of high conser-
vation priority. Carex quixotiana habitats in Sierra Madrona, although included in
a protected area, are not free of threats, so their biodiversity has been considered as
highly valuable and sensitive (Garcia Rio 2007). They include populations of other
endangered and protected plant species at regional (e.g., Erica tetralix L., Drosera
rotundifolia L.) or even at national level (e.g., Myrica gale L., Narcissus munozii-
garmendiae Fern.Casas).

The other known populations of C. quixotiana occur mostly in rivers and creeks in
the southern foothills of Montes de Toledo in W Ciudad Real province. These popu-
lations are located within or close to remarkable habitats, such as relictual peatbogs
(e.g., Bonales de Puebla de Don Rodrigo) and birch forests (e.g., Abedular de Riofrio),
which are on protected land and considered to be of extraordinary conservation value.
In addition, C. quixotiana marginally reaches NE Jaén province in Sierra Quintana,
a small southern subrange of Sierra Madrona province (Cano-Carmona and Valle-
Tendero 1996), which separates Castilla-La Mancha from Andalucia (Fig. 1). Sierra
Madrona and Montes de Toledo are considered biogeographically close (Garcia Rio
2007). Interestingly, C. reuteriana subsp. reuteriana occurs in northern parts of Montes
de Toledo, whereas C. reuteriana subsp. mauritanica is widespread in the main Sierra
Morena range, therefore flanking C. quixotiana's distribution (Lucefio and Jiménez-
Mejias 2008; see maps in Benitez-Benitez et al. 2018). It would be interesting to pre-
cisely delimit these species’ range and to explore potential contact zones in detail in
order to investigate the possible co-occurrence and/or hybridisation processes.
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Identification key to the Iberian taxa of Carex section Phacocystis

1 Leaves strongly plicate to canaliculate, rigid, up to 2.5(3) mm wide; stems
obtusely trigonous; plants bluish-green .........c.ccooeeiinnnnnnee. C. trinervis
- Leaves flat to carinate, soft to medium rigid, (1.8)2-8(10) mm wide; stems
sharply trigonous; plants green to bluish-green ..........ccccooeiiiiinnncnne. 2
2 Utricles not veined; basal sheaths dark purple .......cccccovnecnnee. C. cespitosa
- Utricles faintly to prominently veined; basal sheaths yellowish-brown to red-
diSh-DIOWN ... 3
3 Utricles smooth, rarely with some scattered, green, low papillae.................. 4
- Utricles densely papillose, at least on the apex, with whitish, more or less high
PAPIILAC .o 5
4 Male spike usually solitary, rarely 2; lowest spikes usually female; leaves up to
6 MM WIde .vveviiiiiiiiniciciecccee C. reuteriana subsp. reuteriana
— Male spikes (1)2—4; lowest spikes usually androgynous; leaves (3)4—
8(10) mm wide...ceeerieieirieieiiiieians C. reuteriana subsp. mauritanica
5 Leaves epistomatic or amphistomatic......c.coueverirueinieinineiniccnecenecneeene 6
- Leaves hypostomatic ....veuerueueirieuirieiiirieirieiciceseet s 8
6 Male spikes (1)2—3, the terminal one (15)20-60(85) mm long; leaves (1.8)2—
3.2(4.7) mm wide; plants usually tussock-forming; basal sheaths scale-like,
sometimes elongated, creamy yellow, rarely reddish-brown .... C. quixotiana
- Male spike solitary, rarely 2, the terminal one (5)10-30 mm long; leaves
3-6(10) mm wide; plants rarely tussock-forming; scale-like basal sheaths ab-
sent or dark brown when present.......cooeceveeniiciinicinncncece 7
7 Leaves densely stomatic on both sides (amphistomatic) .......cccocecevecinicenne
............................................................................. C. nigra subsp. intricata
- Leaves epistomatic or densely stomatic on the upper surface and with a few
scattered stomata on the lower surface ........cccceeeeeeee. C. nigra subsp. nigra
8 Lowest bract much longer than the inflorescence; utricles strongly biconvex,
somewhat inflated; culm bases bearing brown old leaf remains, without con-
spicuous scale-like basal sheaths .......c.ccocoiniiniiiiin C. acuta
- Lowest bract always shorter than the inflorescence; utricles plano-convex to
slightly biconvex, not inflated; basal sheaths scale-like to elongated, creamy-
YEHOW 1o C. elata subsp. elata

Conclusion

Integrative approaches based on different sources of evidence are required to unveil
complex systematic scenarios. Our study of some problematic Iberian populations
belonging to the taxonomically difficult sect. Phacocystis revealed that they display
a congruent set of diagnostic morphological, molecular, ecological and cytogenetic
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characters that allow their distinction with respect to close relatives (e.g., C. reuteriana,
C. nigra). Therefore, we here described a new species to science (C. quixotiana) for
these populations, which is endemic to the Iberian Peninsula.
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Supplementary material 6

Haplotype network obtained from the statistical parsimony analysis of the combined
plastid sequences of Iberian Carex sect. Phacocystis species, including C. quixotiana.
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Data type: image (PDF file)
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