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Abstract

Systematic studies in the Calea myrtifolia complex have revealed two noteworthy new taxa from the contact, relict and
transitional areas of the Atlantic Forest and Cerrado domains in Brazil: Calea grandiflora and Calea % parviantha, both
having been treated as C. myrtifolia, now considered endemic to Minas Gerais state, Brazil. Thus, we herein provide
morphological descriptions, illustrations, geographical distribution maps and discuss their taxonomic affinities. Moreover,
their potential distributions are predicted. Calea grandiflora is related to C. arachnoidea and is recognized by the basal
acrodromous venation (vs. semicraspedodromous), outer phyllary series 12.2-20 x 4.2—10.6 mm long (vs. 9-12 % 3—5 mm),
and ray floret corolla 16.9-31 mm long (vs. 10—12 mm). Calea % parviantha is a new nothospecies, supported by a unique
set of character states partially shared with the parental species C. parvifolia and C. triantha. The new hybrid species has
intermediate morphology, as demonstrated by a multivariate analysis. It differs from C. parvifolia by the hispid, hispidulous
or glabrous stems (vs. puberulous or puberulent) and coriaceous leaves (vs. chartaceous leaves), and from C. triantha by the
rounded leaf base, sometimes subcordate (vs. cordate) and pappus scales 1.1-2.7 mm long (vs. 0.8—1.3 mm). Furthermore,
we provide a taxonomic key for Calea in the states of Sdo Paulo and Parana.

Keywords: Compositae, Heliantheae s./., Hibridization, Meyeria, Systematics

Introduction

Neurolaeneae Rydberg (1927: 303) is one of the 50 tribes of Asteraceae Berchtold & Presl (1820: 254) (Susanna et
al. 2020), reinstated by Panero and Funk (2002). The tribe comprises five genera and 182 species (Bueno ef al. 2021).
Calea Linnaeus (1763: 1179) is the largest genus, with 157 species (Bueno et al. 2022, Bueno & Heiden 2021, Bueno
& Heiden 2022a, 2022b). Species of Calea are usually characterized by herbaceous or shrubby habit, opposite leaves,
radiate capitula, sometimes discoid, 2—6-seriate involucrum, pappus of 630 scales (Bueno et al. 2021). The Calea
myrtifolia complex has 18 species (Pruski 2005, Reis-Silva & Nakajima 2021, Bueno & Heiden 2021, 2022a, 2022b),
defined by the ovate leaves, cymose capitulescence, involucrum with at least four foliaceous phyllaries in the outer
series, and pappus usually 1 to 2.5 mm long (Bueno & Heiden 2022b).

The number of species of Neurolaeneae has continuously increased in the last two decades, with 20 new species
described: one new species of Neurolaena Brown (1817: 120) (Turner 2014) and 18 new species of Calea (Deble
2011, Pruski 2011, 2013, Diaz-Piedrahita & Rodriguez-Cabeza 2012, Pozo & Hind 2013, Silva et al. 2016, Reis-
Silva & Nakajima 2020, 2021, Bueno et al. 2022, Bueno & Heiden 2021, 2022a, b). Brazil is the richest country in
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number of species of Neurolaeneae (Bueno ez al. 2021), and from these 19 recently described species of Calea, eleven
are Brazilian endemic (Pruski 2005, Reis-Silva et al. 2022). In the Calea myrtifolia complex specifically, five new
Brazilian species were described in the meantime (Bueno & Heiden 2021, 2022a, b, Reis-Silva & Nakajima 2021).

Hybridization is defined as crossing between species or genetically distinct populations of the same species, and
is responsible for a significant portion of speciation events in plants (Soltis & Soltis 2009, Peruzzi et al. 2012). It has
been recognized as an important process in plant evolution, being associated with diversification, radiation, extinction,
and invasion (Mitchell ef al. 2019). Countless phylogenies provide evidence on the impact of hybridization in the
appearance of new species, merging or assimilation of some taxa and on the nature of reticulate evolution processes
occurring in the deep past or present (Alvarez & Wendel 2003, Schilling 2011, Wang et al. 2014, Loeuille et al. 2015,
Gruenstaudl et al. 2017, Nauheimer et al. 2019, Shipunov et al. 2019).

In Asteraceae, several authors described or provided discussions on the nature of hybrids over the past decade
(Peruzzi et al. 2012, Garrison et al. 2013, Ilgim et al. 2013, Lipman et al. 2013, Mameli ef al. 2013, Filigheddu et
al. 2014, Yu et al. 2014, Li et al. 2015, Loeuille et al. 2015, Smissen et al. 2015, Sears et al. 2015, Desjardins et al.
2016, Semple 2016, Gemenholzer et al. 2017; Gruenstaudl et al. 2017, Zhang et al. 2017, Jazwa et al. 2018, Pliszko
& Kostrakiewicz-Gieralt 2018, Wang & Wang 2018, Smith & Figueiredo 2020, Cardo & Melgar 2021, Semiz ef al.
2021). Most of these studies document events from the northern hemisphere (Eurasia and North America), with only
four studies focusing on the southern hemisphere (Africa, Oceania, and South America). Given the high diversity of
Asteraceae in the southern hemisphere, it is highly likely that natural hybrids are underreported.

The aforementioned studies and Funk ef al. (2009) indicate that at least 14 Asteraceae tribes have hybrid species,
with Cichorieae Lamarck & Candolle (1806: 255), Cardueae Cassini (1819: 155-157), and Gnaphalieae Cassini ex
Lecoq & Juill. (1831: 296) as most representative. Neurolaeneae is not listed in these studies, although Malme (1933)
found morphological evidence of hybridization between Calea parvifolia (DC.) Baker (1884:259-260) and C. longifolia
(DC.) Baker (1884: 260), currently a synonym of C. marginata S.F. Blake (1937: 387). Besides, Turner (1982, 2014)
reported hybrids in Neurolaena between the widespread N. lobata Brown (1817: 120—121) and its congeners, without
further evidence.

Pruski (2005) pointed out that C. myrtifolia (DC.) Baker (1884: 260) occurs from the state of Minas Gerais to Rio
Grande do Sul in Brazil. Nevertheless, ongoing study supports that specimens from the states of Rio Grande do Sul
and Santa Catarina previously labeled as C. myrtifolia in fact belong to C. phyllolepis Baker (1884: 260-261) (Roque
et al. 2022). Recent progress on the circumscription of taxa belonging to C. myrtifolia complex led to the discovery
that geographically isolated specimens previously determined as C. myrtifolia occurring in the Atlantic Forest from the
states of Sdo Paulo and Parand, disjunct from the rest of the distribution, have unusual characteristics and the detailed
analyses of these specimens evidenced they were two new taxa of Calea, hereby described.

Material and methods

All the available literature for Calea was revised (Baker 1884, Barroso 1975, Bueno et al. 2021, Bueno et al. 2022,
Bueno & Heiden 2021, Bueno & Heiden 2022a, b, Malme 1933, Pozo & Hind 2013, Pruski 1983, 1984, 1997, 1998,
2005, 2011, 2013, Pruski & Hind 1998, Pruski & Robinson 2018, Pruski & Urbatsch 1987, 1988, Reis-Silva 2019,
Reis-Silva & Nakajima 2020, 2021, Robinson 1975, 1979, Roque & Carvalho 2011, Silva 2016, Silva et al. 2016,
Urbatsch et al. 1986, Wussow et al. 1985). The general morphological terminology follows Beentje (2010), Ellis ez al.
(2009), and Hickey (1973). The specialized terminology on Compositae follows Funk ez al. (2009) and the specific
terminology about receptacle and pappus follows Bueno et al. (2022) and Bueno & Heiden (2022a), respectively.
Several collections were studied from the herbaria BHCB, BHZB, BM, CEN, CESJ, DIAM, ECT, EFC, ESA,
ESAL, FLOR, FUEL, FURB, G, HAS, HEPH, HUCP, HUFSJ, HUFU, ICN, IPA, K, MBM, MO, NYBG, P, PACA,
PAMG, PEL, R, RB, RFA, S, SP, SPF, U, UB, UEC, UEPG, UNIP, UPCB, and U (acronyms according to Thiers 2022,
continuously updated). About 500 specimens were studied in person for the elaboration of this manuscript.
Morphological descriptions were based on vegetative and reproductive material from herbarium specimens, using
a stereomicroscope to perform measurements with a caliper rule. Vegetative structures were described from dried
material, whereas reproductive structures were described after rehydration, immersing the structure in warm water (ca.
80°C) for about one minute. Measurement outliers were based on calculation of medians, quartiles, and interquartile
deviations. “Rarely” is used for characters that occur in up to 10% of the specimens studied, “sometimes” is applied
for features that occur in between 10.01% and 25% of the analyzed specimens and “often” is adopted for characters
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that occur between 25.01% and 40% of the specimens studied. “Or” is adopted for traits that occur between 40% and
60% of the specimens.

Distribution maps were prepared in Quantum GIS v. 3.0 (QGIS Development Team 2015). The GeoCAT
analysis (Bachman et al. 2011) and IUCN guidelines (2019) were used to define a preliminary conservation status
assessment.

Statistical analyses to study hybrids (Brochmann 1987, Gruenstaeudl et al. 2017, Pliszko et al. 2018, Semple
et al. 2016) were adopted to verify whether multivariate analyses would corroborate the nothospecies hypothesis. A
PCA (Principal Components Analysis) was used to verify whether the morphological data allowed to test specimen
placement in groups: C. parvifolia, C. triantha (Vell.) Pruski (2005: 2) and the hypothesized nothospecies. For the
analysis, 48 characters were measured in six different specimens per group, chosen from distinct geographical sites to
represent the whole geographic distribution of taxa. In all, 8 vegetative and 40 reproductive characters were studied,
from this set, 22 were quantitative and 36 were qualitative (matrix available in the supplementary files—Tab. 2). The
statistical analyses were performed using R (version 4.1.1; R Development Core Team, 2022; www.r-project.org/), the
R package ‘vegan’ (Oksanen et al. 2020) and visualized with the R package ‘ggplot2’ (Wickham et al. 2020).

Environmental predictors consisted of bioclimatic variables interpolated from climate data between 1970 and
2000, obtained from the WorldClim dataset v.2.1 (Fick & Hijmans 2017; http://www.worldclim.org). The 19 standard
variables at 30s (approximately 1 km) resolution reflect various aspects of temperature, precipitation, and seasonality,
which are likely to be important in determining species distributions. We used a stepwise procedure implemented
in the R package usdm (Naimi & Aratijo 2016) to test the issue of multicollinearity among environmental variables
by estimating the variance inflation factor (VIF) and retained only the variables with VIF < 10 (Graham 2003). This
reduced our number of environmental predictors to five (BIO2 = Mean Diurnal Range, BIO3 = Isothermality, BIO9
= Mean Temperature of Driest Quarter, BIO13 = Precipitation of Wettest Month, BIO14 = Precipitation of Driest
Month).

We fitted ENMs (Ecological niche models) for each analyzed Calea taxon using four modelling algorithms
implemented in the R package sdm (Naimi & Aratjo 2016). These were maximum entropy (MaxEnt) (Phillips et
al. 2006), random forests (rf) (Breiman 2001), generalized linear models (glm) (McCullagh & Nelder 1989) and
bioclimatic variables (bioclim) (Hijmans ef al. 2006). These methods were used to link the current environmental
conditions to taxon presence and absence data, and subsequently, to predict and map the spatial distribution of the
taxa for the current and paleoclimatic projections. All models were calibrated with presence only data combined with
10,000 randomly selected pseudo-absence records for each species across the study area, generated with the R package
sdm (Naimi & Aratjo 2016). Rather than relying on individual modelling algorithm approaches, we built ensemble
models combining multiple replicates of several different modelling algorithms to represent alternate possible states of
the system being modelled (Aratjo & New 2007). Due to their combined power, ensemble models are widely accepted
to provide more accurate results than single models (Forester et al. 2013).

Taxonomic treatment

Calea grandiflora V.R .Bueno & G.Heiden, sp. nov. (Fig.1)

Type:—BRAZIL. Sao Paulo, Santo André, Paranapiacaba Biological Station, about 30 km north of Santos, 02 December 1977, L.R.
Landrum 2761 (holotype: SP!).

Calea grandiflora resembles C. arachnoidea but differs by the basal acrodromous venation (vs. semicraspedodromous), outer phyllaries
12.2-20 x 4.2-10.6 mm long (9-12 x 3—5 mm), ray floret corolla 16.9-31 mm long (vs. 10—12 mm), and monolength pappus scales
(vs. polylength).

Shrubs, 0.5-2 m tall, stems castaneous, cylindrical, striate, glabrous to puberulous or sparsely sericeous, internodes
9.1-34.5 mm long. Leaves decussate, petiole 2.2—4.3 mm long; blades discolorous, abaxial surface olivaceous, adaxial
surface dark green, coriaceous, 1.58—6.86 x 0.84-2.63 cm, elliptic or narrow elliptic, sometimes narrow ovate, base
attenuate, apex acute, sometimes attenuate, venation basal acrodromous, margins slightly revolute or revolute, entire or
pauciserrate, 0-9 teeth, 0.1-0.8 (—1.1) mm long, from the middle to apex, abaxial surface sparsely glandular-punctate,
veins glabrous, adaxial surface glabrous, glands absent. Capitulescence cymose dichasial, slightly branched, axis
0-25.57 cm long, branching to 2" order ramifications, 2—8 secondary stems; peduncle 1.35—4.28 cm long, puberulous
to pilose or pilose, glandular-punctate to densely glandular-punctate. Capitulum heterogamous, radiate, involucrum
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campanulate, 8.9—14.65 x 12.44-15.46 mm, 5-seriate; phyllaries conspicuously striated; two outermost series of
phyllaries olivaceous, foliaceous, margins entire, flat; first series 58 striate, blades 12.2-20 x 4.2—10.6 mm, narrow
elliptic to wide elliptic or wide ovate, apex acute or obtuse, abaxial surface glabrous or sparsely puberulous to glabrous,
wholly glandular-punctate or only at apex; second series 8—12 striate, blades 13—18.1 x 6.1-7.8 mm, elliptic, apex
acute or cuneate, abaxial surface glabrous to sparsely puberulous, sparsely glandular-punctate; third series yellowish
green to olivaceous, foliaceous or scarious at apex, blades 10-13.8 x 4.5-8.1 mm, wide elliptic or narrow ovate or
ovate to oblong, margins entire, apex obtuse or acute, revolute or flat, abaxial surface glabrous, glandular-punctate at
apex; innermost series yellowish green to light yellow, scarious, 9-12 striate, margins entire, abaxial surface glabrous,
fourth series blades 7-12.7 x 4.3—-5.9 mm, oblong to elliptic, sometimes ovate, apex obtuse; fifth series blades 8.4—14.5
x 4.3-5.9 mm, obovate or elliptic, apex rounded, sometimes obtuse; receptacle slightly convex, holopaleaceous;
paleae light yellow, conduplicate, 7.7-9.8 mm long, narrow elliptic, apex acute or long acuminate. Ray florets 1018,
19-33.2 mm long, pistillate, corolla liguliform, 16.9-31 mm long, yellow, tube 4-5 mm long, limb 12.9-26 x 3.2-3.5
mm, narrow oblong, sometimes narrow obovate, apex 3-lobulate or rounded or obtuse or bifid, 5-8 veins, surface
abaxial glandular-punctate, surface adaxial glabrous; style arms yellow, 0.5-1.1 mm long. Disc florets 45-50, 7.8-8.5
mm long, bisexual, corolla tubular, 5.9—6.5 mm long, yellow, tube 1.6-2.2 mm long, lobes 1.4—1.5 mm long, glabrous;
anthers light yellow, 2.1-2.9 mm long, apical anther appendages ovate; style arms yellow, 1-1.1 mm long, linear.
Cypselae blackish, 2.5-3.2 mm long, prismatic, ray cypselae 3-angled, disc cypselae 4-angled, glabrous, ribs sparsely
pilose; pappus monotypic, scales monolength, 10-12, free, 0.9—1.5 mm long, oblanceolate, sometimes oblong, apex
obtuse, sometimes rounded, margins entire.

Distribution, Habitat and Predicted Area of Occurrence:—Calea grandiflora occurs in two municipalities
from Sdo Paulo state and the occurrence points are 50 km away. Probably, it occurs in other hilltops of the Serra do
Mar mountain range (Fig. 2), displaying similar environmental conditions. The new species occurs on rocks outcrops
amidst the dominant Atlantic Rainforest (Aguiar et al. 2003), characterized by the high elevation tropical grasslands
which harbor distinct floras within the main surrounding vegetation matrix and bears strong past floristic connections
with the cerrado (tropical savanna) and campos rupestres floras (high altitude tropical grasslands) typical of Brazilian
hinterland mountains (Stafford 2001, Simon 2009).

According to the predicted area of occurrence (Fig. 3), the new species has higher suitability in Serra do Mar
mountains from Sao Paulo, where it occurs, and other scattered spots: Itatiaia National Park in the triple border of the
states of Minas Gerais, Rio de Janeiro, and Sao Paulo; Lagamar de Cananeia State Park and Guaraquegaba Ambiental
Protection Area at the border of the states of Sdo Paulo and Parana; the area nearby Campos do Quiriri, Sdo Joaquim
National Park highlands and the coastal promontory of Serra do Tabuleiro State Park in the state of Santa Catarina;
the Aparados da Serra highlands escarpment area of Serra Geral close to the ocean in northeastern Rio Grande do Sul.
Although all the modeled area is not likely occupied by C. grandiflora due the land discontinuity of the sky island
distribution of rock outcrops on mountaintops, for example, in the flora of Itatiaia (Moreira et al. 2021) this species was
not found. Our modeling shows that these areas bear suitable habitats for the new species and could harbor other Calea
species with habitat requirements similar to those of C. grandiflora. Besides C. grandiflora, only C. subintegerrima
(Malme 1933: 94) V.R.Bueno & G.Heiden (Bueno & Heiden 2022a) and C. ilienii Malme (1933: 94-95), from the C.
myrtifolia complex, have occurrence records along the Serra do Mar range.

Informal Conservation Status:—Calea grandiflora could be considered Critically Endangered (CR). The
analyses through GeoCAT (Bachman et al. 2011) generated only an AOO (8.0 km?), due the limited distribution
records known so far (only two points). According to the IUCN (2019) criteria, this new species complies with several
requirements of the CR status: B1B2; C2(i); D, mainly because the new species was found in only two locations. The
scarce records, in agreement with the condition b* (IUCN 2019), suggest that this species is Endangered. Despite the
apparent contradiction, when two distinct statuses are confronted, the most restrictive one is preferred according to the
IUCN (2019) guidelines.

Calea grandiflora occurs in two protected areas: Paranapiacaba Biological Station and Sabesp Forest Reserve.
These areas are in one of the four centers of endemism of the Atlantic Forest (Aguiar et al. 2003). Due to the apparent
rarity, the AOO value, the adopted IUCN criteria and conditions, and because the last collection is from 1991, the status
CR is warranted for C. grandiflora.

Etymology:—The epithet “grandiflora” refers to the ray florets, which are larger than those found in other species
of the Calea myrtifolia complex.

Phenology:—The collected specimens were flowering and fruiting in December and March.
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4 mm

FIGURE 1. Calea grandiflora sp. nov. (Neurolaeneae, Asteraceae) A. Flowering branch. B. Leaf with pauciserrate margins, adaxial
surface. C. Margin with small teeth. D. Abaxial surface indumentum. E. Phyllary of first series. F. Phyllary of second series. G. Phyllary
of third series. H. Phyllary of fourth series. I. Phyllary of fifth series. J. Striate surface of scarious phyllaries. K. Capitulum with ray florets
removed to show involucre, paleae and disc floret arrangements. L. Ray floret. M. Disc floret with monolength pappus scales. N. Cypsela
with monolength pappus scales. A-N drawn from L. R. Landrum 2761 (SP); A—M: millimeter scale. Illustration by Débora Dalzotto.
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FIGURE 2. Occurrence map of Calea grandiflora, C. parvifolia, C. x parviantha, and C. triantha (Neurolaeneae, Asteraceae) in Brazil.
MG—Minas Gerais, SP—Sao Paulo, PR—Parana, SC—Santa Catarina. Figure by: Marcelo L. Bueno.
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FIGURE 3. Prediction occurrence map of suitable ecological niche modelling for Calea grandiflora and C. X parviantha (Neurolaeneae,
Asteraceae). Figure by: Marcelo L. Bueno.

Taxonomic comments:—One of the two specimens of Calea grandiflora was initially identified as C. myrtifolia,
probably due to the glabrous leaves, acrodromous venation, and involucrum with foliaceous outer phyllaries. These
features together with shrubby habit, cymose dichasial capitulescence, and the pappus shorter than the cypsela place it
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in the Calea myrtifolia complex. These two species can be distinguished by elliptic blade leaf (vs. ovate or lanceolate),
attenuate base leaf (vs. rounded), outer series of phyllaries 12.2-20 mm long (vs. 4.9—11.3 mm), ray floret tube 4-5
mm long (vs. 2.1-3.1 mm), disc corolla lobes 1.4—1.5 mm long (vs. 0.8—1.2 mm).

The elliptic and longer leaves, the capitulum with longer outer phyllaries and ray floret corolla, and the uncommon
occurrence in the Serra do Mar corroborate that this is a new species, resembling the previously described Calea
arachnoidea Reis-Silva & Nakajima (2021: 130-131).

Both Calea grandiflora and C. arachnoidea have shrubby habit, elliptic leaves up to 6.8 cm long, slightly
branched cymose dichasial capitulescence, glandular-punctate peduncle, involucrum 10.8-20 mm long, and similar
habitat associated with rock outcrops in the Atlantic Rainforest. These species can be differentiated by the striate stems
(vs. conspicuously furrowed), discolorous leaf blades (vs. concolorous), venation basal (vs. semicraspedodromous);
peduncle 1.35-4.28 cm long (vs. 0.3-0.8 cm), puberulous to pilose or pilose indumentum (vs. arachnoid, rarely
glabrous), outer series of phyllaries 12.2-20 % 4.2-10.6 mm long (9-14.1 x 2.9-6.1 mm); paleae 7.7-9.8 mm long
(9.8-13.2 mm); ray florets 10—18 (vs. 3—8), corolla 16.9-31 mm long (vs. 8.1-12 mm); and monolength pappus scales
(vs. polylength).

Paratype:—BRAZIL. SAO PAULO: Salesépolis, Reserva Florestal da Sabesp, adjacente a Estacdo Bioldgica da
Boraceia, 22 March 1991, M. Kirizawa 2432 (SP).

Calea x parviantha V.R .Bueno & G.Heiden, nothosp. nov. (Fig. 4, 5)

Calea x parviantha differs from C. parvifolia by the striate stems (vs. corrugate stems), hispid or hispidulous or glabrous stems (vs.
puberulous or puberulent), and coriaceous leaves (vs. chartaceous leaves); and from C. triantha by the rounded base leaf, sometimes
subcordate (vs. cordate), concave paleae (vs. conduplicate), and pappus scales 1.1-2.7 mm long (vs. 0.8—1.3 mm).

Type:—BRAZIL. Parand, Jaguariaiva, campo proximo a ponte do Rio das Mortes, PR-151, 16 December 1991, A.C. Cervi et al. 3546
(holotype: MBM!, isotypes: CGMS!, CPAP!, UPCB!).

Shrubs, 0.2-1.2 m tall, stems castaneous, cylindrical, striate, hispid, often sparsely hispid, rarely densely hispid or
hispidulous or glabrous, rarely glandular-punctate, internodes 5.4-32.7 mm long. Leaves decussate, petiole 0.5-2.2 mm
long; blades olivaceous or dark green adaxially, concolorous, sometimes slightly discolorous or discolorous, coriaceous,
0.78-2.57 x 0.42—1.59 cm, ovate or narrow ovate, rarely wide ovate, base rounded, sometimes subcordate, apex acute,
rarely attenuate or obtuse, venation basal acrodromous and reticulate or basal acrodromous, margins revolute, often
slightly revolute, entire or pauciserrate, sometimes serrate, 0—12 (—13—14) teeth, 0.3—1.8 mm long, from the base to
middle, sometimes absent or just in the middle, rarely along the margins, abaxial surface hispidulous, often glabrous,
sometimes hispid, veins hispid to hispidulous or hispidulous, sometimes glabrous, densely glandular-punctate, often
glandular-punctate, adaxial surface scabridulous, often sparsely scabridulous with margin scabridulous, sometimes
glabrous to scabridulous, glands absent. Capitulescence cymose dichasial, sometimes capitulum solitary, profusely
branched or branched, axis 0-14.56 (—30.3) cm long, branching to 2—3™ ramifications, rarely 4-5" ramifications, 2—18
secondary stems, peduncle 0.08-3.55 (—3.9—4.16) cm long, hispid, rarely glandular-punctate. Capitulum heterogamous,
radiate, involucrum campanulate, 5.8-9.7 x 6.8—13.6 mm, 5-seriate; phyllaries conspicuously or inconspicuously
striated; two outermost series of phyllaries olivaceous, sometimes olivaceous with base yellowish green, foliaceous,
sometimes foliaceous with base scarious, margins entire, sometimes serrate, abaxial surface hispid to hispidulous,
sometimes glabrous or hispidulous, densely glandular-punctate or glandular-punctate; first series 4—6 striate, blades
6.6-10.2 x (3-3.3-) 3.9-4.7 (-5.5-5.7) mm, wide elliptic or narrow obovate, sometimes elliptic, rarely oblanceolate,
apex acute or obtuse, half revolute, often revolute; second series 4-8 striate; blades 7-10.4 x 3.1-5.7 (—7.5) mm,
obovate or wide elliptic or panduriform, apex obtuse, often acute, revolute, rarely half revolute; third series yellowish
green to olivaceous, apex foliaceous, sometimes scarious, 6—10 striate, blades 5.5-9.7 x 2.7-4.8 mm, oblong or narrow
ovate, sometimes narrow obovate, margins entire, apex obtuse, sometimes rounded, rarely acuminate, revolute or flat;
abaxial surface sparsely hispid at apex or pilose at apex, sometimes glabrous, densely to moderately glandular-punctate
at apex, sparsely to densely glandular-punctate; two innermost series yellowish green to light yellow or yellowish
green, scarious, glabrous, sometimes glandular-punctate at apex, fourth series 815 striate, blades 7.2-9.9 x 3.34.3
mm, oblong, sometimes narrow obovate, margins entire, sometimes erose at apex, apex rounded; fifth series 10-15
striate, blades 7.4—10.9 x 2.3-3.9 mm, narrow oblong or oblanceolate, sometimes narrow elliptic, margins entire,
apex rounded, sometimes obtuse; receptacle slightly convex, holopaleaceous; paleae light yellow, concave, 7-9 mm
long, narrow elliptic or narrow oblong, sometimes oblanceolate, apex long acuminate. Ray florets 8—15, (10.2-)
12-15.7 (-19.8) mm long, pistillate, corolla liguliform, (8.3—) 9.3-14.2 (-16.4) mm long, yellow, tube 1.5-3.8 mm
long, limb 5.9—12.6 x (1.8-2.3-) 3.2—4.6 mm, narrow obovate, often narrow elliptic or narrow oblong or oblanceolate
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or elliptic, apex rounded, sometimes 2—4 lobulate, rarely obtuse, 5—7 veins, abaxial surface densely glandular-punctate,
sometimes glandular-punctate, adaxial surface glabrous; style arms yellow, 0.7-1.5 mm long. Disc florets 30-55,
7-10 mm long, bisexual, corolla tubular, 4.4—7 mm long, yellow, tube 1.3-2.6 mm long, lobes 1-1.7 (-2.1) mm long,
sparsely glandular-punctate or glands absent, rarely glandular-punctate; anthers light yellow, (2.3—) 2.5-2.9 mm long,
apical appendages ovate; style arms yellow, 0.8—1.2 mm long, linear. Cypselae blackish, 2.2-3.2 (-3.6) mm long,
prismatic, ray cypselae 3-angled, disc cypselae 4-angled, glabrous to pilose or densely pilose or sparsely pilose to
pilose, ribs densely pilose, often pilose; pappus monotypic, often bitypic, scales monolength, sometimes bilength,
8-15 (1-2 distinctly longer, when present), free, 1.1-2.2 mm long, longer scales 1.6—-3 mm long, when present, oblong
or oblanceolate, sometimes narrow elliptic, apex obtuse or rounded, margins entire, erose at apex.
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FIGURE 4. Comparative illustration of informative structures to recognize the new nothospecies Calea x parviantha in comparison to its
parental species C. parvifolia and C. triantha (Neurolaeneae, Asteraceae) A—C. Indumentum of stems. D-H. Cypselae with pappus scales.
[-K. Leaves, abaxial surface with venation. L-N Abaxial surface with vein and indumentum in detail. A, D, E, I and L: Calea parvifolia
drawn from M. L. Brotto et al. 3175 (MBM). B, F, G, J and M: Calea x parviantha nothospecies nov. drawn from 4. C. Cervi 3546 (MBM).
C, H, K and N: Calea triantha drawn from G. Heiden et al. 2312 (ECT); A-M: millimeter scale. Illustration by Débora Dalzotto.
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FIGURE 5. Calea x parviantha nothospecies nov. (Neurolaeneae, Asteraceae) in tropical high elevation grasslands in the contact zone
of the Atlantic Forest and Cerrado domains at Porto Amazonas, Parana, Brazil. A. Leaf abaxial surfaces and phyllaries of involucrum. B.
Radiate capitulum. Photos by R. T. Dall’Agnol.
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FIGURE 6. Principal Component Analysis performed with the informative morphological characters of C. X parviantha and its parents:
C. parvifolia and C. triantha. 1. Calea triantha. 2. Calea x parviantha. 3. Calea parvifolia. Figure by Marcelo L. Bueno.

Distribution, Habitat and Predicted Area of Occurrence:—Calea x parviantha occurs in two Brazilian states:
Sao Paulo and Parana (Fig. 2). A total of eight municipalities have occurrences of this new nothospecies, two in
Sdo Paulo and six in Parana. In addition, Ponta Grossa (municipality in Parand) has an occurrence only recorded
by photos (Pricila Just, pers. comm.). The new nothospecies occurs in areas of grasslands with rocks outcrops and
riverine vegetation along the contact zones of high elevation tropical grasslands of the Atlantic Forest domain and
the southernmost limits of open grasslands and savannas from the Cerrado domain. In the Jaguariaiva sites, C. x
parviantha is more commonly found than its parental taxa (Fig. 2), suggesting that hybrid populations are probably
replacing them in this area.

According to the niche modelling, the new nothospecies potentially occurs in open areas where the two parental
species are allopatric from the center-south of Sdo Paulo to the south of Parana (Fig. 3). However, due to its hybrid
nature, it is more likely that the distribution of the nothospecies is restricted from Itararé, Sdo Paulo, to Lapa, Parana,
where the parental species co-occurrence is likely and the contacts between Atlantic Forest and Cerrado are more
common (Fig. 2).

Informal Conservation Status:—Calea * parviantha could be considered Endangered (EN). Traditionally,
hybrids are not evaluated for their conservation status, but as this hybrid has different collections over almost a century,
it is probably a stable hybrid and therefore this status was evaluated. The GeoCAT (Bachman ef al. 2011) analyses
generated an EOO of 5,000 km? and AOO of 48 km?, both values suggesting EN status. C. X parviantha also can be
considered EN due the criteria (IUCN 2019): B1B2; C2(i); D. The new nothospecies mostly occurs out of protected
areas, except for three occurrences in Ecologic Station of Itapeva (Itapeva, Sdo Paulo), Ecological Park of Barreira
(Itararé, Sao Paulo) and probable occurrence in Cerrado State Park (Jaguariaiva, Parand). The few records in protected
areas, the AOO and EOO values and the above-mentioned [UCN criteria are strong subsidies for classifying Calea x
parviantha as Endangered.

Etymology:—The nothospecific epithet “parviantha” is proposed based on the merging of the specific epithets of
the putative parental species: Calea parvifolia and C. triantha.

Phenology.—Most of the collected specimens were found flowering and fruiting from December to April, with
one outlier record flowering in August.

Taxonomic comments and support analysis:—Most of the specimens of Calea X parviantha were misidentified
as C. myrtifolia, mainly due to the ovate leaves bigger than the leaves of C. parvifolia. Studies of specimens labeled
as C. myrtifolia from Sao Paulo and Parand evidenced that some specimens were the hereby described C. grandiflora
and the remaining a putative hybrid between C. parvifolia and C. triantha. The main morphological characteristics
that indicated these specimens as a new hybrid species were the combination of reticulate venation and hispid
indumentum—features absent in C. myrtifolia, but present in C. parvifolia and C. triantha, respectively. Therefore,
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based on the evaluation of all the available specimens previously labeled as C. myrtifolia we can currently confirm that
this species is endemic to the state of Minas Gerais in Southeastern Brazil.

Calea x parviantha shares with C. parvifolia the rounded leaf base, occasionally subcordate, elliptic blade of first
series of phyllaries, concave paleae of receptacle, tube of disc floret 1.3—-2.6 mm long, most of cypselae with glabrous
to pilose face and densely pilose ribs, and pappus monotypic, often bitypic in the same plant. They can be distinguished
by the striate stems (vs. furrowed stems), hispid or hispidulous or glabrous stems (vs. puberulous or puberulent), glands
absent in stems, rarely glandular-punctate (vs. densely glandular-punctate, sometimes glandular-punctate), coriaceous
leaves (vs. chartaceous), revolute margin, sometimes slightly revolute (vs. flat), commonly hispidulous abaxial surface
(vs. commonly glabrous), revolute apex in second series of phyllaries (vs. flat), and always entire margin in third series
of phyllaries (vs. mostly serrate, rarely entire).

Calea x parviantha has striate stems and coriaceous leaves in common with C. triantha. In addition, these species
commonly have hispid and eglandular stems, hispid peduncle, hispid to hispidulous outer phyllaries, and rounded apex
of ray florets. The nothospecies differs from this parental species by the commonly ovate or narrow ovate leaves (vs.
very wide ovate, sometimes wide ovate, rarely ovate), rounded base leaf, sometimes subcordate (vs. cordate), usually
acute apex (vs. usually obtuse apex), concave paleae (vs. conduplicate), pappus monotypic, often bitypic (vs. always
monotypic), monolength pappus scales, often monolength and bilength (vs. only monolength), and pappus scales
1.1-2.7 mm long (vs. 0.8—1.3 mm).

The characteristics that the nothospecies presents that are intermediate or that overlap with those of the parental
species are listed in Table 1. The PCA results corroborate the hypothesis on the hybrid origin of C. x parviantha, all
characters listed in Table 2 contributed to the separation of taxa in the PCA analysis. The multivariate analyses plot
(Fig. 6) evidences that the morphological data groups the specimens in distinct groups of parental species and the
nothospecies with intermediate values.

TABLE 1. Vegetative and reproductive informative characteristics measured for the Principal Component Analysis
performed with Calea % parviantha and its parental species C. parvifolia and C. triantha (Neurolaeneae, Asteraceae).

C. parvifolia C. X parviantha C. triantha
X . basal acrodromous and reticulate or

Venation reticulate basal acrodromous
basal acrodromous

Leaf margin entire entire or pauciserrate, rarely serrate serrate

Glands in peduncle densely punctate eglandular, rarely glandular-punctate  eglandular

Margin of outer phyllaries pauciserrate, rarely entire entire, sometimes pauciserrate entire

Third series of phyllaries (mm) 8.8-10.3 5.5-9.7 5.1-7.9

Fifth series of phyllaries (mm) (8.1)9-10.2 7.4-10.9 6.6-8.2 (9.3)

o narrow elliptic or narrow oblong,

Paleae narrow elliptic ) oblong
sometimes oblanceolate

Disc floret length (mm) 8.5-11.6 7-10 6.1-8.4

. sparsely glandular-punctate or

Glands on disk floret corolla glandular-punctate eglandular
eglandular, rarely glandular-punctate

Length of pappus scales monotypic, often bitypic monotypic, often bitypic monotypic

Length of pappus scales monolength or bilength monolength, sometimes bilength monolength

Examining all the specimens, a gradation of characters was seen in the different populations, but within these,
some morphological standardization is seen among the specimens, mainly in those found in the municipality of
Jaguariaiva and region, Parana state. All hybrid populations are in contact with populations of the parental species,
the nothospecies populations further south of the distribution are more than the Jaguariaiva populations (north of the
nothospecies distribution). We believe that due to all the evidence presented here it is a nothospecies; however, more
molecular studies would be needed to corroborate this hybrid status.
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TABLE 2. Intermediate or overlapped morphological features of Calea x parviantha and its parents: C. parvifolia and C.
triantha (Neurolaeneae, Asteraceae).

Informative Characters

Internodes Measurement Length

Petiole Measurement Length
Measurement Length

Vegetative Measurement Wide

Leaf Characterization Shape of apex
Characterization Types of venation
Characterization Types of margins

Peduncle Measurement Length

fnvolore Measurement Length
Measurement Wide

) ) Characterization Stripes conspicuous or inconspicuous

Striate phyllaries
Counting Number

Second order of phyllaries Characterization Shape
Measurement Length
Measurement Wide

Third order of phyllaries Characterization Shape
Characterization Apex
Characterization Glandular or eglandular
Characterization Margins
Measurement Length

Fourth order of phyllaries Measurement Wide
Characterization Glandular or eglandular

Fifth order of phyllaries Measurement Le.ngth
Measurement Wide

Paleas Measurement Length
Characterization Apex

Reproductive Counting Number

Measurement Length of corolla
Measurement Length of limb

Ray florets Characterization Shape of apex
Counting Veins in corolla
Characterization Glandular or eglandular
Measurement Length of style
Measurement Length
Measurement Length of Corolla

Disc florets Measurement Length of Tube
Measurement Length of Limb
Characterization Glandular or eglandular

Anthers Measurement Length

Style Measurement Length

Cypselac Measurement Length
Characterization Indumentum of surface
Measurement Length

Pappus scales Characterization Shape
Characterization Apex
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Paratypes:—BRAZIL. Parana: Balsa nova, Ponte dos Arcos, 07 December 2005, C. Kozera 2688 (MBM);
Jaguariaiva, campo proximo a ponte do Rio das Mortes - PR 151, 16 December 1991, C. Kozera & O. P. Kozera
2688 (MBM); Castro, entre Castro e Ponta Grossa, 1950, J. Vidal 3-151 (R); Jaguariaiva, campos, 05 February 1910,
P. Dusén 9187 (S); campos, 26 December 1914, P. Dusén 16195 (MO, US); rio das Mortes, 02 February 1995, J.R.
Stehmann & J. Semir 2169 (BHCB, UEC); montanha, 07 April 2007, F. Bueno s.n. (RB); Palmeira, fazenda Santa
Rita, 24 January 1990, L. T. Dombrowski et al. 14258 (MBM); Sengés, mata ciliar na margem esquerda do Rio Funil,
08 April 1995, Ribeiro Jr. et al. 04 (FUEL, SP, UEC); Tibagi, Parque Estadual Canyon Guartela, 10 February 1997, V.
F. Kinupp et al. 273 (FUEL, UEPG). Sao Paulo: Itapeva, Esta¢do Ecologica de Itapeva, 18 August 1995, V.C. Souza
et al. 8732 (ESA, SP, SPF); 27 January 2009, J. B. Baitello & C. R. Lima 2236 (MBM, SPSF); Estacao Ecologica de
Itapeva, trilha da Vila, 26 March 2008, J. B. Baitello et al. 2051 (SPSF, UEC); Itararé, Gruta da Barreira, 04 December
1984, C. Muller et al. 5994 (FUEL, UEC); proximo a entrada da Fazenda Sdo Nicolau, 21 April 1993, V. C. Souza et
al. 3981 (ESA).

Additional specimens examined:—Calea parvifolia—BRAZIL. Parana: Arapoti, Estrada para Ventania na Barra
do Rio Perdizes com o Rio das Cinzas, beira da estrada, 03 March 2003, M. A. G. Magenta 558 (MO, SPF); Balsa
Nova, Ponte dos Arcos, afloramento rochoso proximo a Mata de Pinus, 02 April 2019, A. L. Christ et al. 646 (ICN);
Bocaitiva do Sul, Serra da Bocaina, 20 April 1998, J. M. Silva et al. 2331 (MBM); Ponta Grossa, Furnas de Itaiacoca,
20 August 2014, J. Cordeiro et al. 4705 (MBM); Tibagi, Parque Estadual do Guartela, Rio lapo, 01 September, S. R.
Ziller 1578 (MBM). Sao Paulo: Itapeva, Estacdo Experimental, 03 November 2009, R. Cielo-Filho et al. 896 (SPSF).

Calea triantha—BRAZIL. Minas Gerais: Pogos de Caldas, Campo do Saco, 12 Feb 1965, M. Emmerich 2381
(RB). Parana, Campo Largo, fazenda Thalia, 08 March 1998, W. Amaral 22 (MBM); Ventania, fazenda Santa Inés, 11
February 2005, D. A. Estevan et al. 531 (HUFU). Santa Catarina, Lages, salto Caveira, 29 January 2015, R. Mello-Silva
3765 (SPF); Rio Negrinho, salto do rio Antinha, 23 December 2018, C. Ribeiro et al. 313 (ICN). Sao Paulo, Campos
do Jordao, vale do rio Coxim, areal, 17 March 1964, J. Correa Gomes Jr. 1620 (SP).

Key to the species of Calea from the states of Parana and Sao Paulo, Brazil

1. DISCOIA CAPTEUIUIML c.. ettt ettt b e bbbt st e e b e b e e b e e bt e bt e bt eb b es b em b et et e sb e e bt e bt ebeententen b e beebeebeeneens 2.
- RAIATE CAPTIUIUIT ...ttt ettt b bbbt st e e b e b e e bt e bt e bt e bt eb b es b en b et et e ebe e bt e bt eb e ea e et enbenbenbeebeebeens 5.
2. OULET PRYIIATIES SCATTOUS .....euteuteteterteeteetteit ettt ettt ettt ettt et et b e s b e s bt e bt e bt es e estes e e e et e bt eb e e bt eb e ea e eaten b et e bt ebeebeebeeseesbestenbenbenbenbeabeeneas 3.
- OULET PRYIIATIES TOLIACEOUS .. ..euvetitirtieteet ettt ettt b e bbbt e st e st et et e bt b e bt eb e ea e ea et et e b e e b e sb e e bt ebeesbess et enbenbenbeabeeneas 4.
3. Capitulescences umbelliform; pappus scales 1.8—4.2 mm long... C. lantanoides
- Capitulescences cymose; pappus scales 0.2—1.1 mm long C. polycephala
4. Venation acrodromous basal; pappus scales 4—5 mMm 0N ......cooveiiiiriiniiniiiiie e C. gentianoides
- Venation hyphodromous; pappus scales 0.2—0.3 MM 10NZ........cceririririiiiiiieee et C. senecioides
5. Leaf margins thickened and WHIEE. .........couiiiiiiiiii bbbttt ettt st b e bt bt e bt e st et et e b beebeebeeas 6.
- Leaf marging SIENAET aNd GIEEM.........eiuiiuiiuiiiieieieteet ettt ettt b e bbbt e bt e bt e st et et et e s bbbt e bt en et et e b e b ebeebeens 7.
6. Leaves discolorous, abaxial surface glandular-punctate; cypselae 2—2.5 MM .....c.ccoiiiiiiiiiiniinininiieeeeeseseee C. ilienii
- Leaves concolorous, abaxial surface eglandular; cypselae 3.2—-3.6 mm C. monocephala
7. CapituleSCenCe UMDEIITOTIN .....ocuiitiriiiiieiieitet ettt et b bbbt b e bt s e s et et e s bt e b e sb e e bt ebe e st esb et enbenbesbeabeeneas 8.
- Capitulescence cymose dichasial o1 capitula SOIEATY .....c.ceviriiriiriiiiiiiee ettt s eneene 10.
8. LeaVES WHOTIEA. ..ottt ettt st b e et a et b e e st e b e e bt et e b et n et ae e e enean 9.
- Leaves decussate
9. Leaf limb elliptic; TECEPTACLE COMIC .....eviruiiuieiiiieieiesterteet ettt ettt sttt et et ee e sbesbesbe b C. mediterranea
- Leaf limb obovate or oblanceolate or rhombic; TECEPLACIE COMVEX........oruiruiriirtiriiriiriieiieteteterte ettt ettt st ebeeneene 10.
10. Leaves crowded in a basal rosette; ray floret corolla 9.8—11 mMm 1ONG ......c.cceviririiiiiiiiiiiieeee e C. acaulis
- Leaves evenly distributed along the stems; ray floret corolla 11.3—14.7 mm 10N .....c.cccoueriirinininiiniiiiieeeeeee C. cymosa
11. Leaves serrate; CapituleSCEIICE COMEEST .....euirutriiiuieierierierierteeteet ettt et et et e b s b e s bt sbe e bt esteste st esbenbesbeabeebeebeeneentensebenbenbenienee C. serrata
- Leaves crenate; CapituleSCENCE LK ......coueeuiiiiiiiitirieeteete ettt ettt b e bt ettt et e et et sbesbeebeeseesaentens C. pinnatifida
12. HAabIt HEIDACEOUS ...ttt st st e et ee et n e e 13.
- Habit shrubby
13. Leaves 0.04-0.1 cm wide, linear; involucre 8.4—13.4 mm long, receptacle oligopaleaceous .........c..cccevveveeruenienncnne. C. graminifolia
- Leaves 0.6-4.5 cm wide, ovate to lanceolate or elliptic or obovate to orbiculate; involucre 14.1-25 mm long, receptacle
ROLOPAIEACEOUS ...ttt b bbbt s et e b e b e e b e e bt e bt eh e e bt ea b e st et et e bt eb e bt eb e e bt e st ent et et et enbesbesbeebeebeeneene 14.
14. Leaf blade ovate; peduncle strigose t0 SCADTOUS OF LOMENLOSE. ......ecuveureuterierterterterterttetteitetetesteste st sbeebeebeeseestesentenbesbesbesbesseeseeneens 15.
- Leaf blade elliptic or obovate to orbiculate; peduncle velutinous or NIrSULe ..........ceceeeeieiierieniinininiceeee e 16.
15. Receptacle convex, paleae 9-13 mm long; tube of ray florets 3—5 Mm lONg .......cceveiiiiniininiiiiceen C. uniflora
- Receptacle conic, paleae 14-20 mm long; tube of ray florets 6—7.5 mm long .... C. verticillata
16. Leaf limb elliptic, apex acute; peduncle hirsute; receptacle CONVeX........cccceceeeeeervenenennenne. C. clausseniana
- Leaf limb obovate to orbiculate, apex rounded; peduncle velutinous; receptacle CONIC......c.evireririririeieieieriesesesesceeeeeene 17.
17. Outermost series of phyllaries longer than the second and third SEIIes ........c..coceeeeieiieiieninininreeeeeeeeen C. pohliana

- Outermost series of phyllaries shorter than the second and third SETIEs........cc.ceoveviiriiririniniiieeeeeeeee C. cuneifolia
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18. Leaves sessile, limb linear, venation hyphodromous; disc florets 5—10; pappus scales 0.2-0.5 mm long.................. C. hymenolepis
- Leaves petiolate, limb ovate or lanceolate or elliptic or deltate, venation acrodromous basal or reticulate or eucamptodromous; disc
florets 15—75; pappus scales 0.7—3.0 MIM LONG.........cociiirirrieieiieiee ettt ettt ettt estestesbesbesse e st eseessessensesessessessessasseeneens 19.
19. Leaf base attenuate; two outermost series of phyllaries 12.2-20 mm long; corolla of ray florets 16.9-31 mm long ............cccu........
....................................................................................................................................................................................... C. grandiflora
- Leaf base rounded or cordate or truncate; two outermost series of phyllaries 3.3—11.2 mm long; corolla of ray florets 7.4-16.5 mm

LOMIE .ttt ettt b bt e ekt ett e Rt ent e s et et e beehe Rt en e e Rt e Rt e st en s et e be et e ekt eheeseen s e st e tebenbenseeseenean C. marginata
20. Stems corrugated, puberulous or puberulent; leaves chartaceous, margins flat...........ccoocevirievirrienienenineececeeeeene C. parvifolia
- Stems striated, hispid to hispidulous, strigose, rarely glabrous; leaves coriaceous, margins revolute............ccccoecereirereencniencns 21
21. Second series of phyllaries pubescent to puberulous; ray floret corolla 15.3—17 mm long, limb 12.5-13.5 mm long .........cccccc.e.

......................................................................................................................................................................................... C. pruskiana
- Second series of phyllaries strigose or glabrous or hispid; ray floret corolla 7.4-14.2 mm long, limb 5.9-10.5 mm long ........... 22.
22. Leaf abaxial surface glabrous; cypsela angles RIrSULE.........ccuerveriererirerieieieieieee et eneens C. subintegerrima
- Leaf abaxial surface sparsely scabridous or scabridulous; cypsela angles PiloSe..........ccevverierieririnieieieieieiesiese e 23.
23. Leaf base cordate; third series of phyllaries eglandular; receptacle paleae conduplicate ..........ccevvevierierenienenenceeeeiennen C. triantha

- Leaf base rounded or subcordate; third series of phyllaries glandular-punctate; receptacle paleae concave ............ C. X parviantha
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