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INTRODUCTION

METHODS

Packera mancosana is a rare species represented by roughly 400 individuals 

growing in Mancos Shale barrens of the southern portion of Lone Mesa State Park 

in southwestern Colorado and was described as a unique species in 2011(Yeatts et 

al., 2011).  Since its description there has been variable acceptance and recognition 

of its species status.  The two flora treatments for the state, “Colorado Flora-

Western Slope 4th edition” (Weber and Wittmann, 2012) and “Flora of Colorado” 

(Ackerfield, 2015) both disagree on the species status of this taxon with Colorado 

Flora recognizing it and Flora of Colorado including it within the taxon P. 

werneriifolia following the currently broad interpretation of this taxon (Trock, 2003).  

Proper recognition is important for site conservation as the area of the park in which 

the species occurs also supports four other globally rare plants (Gutierrezia

elegans, Physaria pulvinata, Puccinellia parishii, Trifolium kingii) and may represent 

a unique habitat driving edaphic speciation in various plant groups. 

To evaluate the question of species recognition we collected data on various 

aspects of P. mancosana including phenological differences from P. werneriifolia, 

morphological similarities to other Packera of the Four Corners region, and genetic 

similarity to regional Packera in a phylogenetic context. 

• Ackerfield, J. 2015. Flora of Colorado. Botanical Research Institute of Texas, 

Fort Worth, TX: 818 pp.

• Bain, J.F. and Jansen, R.K. 1996. Numerous chloroplast DNA polymorphisms 

are shared among different populations and species in the aureoid Senecio

(Packera) complex. Canadian Journal of Botany 74: 1719-1728.

• Bouford, D. E., Kartesz, J. T., Shi, S. and Zhou, R. 2014. Packera serpenticola

(Asteraceae; Senecioneae), a New Species from North Carolina, U. S. A. 

Systematic Botany 39: 1027-1030.

• Johnson, E. and Ayers, T. 2015. Hybridization of the San Francisco Peaks’ rare 

endemic Packera franciscana with a lower-elevation congener: evidence from 

morphometric and molecular data. The Southwestern Naturalist 60: 56-60.

• Kowal, R. R., Judziewicz, E. J., and Edwards, J. 2011. Packera insulae-regalis

(Asteraceae, Senecioneae), a new species endemic to Isle Royale, Michigan, 

U.S.A. Brittonia 63: 343-354. 

• Silva, S. and Ayers, T. 2016. Plant endemism on Mancos Shale barrens. 

Natural Areas Journal 36: 166-173. 

• Trock, D. 2003. The genus Packera (Asteraceae: Senecioneae) in Colorado, 

U.S.A. SIDA, Contributions to Botany 20:1023-1041.

• Trock, D. K. and O’Kennon, R. J. 2003. A new species of Packera (Asteraceae: 

Senecioneae) from the Edwards Plateau of Texas. SIDA, Contributions to 

Botany 20: 945-951. 

• Weber W. and Wittman, R. 2012. Colorado Flora: Western Slope, 4th ed. 

University Press of Colorado, Boulder, CO: 608 pp.

• Yeattes, L., Schneider, B., and Schneider, A. 2011. Packera mancosana

(Asteraceae: Senecioneae), a new species and shale barren endemic of 

southwestern Colorado. Phytoneuron 26: 1–8.

Our work shows that P. mancosana is a phenologically and morphologically 

distinctive taxon of Packera in the local region of Southwest Colorado. It is not, 

however, genetically distinct and likely part of a hybrid swarm of differing 

morphological forms. Hybrids and hybrid swarms are common within the genus 

Packera (Bain and Jansen, 1996; Kowal et al., 2011) and in the Four Corners 

region, the endemic P. franciscana has been described as a hybrid derivative of P. 

werneriifolia (Johnson and Ayers, 2015). We support the hypothesis that P. 

mancosana is a unique hybrid-derived narrow-endemic taxon adapted to the 

unique conditions of its Mancos Shale environment. 

Mancos Shale is recognized as one of the most important rock stratas in the Four 

Corners region for maintaining and driving speciation of unique plant species 

(Silva and Ayers, 2016). The adaptation to this unique edaphic condition parallels 

the origin of other Packera species adapted to specialized soils including P. 

serpenticola (Boufford et al., 2014) and P. texensis (Trock and O’Kennon, 2003).  

The restriction of this unique plant form to this environment which is highly distinct 

from that in which P. werneriifolia occurs is sufficient evidence for continued 

recognition.  

In addition to providing insight to the origin and distinctiveness of P. mancosana, 

our work has also shed light on the complex systematic segregation of Packera

species of the Southern Rockies and Colorado Plateau. Little phylogenetic support 

for generally recognized taxa was seen and species occurring within this apparent 

hybrid swarm are likely defined by ecology and proximity to other members of 

Packera. The possibility of wide hybridization in Packera across the region has 

been suspected (Trock, personal communication), however no molecular evidence 

of the extent of this gene exchange and difficulty of delimiting taxa has been 

available.  Further work is needed to better understand the patterns of 

hybridization and ecological segregation of recognized taxa. 

 Phenology

• Digitized herbarium records for P. mancosana and P. werneriifolia from SW 

Colorado were accessed via SEINet and scored for flowering time. 

Significant differences were assessed using a Mann-Whitney U Test for 

differences in median.

 Morphology

• 3-5 mature individuals were sampled from 11 populations of regional 

Packera. (1 x P. mancosana; P. franciscana; P. dimorphophylla; P. 

neomexicana; 7 x P. werneriifolia). 38 vegetative and floral variables were 

measured on each individual.

• Canonical Discriminant Analysis on continuous characters was performed 

using a  stepwise variable selection procedure performed in SPSS. 

• Principal Coordinates Analysis (PCoA) was performed based on a 

combination of continuous and discrete data using the Gower General 

Similarity Coefficient in MVSP (Multivariate Statistical Package).

 Molecular Phylogenetics

• DNA of individual plants from 17 regional populations of P. mancosana, P. 

werneriifolia, P. neomexicana, P. dimorphophylla, P. franciscana, P. crocata, 

and Senecio atratus was extracted using the Qiagen Dneasy Plant Mini Kit. 

• PCR amplification of two nuclear regions (ITS and the Granule-bound starch 

synthase gene (WAXY)) and five chloroplast regions (rpl32-trnL; rps15-ycf1; 

trnV-ndhC; petL-psbE; psbJ-petA) was performed using the KAPA 3G Plant 

PCR kit (Kapa Biosystems) with the addition of 5% DMSO or 5X Q-solution 

(Qiagen). Cycling conditions varied based on target region and utilized a 

step-down procedure. 

• Resultant PCR products were checked in 1% agarose staining with Gel-Red 

(Biotium) and successful amplicons were cleaned using either ExoSAP-IT 

(Affymetrix) or a QIAquick PCR Purification column (Qiagen). 

• Sequencing was performed by Eurofins Genomics (Louisville, KY) with 

resultant sequences edited with Geneious 6.1.8.

• Alignments were completed with Muscle 3.8.31 and phylogenetic trees 

constructed using the Neighbor Joining procedure of NINJA ver. 1.0 in 

Mesquite 3.4. 
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Figure 1. Flowering phenology of P. mancosana and P. werneriifolia in SW Colorado.  

Average flowering time was shown to be significantly different between the two groups 

(Mann-Whitney U: P < 0.005).   Packera mancosana has a blooming time ranging from late 

April to mid-June while P. werneriifolia can bloom as early as late June with most plants 

blooming in July into August. 

Figure 2. Results of the Canonical Discriminant Analysis (CDA) of morphological variation in 

Four Corners Packera. The stepwise variable selection identified seven significant variables: 

(elevation, length of leaf from midpoint to 150⁰ and midpoint to 180⁰ (mm), height of 

inflorescence (mm), length of phyllaries (mm), length of ray corolla (mm), and the number of 

scapes per plant). Packera mancosana was separated from all other taxa including two 

differentiated groups of P. werneriifolia (P. werneriifolia_SF = San Francisco Peaks, AZ and P. 

werneriifolia = various mountain locations of Southwestern Colorado). 

Figure 3. Results of Principal Coordinates Analysis (PCoA) on 38 continuous and discrete 

morphological characters of Four Corners Packera. Packera mancosana was shown to be 

distinct from geographically near populations of P. werneriifolia but expressed similar 

morphology to P. werneriifolia from the San Francisco Peaks and variable individuals of P. 

neomexicana. 

Figure 4. Results of molecular phylogenetic analysis of Four Corners Packera using the 

Neighbor Joining algorithm. A. Combined nuclear genes (WAXY, ITS) (1054 characters). B. 

Combined chloroplast genes (rpl32-trnL, rps15-ycf1, trnv-ndhC, petL-psbE, psbJ-petA) (3166 

characters).

Nuclear data suggests a close relationship of P. mancosana to other geographically near 

populations of P. wernerrifolia.  These populations of P. wernerrifolia all occurred in alpine 

zones of the western San Juan Mountains. Nuclear data did not provide evidence for 

monophyly of any taxon of Packera except for P. dimorphophylla.  All other species with 

multiple accessions did not cluster according to geography nor morphology. 

Chloroplast data suggests a close relationship of P. mancosana to P. crocata occurring within 

Lone Mesa State Park.  This taxon was collected approximately 2 km north of the population 

of P. mancosana in the park. The remaining taxa in this clade included geographically distant 

individuals of P. werneriifolia and P. neomexicana.  The chloroplast data provided support for 

a close relationship between the sympatric P. franciscana and P. werneriifolia in the San 

Francisco Peaks.  As shown in the nuclear data, no support is given for monophyly of any 

morphological taxa, including P. dimorphophylla. 
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