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BECERRA and MAVAREZ: A NEW ESPELETIA FROM COLOMBIA Espeletia saboyana (Millerieae, Asteraceae), a New Critically Endangered Caulirosula from Cordillera Oriental, Colombia

m tall, with whitish-cinereous appearance, sessile leaves with elliptic laminae, cymose capitulescences with aphyllous unbranched portion and 3-5 capitula, 5-13 phyllaries, the external ones 17.4-26.0 mm long, 49-92 ray florets 13.0-18.4 mm long, and 162-347 disc florets 8.2-12.2 mm long. Similar to E. incana Cuatrec., but with longer laminae, bigger foliar area, and fewer ray floret series. Also similar to E. murilloi Cuatrec., but with longer ray tubes, ray paleae, disc corollas, disc styles, disc anther appendages, and disc paleae. In addition, E. saboyana is distributed allopatrically in regards with E. incana and E. murilloi. This species is proposed to be listed as IUCN Critically Endangered (CR), since it is restricted to a single population with Extent of Occurrence = 1.83 km 2 and Area of Occupancy = 0.48 km 2 . Besides, this population is severely fragmented into 40-50 demes, the largest one covering only 34,000 m 2 . Most demes are found in humid soils and wetlands submitted to continuous habitat deterioration as water is drained for use in agriculture. Espeletia saboyana is rare or absent in these newly drained areas, which are either colonized by other species that thrive on drier soils or transformed into pastures for cattle grazing. Furthermore, analyses of size class distributions show that recruitment rates of E. saboyana are significantly lower in small demes, which, if not reversed, can further reduce population size in the near future.
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The genus Espeletia Mutis ex Bonpl. is endemic to the high elevations in the Andes of Venezuela, Colombia and Northern Ecuador, with some outliers in Venezuelan Cordillera de la Costa and Colombian Sierra Nevada de Santa Marta.

These plants are well known for their extraordinary diversity of growth-forms, which include profusely branched, dichotomous and unbranched trees, shrubs, branched caulirosulas, sessile caulirosulas and, particularly, the emblematic giant caulirosulas. Espeletia currently includes 139 species, usually found from ca. 2400 m above sea level (hereafter masl) in the upper Andean forest to ca. 4700 masl near the historical glacier limits, although most species occur between 3200-4000 masl, i.e. within the neotropical high-elevation open-vegetation ecosystem known as páramo [START_REF] Diazgranados | A nomenclator for the frailejones (Espeletiinae Cuatrec., Asteraceae)[END_REF][START_REF] Cuatrecasas | A Systematic Study of the Subtribe Espeletiinae (Heliantheae, Asteraceae)[END_REF][START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). The Venezuelan radiation[END_REF], 2021). Espeletia species frequently become ecologically dominant elements of páramos, usually reaching adult densities > 1 plant/m 2 (Smith 1981, Fagua and[START_REF] Fagua | Growth rates, reproductive phenology and pollination ecology of Espeletia grandiflora (Asteraceae), a giant andean caulescent rosette[END_REF]. Thus, many species, and notably the giant caulirosulas, contribute so much to the characteristic physiognomy of páramos in terms of abundance and biomass that for the general public these plants represent the defining element of this beloved ecosystem. This fact is celebrated in numerous postcards, books, webpages, and even Colombian and Venezuelan national banknotes.

Taxonomic research should be nearly complete in Espeletia after more than 200 years since its formal description [START_REF] Humboldt | Guidelines for Using the IUCN Red List Categories and Criteria[END_REF], and especially when considering the morphological distinctiveness of the genus, its ecological dominance, and the great interest it generates to the people. But in reality much taxonomic research remains to be done in Espeletia. For instance, several species are known by only a handful of specimens, while many localities are severely under-represented in botanical collections, especially in Colombia, where access to some páramos has been difficult due to the lack of roads and decades of armed conflict. In fact, the taxonomic knowledge of Colombian Espeletia is on constant change as numerous species are continuously being described from this country. For instance, 24 out of the 26 Espeletia species described since 2000 are from Colombia (Díaz-Piedrahita and Pedraza 2001, Díaz-Piedrahita and Obando 2004, Díaz-Piedrahita et al. 2006, Díaz-Piedrahita and Rodríguez-Cabeza 2008[START_REF] Zar | Biostatistical Analysis 5 th edition[END_REF][START_REF] Diazgranados | A new species of Coespeletia (Asteraceae, Millerieae) from Venezuela[END_REF][START_REF] Diazgranados | A new species of Espeletiopsis (Millerieae, Asteraceae) from Colombia[END_REF][START_REF] Diazgranados | Espeletia praesidentis, a new species of Espeletiinae (Millerieae, Asteraceae) from northeastern Colombia[END_REF][START_REF] Mavárez | Taxonomic novelties in páramo plants. Espeletia ramosa (Asteraceae), a new species from Colombia[END_REF][START_REF] Alzate | Espeletia restricta (Millerieae, Asteraceae), a new species from the páramos of northern Colombia[END_REF][START_REF] Becerra | Espeletia ocetana (Millerieae, Asteraceae), a New Tall Caulirosula from Colombia[END_REF]. This trend probably reflects a delay in taxonomic research that is being rapidly remedied with improvements in road infrastructure and better personal safety conditions in Colombia.

As part of an ongoing research program on the diversity and taxonomy of

Espeletia, we recently had the opportunity to sample a population of giant caulirosulas with sessile leaves and aphyllous capitulescences from a páramo west of the town Saboyá, Boyacá department, Colombia (Fig. 1). This population, hereafter referred to as Saboyá Espeletia, has been known for quite some time but its taxonomic determination has remained rather enigmatic. For instance, [START_REF] Rangel | Estrategia Corporativa para la Caracterización con Fines de Manejo y Conservación de Áreas de Páramo en el Territorio CAR[END_REF] and [START_REF] Arellano | Patrones en la distribución de la vegetación en áreas de páramo de Colombia: heterogeneidad y dependencia espacial[END_REF] could not assign it to any known species and entered it as Espeletia sp. in their analyses. On the other hand, [START_REF] Rojas | Plan de Conservación y Manejo de los Frailejones del Territorio CAR[END_REF] determined that Saboyá Espeletia belongs to E. incana Cuatrec., which is a somewhat morphologically similar species that nonetheless seems to differ in indumentum color, leaf size, leaf venation structure, and capitulescence size. Besides, the nearest confirmed E. incana population is located in Páramo de la Rusia, about 80 km E-NE of Saboyá. An evaluation of the other giant caulirosulas with aphyllous capitulescences from Western Boyacá suggests that Saboyá Espeletia is also morphologically similar to E. murilloi Cuatrec., a species with known populations in Páramo de Merchán, about 15 km E of Saboyá. However, as above, E. murilloi also appears to show some differences in regards with the size and shape of its leaves and capitulescences.

To test whether Saboyá Espeletia is conspecific with E. incana or E. murilloi we performed uni-and multivariate morphometric analyses of several leaf, capitulescence, and capitulum traits with great taxonomic importance in Espeletia (Cuatrecasas 2013, Becerra and[START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). II. Updated list of taxa, nomenclature, and conservation status in the Colombian radiation[END_REF]. Our results clearly show that the Saboyá population does not belong to either of the two mentioned species. The Espeletia from Páramo de Saboyá is described and illustrated in this work. Morphological traits-From each individual we sampled two leaves on opposite sides of the middle part of the rosette (without sheaths to avoid excessive damage) and two fully developed capitulescences. Most leaf and capitulescence traits were measured directly on fresh samples without magnification using a tape or a ruler. Leaf lamina area was estimated indirectly, as the ratio between the weight of a 1:1 leaf drawing measured on a 0.01 g precision balance and the paper density in g/cm 2 . In addition, we sampled and preserved in 70% ethanol one mature capitulum from each individual of the three taxa. Capitulum traits were measured in the laboratory using a 3.5 magnification device and a caliper. The ray floret series was estimated as the number of complete whorls plus the fraction of incomplete ones (e.g. 3.25, 4.50). Three replicates per capitulum were obtained for traits associated with phyllaries, florets, and paleae. In total, 43 quantitative traits were measured on each plant: nine in leaves, six in capitulescences, and 28 in capitula, with replicates per individual varying between one (11 capitulum traits), two (all leaf and capitulescence traits), and three (17 capitulum traits) (Table 1).

MATERIALS AND METHODS

Study sites and sampling-We

Morphological analyses-Statistical analyses followed the procedures described in [START_REF] Becerra | Espeletia ocetana (Millerieae, Asteraceae), a New Tall Caulirosula from Colombia[END_REF]. In short, the data for each trait were averaged per individual, log10 transformed, and their normality and homocedasticity verified using Shapiro-Wilk and Levene tests, respectively (no deviations found). Univariate morphological differences among taxa were evaluated using one-way analysis of variance (ANOVA), with significance cut-off values adjusted for the number of tests using a Bonferroni procedure ( adj = 0.05/43 = 1.16e-3, Sokal & Rohlf 2012, p239), whereas post-hoc comparisons for significant tests were analyzed using Dunnett's tests considering Saboyá Espeletia as control (Zar 2010, p234). Multivariate morphological differences among taxa were evaluated with Principal Component Analysis (PCA). Both uni-and multivariate tests and analyses were performed in R using the basic package Stats and visualized with ggplot2 v3.3.2 and factoextra v1.0.7.

Taxonomic descriptions-Complete leaves (with sheaths), mature capitulescences, and capitula of ten additional individuals of Saboyá Espeletia were sampled and described following the terminology employed in [START_REF] Roque | in Systematics, Evolution, and Biogeography of Compositae[END_REF] and [START_REF] Becerra | Espeletia ocetana (Millerieae, Asteraceae), a New Tall Caulirosula from Colombia[END_REF]. Most descriptions were based on dry material, although some stem and rosette traits were measured directly in the field, while descriptions and drawings of capitulum traits were made from samples preserved in 70% ethanol. These specimens were deposited in herbarium COL, whereas duplicates will be sent to FMB and UPTC (herbaria acronyms follow Thiers 2021).

Distribution and conservation-To know the geographic distribution of

Saboyá Espeletia, we inspected satellite images in and around Páramo de Saboyá using Google Earth, searching for areas above 3000 masl with open vegetation that could represent suitable habitats for Espeletia. Favorable areas were visited in June 2021 and any Espeletia species found was collected and identified. We followed IUCN guidelines to estimate Extent of Occurrence (EOO), i.e. the area of the smallest polygon containing all presence sites and in which no internal angle exceeds 180 degrees, a.k.a. minimum convex polygon (IUCN 2019), and Area of Occupancy (AOO), i.e. the sum of the area of all 0.1 km wide square cells in which the taxon is present. EOO and AOO were calculated with GeoCat [START_REF] Bachman | Supporting Red List threat assessments with GeoCAT: geospatial conservation assessment tool[END_REF], using the geographic coordinates recorded by GPS of all patches with confirmed individuals of Saboyá Espeletia.

To obtain some preliminary insights on the demographic functioning and short-term future trends of Saboyá Espeletia, we conducted a field study describing the spatial variation in population density and size-classes of this taxon. 26 plots (10-15 m × 4 m) were established in twelve patches or demes chosen according to their size: eleven plots were placed within four "large" patches (8218-33,644 m 2 ) and fifteen plots within eight "small" patches (724-3364 m 2 ) (Fig. 2). We counted all individuals in each plot, measured their stem height, and determined their reproductive status. The smallest flowering plant (i.e. smallest adult) had a stem of 0.95 m, so 1 m was designated as the minimum size at maturity. To facilitate data analysis each individual was assigned to one of the following size classes defined according to reproductive status and stem height: juvenile-1: < 0.5 m, juvenile-2: 0.5-1.0 m, adult-1: 1.0-1.5 m, and adult-2: > 1.5 m. The differences in abundance of size classes between large and small patches were evaluated using a nested ANOVA, with factor "plot" (levels: 1 to 26) nested within factor "patch size" (levels: small or large).

RESULTS

ANOVA-Results of F-tests from one-way ANOVA are shown in Table 2. 76%

of the 86 pairwise comparisons between Saboyá Espeletia and either of the other two species showed statistically significant differences. The magnitudes of the observed differences are very high, as half of the 65 significant pairwise comparisons showed adjusted p-values < 1e-10 and only two had values > 1e-4. In regards to trait type, 78% and 79% of pairwise comparisons involving leaf and capitulum traits showed significant differences, respectively, whereas only 58% of differences in capitulescence traits were significant. Indeed, only five out of 43 traits analyzed (i.e. LWL, CTPL, HPN, HRN, and HDN) showed no statistically significant differences between Saboyá Espeletia and neither of the compared species. Saboyá Espeletia differed significantly from E. incana and E. murilloi at seven and seven out of nine leaf traits analyzed, respectively, with no-overlapping values for lamina area (LLA) and length (LLL), and nearly so for max width (LLW), midpoint width (LMW), and base width (LBW). Differences in capitulescences were somewhat less important, as Saboyá Espeletia differed from E. incana and E. murilloi at four and three out of the six traits analyzed, respectively, all of them showing overlapping values among the three taxa. Conversely, Saboyá Espeletia differed significantly from E. incana and E. murilloi at 20 and 24 of the 28 capitulum traits analyzed, respectively, with non-overlapping values for the number of ray floret series (HRS), and the lengths of ray floret tubes (HRTL), ray and disc paleae (HRPa1L, HRPa2L, HDPaL), disc florets (HDL), disc styles (HDSL), disc stamens (HDStL), and disc anthers (HDAL).

PCA-A graphical representation of the PCA results describing the ensemble of differences between and within the three taxa is shown in Fig. 3A-B. The first two axes in this analysis, explaining 61.7% of morphological variance among taxa, clearly show that Saboyá Espeletia individuals segregate into a distinct morphologic cluster without overlapping with E. incana or E. murilloi clusters. The average within cluster Euclidean distance in PCA space for Saboyá individuals is 1.59 (sd. 1.04), which is 4.7 and 6.4 times smaller than the average distances against centroids of E. incana (7.41, sd. 1.57) and E. murilloi (10.23, sd. 1.69), respectively. Furthermore, without exception, each Saboyá individual is closer to its own centroid than to those of the other species, and its nearest neighbor is always another member of the same population. On the other hand, the morphological distinctiveness of Saboyá Espeletia against E. incana or E. murilloi also holds when PCA are built using leaf and capitulescence traits (Fig. 3C) or capitulum traits (Fig. 3D).

In sum, the ensemble of ANOVA and PCA results reveal an important morphological discontinuity between Saboyá Espeletia and either E. incana or E. Diagnosis-Caulescent rosette up to 5 m tall, with whitish-cinereous indumentum; sessile leaves with elliptic laminae; cymose capitulescences with aphyllous unbranched portion and 3-5 capitula; 5-13 phyllaries, the external ones 17.4-26.0 mm long; 49-92 ray florets, 13.0-18.4 mm long; 162-347 disc florets, 8.2-12.2 mm long. Similar to E. incana, but with longer laminae (31.0-48.5 cm vs.

19.0-30.5 cm), larger foliar area (147-389 cm 2 vs. 59-130 cm 2 ), and fewer ray floret series (2.6-3.9 vs. 4.1-6.3). Also similar to E. murilloi, but with longer ray tubes (3.2-7.0 mm vs. 1.7-2.9 mm), longer outmost ray paleae (10.8-16.2 mm vs. 6.8-10.7 mm), longer disc corollas (8.2-12.0 mm vs. 6.2-8.1 mm), longer disc styles (8.5-10.9 mm vs. 6.2-8.3 mm), longer disc anther appendages (2.6-4.8 mm vs. 1.8-2.5 mm), and longer disc paleae (8.2-11.9 mm vs. 6.0-8.1 mm).

Caulirosula (Fig. 4A-B), polycarpic, unbranched stem, erect, up to 5 m tall, covered with marcescent leaves, diam about 8-10 cm below the rosette base.

Rosette with whitish-cinereous indumentum, diam 80-90 cm, height 50-70 cm.

Leaves sessile (Fig. 4C,5A); sheath open, trapezoid, plurinerved, moderately coriaceous, 6.5-8.9 cm × 6.0-8.3 cm, abaxially floccose with golden trichomes 20-25 mm long, adaxially with golden trichomes 12-15 mm long only near the lamina base; lamina elliptic, coriaceous but flexible, 31.0-49.0 cm × 6.0-12.5 cm, length/width ratio 3.2-5.7:1, gradually attenuate towards the base, width at base 1.2-2.8 cm, apex acute, margins entire, undulate; abaxial surface with dense indumentum lanate-floccose, green-yellowish, trichomes < 15 mm long near the lamina base, < 5 mm long elsewhere, midvein pale-yellow, round and prominent all along, secondary veins prominent, parallel, mostly craspedromous, distally curved or divided, 8-14 veins/dm at lamina mid-section, angles 56°-80°; adaxial indumentum dense, lanate-floccose, soft, whitish-cinereous, trichomes < 25 mm long, shorter and sparser in oldest leaves, midvein visible all along, slightly prominent and gradually broadened towards the lamina base, secondary veins hardly visible. Capitulescences cymose (Fig. 4E-G, 5B-C), simple, opposite, axillary, erect, 6-12 coetaneous, axes robust, rigid, 24-59 cm long, capitulescence/lamina ratio 0.6-1.5, covered with abundant floccose whitish-yellowish indumentum, trichomes 10-15 mm long; proximal (unbranched) section 19-48 cm long, aphyllous; distal (branched) section 5-16 cm long, with 3-5 capitula, usually as 3 in a terminal cyme, and the others, if present, on 2 monocephalous lower branchlets, occasionally as 1 terminal capitulum and 2 monocephalous lower branchlets; central pedicels 1.0-4.5 cm long, lateral pedicels of terminal cymes 2.4-4.0 cm, sometimes sessile, pedicels of lower branchlets 3.5-7.0 long; subtending bracts opposite, sheaths connate and amplectant, lanceolate, acuminate, both sides covered with whitish lanate-floccose indumentum, abaxial trichomes < 10 mm long, adaxial trichomes < 15 mm long, bracts on lower branchlets 7.0-9.0 cm × 1.5-2.2 cm, bracts on 3-capitulum cymes 3.0-7.5 cm × 1.4-3.0 cm, bracts on single terminal capitula 2.4-4.7 cm × 1.1-2.1 cm. Capitula radiate (Fig. 4D), usually nodding, each with 222-426 flowers, involucre diam 17.4-31.3 mm, ray circle diam 25-44 mm, disc diam 16-34 mm; involucre campanulate, phyllaries 5-12(13) (Fig. 6A,6E), in two rows, outer phyllaries (2)3-4, herbaceous, 16.2-30.8 mm × 9.4-19.4 mm, ovate-oblong, apex acute, abaxially densely barbate, adaxially glabrous proximally, distally barbate, inner phyllaries 2-8(10), herbaceous, 12.0-21.1 mm × 5.5-13.5 mm, oblong, apex subobtuse, abaxially villous, adaxially villous only at apex; first series of ray floret paleae 13-22 (Fig. 6B), oblong, thin, herbaceous, subamplectant, 10.8-16.2 mm × 3.7-8.0 mm, subacute, abaxially villous along central longitudinal line and apex, adaxially glabrous; second and third series of ray floret paleae oblong (Fig. 6C), membranaceous, whitish-hyaline, amplectant, 9.8-13.4 mm × 2.1-4.3 mm, 3-5veined, central vein thicker, abaxially barbate at apex, trichomes erect, yellowish, < 1.2 mm long, adaxially glabrous; disc floret paleae oblong (Fig. 6D), membranaceous, whitish-hyaline, amplectant, 8.2-11.9 mm × 1.2-2.9 mm, 3-5veined, abaxially barbate distally, trichomes erect, yellowish-brown, < 1.2 mm long, adaxially glabrous; receptacle slightly convex, diam 10.5-18.9 mm. Ray florets 49-92 (Fig. 6F), in 2.6-3.9 series, 12.6-18.7 mm long; corollas liguliform, yellow, 8.9-14.9 mm long; tubes 3.2-7.0 mm long, with scattered trichomes < 0.5 mm long, eglandular, erect, transparent, uniseriate, septate, with round apex; limbs oblong, 4.9-8.8 mm 1.4-2.7 mm, 2-3-dentate, 5-7-veined, with scattered sessile glands; styles 4.9-10.9 mm long, branches 1.7-2.7 mm long; cypselae 3-ribbed (Fig, 6G), 2.8-5.0 mm × 1.5-2.8 mm, ellipsoidal-prismatic, dark brown, epappose, three denticulate at apex. Disc florets 162-347 (Fig. 6H), 8.2-11.1 mm long; tubes 2.4-4.7 mm, with scattered trichomes in the distal end, < 0.5 mm long, eglandular, uniseriate, septate, with round apex; limbs tubular-infundibuliform, 4.6-6.6 mm long, lobes triangular < 0.7 mm long, margins thickened, glabrous; stamens 7.2-11.5 mm long, anthers brown, 2.6-4.8 mm long, exceeding the corolla, calcarate, base shortly sagittate, apical appendages ovate-acute; styles 7.5-12.1 mm long, arms short, conical, glabrous, dorsally papillose, nectaries tubular, 5-denticulate, 1.0-1.5 mm long. juvenile-2 size class was found in the two plots analyzed in large patch L4 (Fig. 7B), which is located on a seemingly former humid area that was drained and is now densely colonized by grasses. This unusual patch was excluded in further analyses.

Etymology-Espeletia

The remaining data showed important differences in regards with the density of size classes between large and small patches (Fig. 7A). For instance, size class distribution in large patches exhibits the well-known "inverted J" shape, in which juvenile individuals account for approximately 66% of the population, while the juvenile-1 class alone represents nearly 47%. This trend is completely reversed in small patches, where a "J" shaped size class distribution was found, with adults accounting for 66% of the population and adult-2 being by far the most abundant class (52%). ANOVA analyses show that differences in size class abundances between large and small patches of E. saboyana are highly significant (juvenile-1: p = 1.94e-3, juvenile-2: p = 0.083, adult-1: p = 0.019, adult-2: p = 1.16e-5).

IUCN Red List Category-Critically

Endangered (CR) (criteria B1ab(i-iii, v)+B2ab(i-iii, v).
Espeletia saboyana is restricted to a single population in the Colombian Andes with Extent of Occurrence EOO = 1.83 km 2 and Area of Occupancy AOO = 0.48 km 2 , estimated from 347 presence records with GeoCat. However, the area actually occupied by E. saboyana, calculated directly from the sum of the areas of its inhabited polygons is only 0.165 km 2 . In fact, the only population of this species is severely fragmented into 40-50 patches or demes, the largest of which covering only 34,000 m 2 (Fig. 7B). The majority of these patches are located on humid soils and are surrounded either by areas of relatively natural habitat with drier soils in which E. saboyana is very rare (i.e. demes < 10 adults inds., Fig. 8B), and that are instead dominated by the rosette Espeletia argentea, dense stands of the invasive alien species Ulex europaeus (Fig. 8A,8E), and some grasses, or by areas impacted by agricultural activities in which E. saboyana is completely absent (Fig. 8D). There is continuous deterioration in the quality of the habitat of E. saboyana, since water from humid areas in Páramo de Saboyá is drained for use in agriculture (Fig. 8E). Newly drained areas are either colonized by other species that thrive on drier soils or by pastures for cattle grazing. Furthermore, demographic analyses of size class distributions show that recruitment rates of E. saboyana are significantly lower in small patches, which, if not reversed, can further reduce their size, and eventually make them disappear. incana, respectively (Table 2), with some of the overlaps observed at other traits due to a single extreme value in either species. The PCA results also unquestionably demonstrate that E. saboyana represents a distinct and non-overlapping morphological cluster compared to E. incana and E. murilloi, which provides strong support to the recognition of E. saboyana as a separate species. Furthermore, PCA results show that the average morphological distance between E. saboyana and the other species is several times larger than the average distance among E. saboyana individuals, revealing very important morphological discontinuities between taxa.

Additional Specimens Examined-Espeletia

All these results also hold for PC analyses performed with vegetative or reproductive morphological traits, separately. Thus, this study provides another convincing example of the potential of morphometric analyses to distinguish closely related taxa in Asteraceae (e.g. [START_REF] Owen | A multivariate morphometric analysis of the Symphyotrichum boreale -S. nahanniense -S. welshii complex (Asteraceae: Astereae)[END_REF][START_REF] Cook | A multivariate morphometric analysis of Solidago subsect. Glomeruliflorae (Asteraceae: Astereae)[END_REF][START_REF] Semple | A multivariate morphometric analysis of the Solidago uliginosa complex (Asteraceae: Astereae; S. subsect. Maritimae) in eastern North America[END_REF], and the second one in Espeletia [START_REF] Becerra | Espeletia ocetana (Millerieae, Asteraceae), a New Tall Caulirosula from Colombia[END_REF].

Espeletia saboyana belongs to the group of tall caulirosulas with aphyllous and opposite capitulescences, which is one of the most diverse in Espeletia, particularly in Colombia [START_REF] Cuatrecasas | A Systematic Study of the Subtribe Espeletiinae (Heliantheae, Asteraceae)[END_REF]. However, E. saboyana can be easily distinguished from other morphologically similar species distributed around Páramo de Saboyá (i.e. P. Merchán, P. Rabanal, P. Iguaque), using simple combinations of vegetative and reproductive traits. For instance, it differs from E. incana by having longer laminae (> 31 cm vs. < 31 cm), larger foliar area (> 147 cm 2 vs. < 130 cm 2 ), and fewer ray floret series (< 3.9 vs. > 4.1). It also differs from another somehow similar species, E. murilloi, by the bigger lengths of its ray tubes (> 3.2 mm vs. < 2.9 mm), outmost ray paleae (> 10.8 mm vs. < 10.7 mm), disc corollas (> 8.2 mm vs. < 8.1 mm), disc styles (> 8.5 vs. < 8.3 mm), disc anther appendages (> 2.6 mm vs. < 2.5 mm), and disc paleae (> 8.2 mm vs. < 8.1 mm). The only other tall caulirosula with aphyllous capitulescenses present around Páramo de Saboyá is E. barclayana Cuatrec., a species that can easily be distinguished from E. saboyana by its pseudopetiolate leaves and its sub-corymboid capitulescences with [START_REF] Cuatrecasas | A Systematic Study of the Subtribe Espeletiinae (Heliantheae, Asteraceae)[END_REF][START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). II. Updated list of taxa, nomenclature, and conservation status in the Colombian radiation[END_REF]).

The addition of E. saboyana rises to 140 the number of recognized species in the genus Espeletia, with 86 in the Colombian or southern clade [START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). II. Updated list of taxa, nomenclature, and conservation status in the Colombian radiation[END_REF]) and 54 in the Venezuelan or northern clade [START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). The Venezuelan radiation[END_REF]. According to current records there are 92 Espeletia species distributed within Colombia's political borders.

Conservation-Espeletia saboyana is endemic to the highest elevations in a single, small, and geographically isolated páramo in the Colombian Cordillera Oriental. Its Extent of Occurrence EOO = 1.83 km 2 and Area of Occupancy AOO = 0.48 km 2 are both below the maximum values for the IUCN CR criteria, i.e. B1: EOO < 100 km 2 and B2: AOO < 10 km 2 . Moreover, there is (a) only one population of this species, composed itself by a series of rather isolated patches (Fig. 2), and (b) continuing projected decline in (i) EOO, (ii) AOO, and (iii) quality of habitat; as the wetlands that constitute the main habitat of E. saboyana are being drained by cutting ditches into the ground to collect and transport water for agriculture (Fig. 8E). In fact, we noticed that this species is very rare in drained areas, which are instead inhabited by another Espeletia species with preference for dry soils (i.e. E. argentea), by an aggressive alien species that can form large mono-specific stands in degraded páramos (i.e. Ulex europaeus) (Barrera-Cataño et al. 2019, Figs. 8A, 8E), and by grasses used as feeding grounds for cattle (Fig. 8D). Furthermore, juveniles are very rare or even absent in isolated, small or dried patches of E. saboyana (Fig. 7), probably due to some negative fitness consequences associated with reduced habitat size (e.g. [START_REF] Fahrig | Effects of Habitat Fragmentation on Biodiversity[END_REF] or small deme size (e.g. [START_REF] Aguilar | Plant reproductive susceptibility to habitat fragmentation: review and synthesis through a metaanalysis[END_REF][START_REF] Krushelnycky | Evaluating the interacting influences of pollination, seed predation, invasive species and isolation on reproductive success in a threatened alpine plant[END_REF]). However, the absence of juveniles in large patch L4, an area that was formerly humid and is now dry and entirely colonized by grasses, suggests that E. saboyana can already suffer the negative consequences of reduced habitat quality before the subsequent reduction in patch size. In any case, regardless the causes, current demographic functioning in E. saboyana allows inferring (v) a projected continuous decline in the number of mature individuals of this species in the near future. In summary, the information available makes it possible to affirm undoubtedly that this species should be registered as Critically Endangered CR, according to the IUCN criteria B1ab(i-iii, v)+B2ab(i-iii, v) (IUCN 2019). Espeletia saboyana joins therefore the unfortunate list of critically endangered Espeletia, which in Colombia now includes 17 out of 84 species with proficient data, i.e. excluding seven Data Deficient DD species [START_REF] Becerra | Espeletia ocetana (Millerieae, Asteraceae), a New Tall Caulirosula from Colombia[END_REF]Mavárez 2021, iucnredlist.org).

The discovery of this new species and its categorization as critically endangered illustrate the importance of detailed taxonomic knowledge while evaluating the conservation status of a species, particularly for taxa with restricted distributions. The Colombian regional environmental agency with jurisdiction over Páramo de Saboyá did not include E. saboyana in its list of Espeletia species with priority for conservation since it was considered as a marginal population of the more broadly distributed E. incana [START_REF] Rojas | Plan de Conservación y Manejo de los Frailejones del Territorio CAR[END_REF]. Furthermore, in this particular case the negative consequences of taxonomic misidentification may work as well in the opposite direction, by inflating the distribution area of E. incana. Indeed, some tall caulirosulas with whitish indumentum in Boyacá dept., e.g. E. pescana (S.Díaz) S.Díaz, are frequently misidentified as belonging to E. incana. The real distribution and number of localities of E. incana are probably much smaller than currently assessed in IUCN analyses (Vulnerable category, VU), and this species would very likely need to be reclassified as Endangered (EN) [START_REF] Mavárez | A taxonomic revision of Espeletia (Asteraceae). II. Updated list of taxa, nomenclature, and conservation status in the Colombian radiation[END_REF].

According to the evidence above, threats shed upon E. saboyana do not concern the species itself (e.g. trade, consumption, direct use for human activities), but instead affect its habitat. The survival of this species is therefore highly dependent on the conservation of the extent and quality of the páramo habitat in Páramo de Saboyá. In line with Colombian national regulations that recognize páramos and wetlands as areas of special ecological importance (Presidencia de la República de Colombia 2010, Congreso de la República de Colombia 2018), we recommend the following actions: (i) to study in more detail the population dynamics of E. saboyana, with special attention on the causes of reduced rates of recruitment/juvenile survival in small patches, (ii) to study the potential impact of introgressive hybridization with E. argentea upon E. saboyana's genotypes and phenotypes, (iii) to evaluate the conservation status of wetlands in Páramo de Saboyá, and accordingly formulate and implement measures to rapidly restore the natural extent and quality of theses habitats, (iv) to implement awareness raising activities involving local communities and other relevant stakeholder in pro of the conservation of the species and its habitat, and (iv) to support the implementation of effective monitoring systems aimed at evaluate the outcomes and success of these and other conservation actions [START_REF] Robinson | How to ensure threatened species monitoring leads to threatened species conservation[END_REF]. 3.0/6.0 (1.6)/9.8 (<5e-10) 7.0/10.9 (2.1)/15.0 7.8/12.5 (3.8)/24.0 (n.s.) CTPL 1.3/2.6 (1.1)/5.6 (n.s.) 1.5/3.9 (1.9)/7.6 1.5/6.2 (3.3)/12.6 (n.s.) CHN 3.0/3.1 (0.2)/4.0 (<6e-10) 3.0/4.8 (0.5)/5.0 3.0/4.8 (1.5)/8.5 (n.s.) HRD 2.4/2.8 (0.2)/3.1 (<4e-8) 2.6/3.4 (0.4)/4.2 2.4/2.8 (0.3)/3.4 (<1e-6) HID 1.7/1.9 (0.2)/2.1 (<1e-7) 1.8/2.4 (0.3)/3.1 1.6/2.0 (0.3)/2.4 (<5e-5) HDD 1.5/1.7 (0.1)/1.9 (<3e-9) 1.6/2.2 (0.3)/2.7 1.4/1.8 (0.2)/2.2 (<2e-7) HReD 11.5/14.3 (1.8)/18.6 (n.s.) 10.5/14.2 (2.2)/18.9 8.0/11.3 (1.7)/14.1 (<1e-5) HReH 3.9/5.5 (0.8)/7.2 (n.s.) 4.6/6.4 (1.1)/8.1 3.2/4.2 (0.7)/5.9 (<1e-10) HPN 6/8.8 (2.1)/15 (n.s.) 5/7.9 (2.3)/13 5/7.7 (2.0)/12 (n. 

HRS

4.1/4.9 (0.6)/6.3 (<1e-10) 2.6/3.6 (0.3)/3.9 2.9/4.1 (0.5)/4.8 (<9e-4) HRL 12.4/14.3 (1.2)/16.4 (n.s.) 13.0/15.1 (1.5)/18.4 8.4/10.4 (1.4)/13.8 (<1e-10) HRLL 5.9/7.4 (1.0)/9.6 (n.s.) 5.2/6.5 (0.9)/8.7 3.2/5.1 (1.2)/8.0 (<1e-5) HRLTN 2.0/2.3 (0.3)/2.7 (<3e-5) 2.3/2.8 (0.3)/3.3 2.0/2.6 (0.4)/3.3 (n.s.) HRTL 2.6/4.0 (0.5)/4.5 (<2e-7) 3.6/4.8 (0.8)/6.6 1.8/2.3 (0.3)/2.7 (<1e-10) HRCL 3.0/3.3 (0.2)/4.0 (<1e-7) 3.2/3.9 (0.4)/4.9 2.7/3.1 (0.2)/3.5 (<1e-10) HRSL 4.5/6.4 (0.6)/7.1 (<3e-3) 5.4/7.2 (0.8)/8.5 4.0/4.8 (0.5)/5.9 (<1e-10) HRBL 2.2/2.6 (0.2)/3.0 (<1e-5) 1.9/2.2 (0.2)/2.6 1.2/1.7 (0.2)/1.9 (<1e-10) HRPa1N 6/9.9 (3.0)/15 (<1e-10) 13/17.1 (2.9)/22 10/13.7 (2.9)/20 (<4e-3) HRPa1L 9.3/11.0 (0.9)/12.1 (<2e-8) 11.5/13.0 (0.8)/14.6 7.2/8.5 (0.8)/9.9 (<1e-10) HRPa2L 7.5/9.3 (0.9)/11.3 (<1e-10) 10.3/11.4 (0.8)/13.0 6.9/7.6 (0.6)/8.9 (<1e-10) HDN 157/228.5 (60.1)/331 (n.s.) 162/255.0 (52.2)/347 109/214.9 (52.2)/297 (n.s.) HDL 7.6/8.7 (0.7)/9.9 (<1e-4) 8.5/9.5 (0.7)/10.8 6.5/7.1 (0.4)/7.9 (<1e-10) 

  collected 20 flowering Saboyá Espeletia individuals on August 2019 and September 2020 at 3350 masl in Páramo de Saboyá, also known as Páramo de Telecom (5.714881°N, 73.815718°W), municipality of Saboyá, Boyacá department, Colombia (Fig. 1, filled square). 20 flowering individuals of E. incana were collected on November 2020 and November 2021 at 3650 masl in Páramo de la Rusia (5.929764°N, 73.083890°W), in the western side of the Guantiva-la Rusia páramo complex, Boyacá, Colombia (Fig. 1, filled circle). 20 flowering individuals of E. murilloi were collected as follows (Fig. 1, filled triangles): three on October 2020 at 3486 masl in Páramo La Cortadera (5.551906032°N, 73.10549296°W), five on October 2020 at 3150 masl in Páramo Siscunsí (5.53229497°N, 72.72864603°W), six on June 2021 at 3383 masl in Páramo de Merchán (5.704074958°N, 73.65707399°W), five on July 2021 at 2926 masl near Arcabuco (5.729302°N, 73.387125°W), and one on November 2020 at 3435 masl in Páramo Rabanal (5.438630981°N, 73.54459397°W).

  murilloi, indicating that they are not co-specific. Therefore, the individuals from Saboyá are regarded as a different Espeletia species whose description is provided below. TAXONOMIC TREATMENT Espeletia saboyana M.T. Becerra & Mavárez, sp. nov. TYPE: COLOMBIA. Boyacá dept., Saboyá, Páramo de Saboyá, in the road Saboyá-Jesús María, 3350 masl, 5.714881°N, 73.815718°W, August 19 2019, M.T. Becerra, J. Mavárez & J. Aguirre 53 (holotype: COL, isotypes: COL, FMB, UPTC).

  saboyana specific epithet refers to the Páramo and Municipality of Saboyá, the only locality where the species is known to occur. Distribution and Habitat-Espeletia saboyana is only distributed in the central and highest elevation section of Páramo de Saboyá, Municipio de Saboyá, Departamento de Boyacá, Colombia. It is absent from the northern and southern sections of Páramo de Saboyá, as well as from nearby Páramo de Merchán. This species grows between 3220-3350 masl, on flat areas and gentle slopes within páramo and sub-páramo habitats with humid to very humid soils rich in organic matter, in which it coexists with Espeletia argentea Bonpl., Blechnum loxense (Kunth) Hieron., Chusquea tessellata Munro, Bucquetia glutinosa DC., Ulex europaeus L., Hypericum sp. and Puya sp, and that are surrounded by secondary-growth forests with Pernettya prostrata Sleumer, Linochilus rosmarinifolium Benth., Ageratina sp. and Baccharis sp. Demography-The mean population density of E. saboyana, based on data derived from 26 plots covering 1248 m 2 , is 0.97 (sd. 0.22) individuals/m 2 . The four size classes represent 32.4% (juvenile-1), 14.2% (juvenile-2), 17.3% (adult-1), and 36.2% (adult-2) of the 1221 sampled individuals. No individual of juvenile-1 or

  saboyana-Colombia, BOYACÁ: Saboyá, road Saboyá-Jesús María, 3350 masl, 5.714881°N, 73.815718°W, M.T. Becerra, J. Mavárez & J. Aguirre 54 (Paratype: COL, FMB, UPTC); M.T. Becerra, J. Mavárez & J. Aguirre 55 (Paratype: COL, FMB, UPTC); Páramo de Saboyá, 3000 masl, Stancik 1061 (COL); Páramo Cerro de Telecom, 3250 masl, Camargo 7269 (COL); Páramo de Telecom, Veredas Molino y Tibista, [5.712778°N, 73.816944°W], 3370 masl, Santos-C. 75 (COL). -Espeletia murilloi-Colombia, BOYACÁ: Páramo de Arcabuco, 2800 masl, E. Pérez-Arbeláez & J. Cuatrecasas 8098 (Isotype: COL); Páramo de la Rusia, R. Romero-Castañeda & R. Romero-Mejía 6812 (COL); S. Díaz-Piedrahita 38 (COL); Santuario de Fauna y Flora de Iguaque, J.P. Vargas & J. Hernández JPVN-20 (COL); Duitama, 3300-3500 masl, B.V. Rodríguez-Cabeza BVR-1935 (COL). -Espeletia incana-Colombia, SANTANDER: Páramo de la Rusia, western slope, 3300-3500 masl, J. Cuatrecasas 10430 (Isotype: COL); BOYACÁ: Duitama, Páramo de la Rusia, 3570 masl, A. M. Cleef 7150 (COL); Hoya de la Quebrada de Becerra, 3500-3600 masl, J. Cuatrecasas & R. Jaramillo-Mejía 28728 (COL). DISCUSSION Analyses of uni-and multivariate datasets comprising 43 leaf, capitulescence, and capitulum traits clearly support the recognition of E. saboyana as a morphologically distinct species easily distinguishable from E. incana and E. murilloi. The ANOVA results demonstrate that E. saboyana is significantly different from at least one of the other two species at 39 out of 44 traits analyzed, with the majority of significant comparisons showing extremely low p-values. Nine and four traits showed no range value overlap between E. saboyana and E. murilloi or E.

  disc florets (HDN) (n) 1 Number of capitula (CHN) (n) 3 Disc floret length (HDL) (mm) 1 Capitulum 3 Disc floret limb length (HDLL) (mm) 1 Involucre diameter (HID) (cm) 3 Disc floret tube length (HDTL) (mm) 1 Ray circle diameter (HRD) (cm) 3 Disc floret style length (HDSL) (mm) 1 Disc diameter (HDD) (cm) 3 Disc floret stamen length (HDStL) (mm) 1 Receptacle diameter (HReD) (mm) 3 Disc floret anther appendage length (HDAL) (mm) 1 Receptacle height (HReH) (mm) 3 Disc palea length (HDPaL) (mm)
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 1 FIG. 1. Maps of Colombian Cordillera Oriental showing known localities of Saboyá
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  > 5 relatively large capitula. All other Espeletia species in this region have opposite and thyrsoid capitulescences with foliose unbranched portions, i.e. E. argentea, E. boyacensis Cuatrec., E. cayetana (Cuatrec.) Cuatrec., E. chocontana Cuatrec., E. grandiflora, E. raquirensis Rodr.-Cabeza & S.Díaz, E. tunjana Cuatrec., or alternate and corymboid capitulescences, i.e. E. corymbosa Bonpl., E. garciae Cuatrec., E. glandulosa Cuatrec., E. guacharaca S.Díaz, E. muiska Cuatrec., E. pleiochasia Cuatrec., E. rabanalensis S.Díaz & Rodr.-Cabeza

TABLE 1 .

 1 List of traits analyzed and units in the three Espeletia populations 591 evaluated. Superscripts in plant parts and traits represent replicates per individual 592 and per trait, respectively. 593

	2 Leaf lamina	1 Number of phyllaries (HPN) (n)
	1 Area (LLA) (cm 2 )	3 External phyllaries in row 1 length (HEP1L) (mm)
	1 Length (LLL) (cm)	3 External phyllaries in row 2 length (HEP2L) (mm)
	1 Max. width (LLW) (cm)	1 Number of ray florets (HRN) (n)
	1 Length/width ratio (LLR)	1 Number of ray floret series (HRS) (n)
	1 Length at max. width (LWL) (cm)	3 Ray floret length (HRL) (mm)
	1 Midpoint width (LMW) (cm)	3 Ray floret limb length (HRLL) (mm)
	1 Lamina base width (LBW) (mm)	1 Number of ray floret limb teeth (HRLTN) (n)
	1 Veins at midsection (LVD) (n/dm)	3 Ray floret tube length (HRTL) (mm)
	1 Vein angles at midsection (LVA) (°) 3 Ray floret cypsela length (HRCL) (mm)
	2 Capitulescence	3 Ray floret style length (HRSL) (mm)
	1 Length (CL) (cm)	3 Ray floret style branch length (HRBL) (mm)
	1 Proximal section length (CPL) (cm) 1 Number of ray paleae in 1st row (HRPa1N) (n)
	1 Distal section length (CDL) (cm)	3 Ray palea in 1st row length (HRPa1L) (mm)
	1 Capitulescence/lamina ratio (CLR) 3 Ray palea in 2nd row length (HRPa2L) (mm)
	1 Terminal pedicels length (CTPL)	

TABLE 2 .

 2 Minimum, mean (sd), and maximum values of morphological traits averaged per individual in E. incana, Saboyá Espeletia and E. murilloi. Superscripts indicate P-values from Dunnett's tests against Saboyá Espeletia. Grey background indicates no-overlap between Saboyá Espeletia and the other species. Trait acronyms given in Table 1.

			Min/Mean (sd.)/Max	
		E. incana	Saboyá Espeletia	E. murilloi
	LLA	65.9/90.1 (18.6)/129.8 (<1e-10) 151.9/222.8 (49.2)/382.5 51.0/98.2 (24.2)/149.1 (<1e-10)
	LLL	21.0/26.6 (3.1)/30.5 (<1e-10)	31.3/37.1 (3.1)/44.8	23.3/28.1 (2.9)/33.5 (<1e-10)
	LLW	4.4/6.4 (1.0)/8.1 (<1e-8)	6.2/9.0 (1.3)/12.4	3.6/5.0 (0.9)/6.9 (<1e-10)
	LLR	3.2/4.3 (0.8)/6.8 (n.s.)	3.5/4.2 (0.5)/5.3	4.2/5.8 (1.1)/8.3 (<2e-7)
	LWL	49.0/53.9 (4.6)/64.0 (n.s.)	52.3/57.9 (3.7)/64.5	47.4/54.7 (3.9)/65.0 (n.s.)
	LMW	4.2/6.3 (1.1)/8.1 (<4e-7)	6.0/8.5 (1.3)/12.2	3.4/4.8 (0.9)/6.5 (<1e-10)
	LBW	1.1/1.4 (0.3)/2.0 (<1e-4)	1.3/1.8 (0.3)/2.5	0.6/1.0 (0.2)/1.4 (<1e-10)
	LVD	11.0/15.0 (2.3)/19 (<9e-8)	8.0/11.2 (1.6)/14	10.3/14.5 (1.9)/17 (<1e-6)
	LVA	42.0/54.4 (5.3)/63.0 (<1e-9)	59.0/66.6 (4.0)/75.5	54.7/63.9 (6.0)/73.8 (n.s.)
	CL	22.0/28.3 (4.3)/40.2 (<1e-10)	30.0/43.1 (6.0)/52.7	41.5/54.5 (9.7)/77.3 (<3e-5)
	CLR	0.8/1.1 (0.2)/1.4 (n.s.)	0.8/1.2 (0.1)/1.5	1.4/1.9 (0.3)/2.6 (<1e-10)
	CPL	14.5/22.3 (5.1)/36.0 (<8e-7)	23.0/32.2 (5.6)/43.8	26.3/42.0 (9.5)/67.3 (<5e-4)
	CDL			
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