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Conservation genetics of two rare alpine roses in the White Mountains of New Hampshire 
 

Hannah Vollmer 
 

Introduction/Background 
The flora of eastern North America changed dramatically from sparse tundra to verdant 

forest in the 13000 years following the last glacial maximum (Spear, 1989). Plant species 
migrated to newly exposed niches as the periglacial conditions receded, but low temperatures 
and high winds prevent tree species from growing in the highest elevations. Though forests 
dominate the White Mountains region of New Hampshire today, regional weather patterns 
coupled with orogenic geography maintain an alpine flora similar to the eastern Canadian arctic. 
Despite containing the largest (2700 ha) and highest (1917 m) alpine zone in the eastern United 
States, alpine zones in the White Mountains are relatively small, the natural communities found 
there are rare, and many of the plants are imperiled. Within these alpine zones, two members of 
the Rose family, Sibbaldia procumbens L. and Potentilla robbinsiana Oakes ex Rydb. differ in 
the specifics of their rarity, but each has been listed as a conservation concern. The use of genetic 
techniques to estimate phylogenies and assess population genetic diversity have not been 
employed in the past but are needed to better understand ecological process and inform 
conservation strategies for these alpine plant species. 

Sibbaldia procumbens has a circumboreal distribution, but disjunct eastern North 
American populations occur in the Gaspesie mountains of Quebec and, until recently, in 
Tuckerman Ravine of the Presidential Range, NH. Sperduto et al. (2018) document the decline 
of this remote White Mountains population; the last living individual was observed in 2009. 
Since then, intensive searches for S. procumbens in the ravine have not yet been fruitful. 
Sperduto et al. conclude that possible causes of extirpation may be anthropogenic factors like 
overcollection in the 19th century, heavy recreation in the area, and shifting plant community 
structure linked to climate change. I will be making an initial genetic assessment of the prospects 
for S. procumbens restoration in the Presidential’s alpine zone by identifying genetic 
relationships among extant and extirpated populations which will help in the decision of whether 
to use NH or Canada-sourced seed.  

Contrasted with the previous globally widespread species, Potentilla robbinsiana is a 
narrow endemic confined to two areas 30 km apart in the White Mountains: Franconia Ridge and 
Monroe Col on the Presidential Range. To alleviate the negative impacts of overcollection and 
recreation, a multi-agency effort augmented the existing, nearly extirpated Monroe population 
and established new populations on Franconia Ridge. Potentially of hybrid origin, P. robbinsiana 
is reported from among a small sample of plants in Monroe Col as an odd number polyploid, 
2n=49 (Löve and Löve, 1966) and putative apomict— presumed to be genetically uniform, but 
not verified.  Potentilla is a complex genus (see eFloras, 2019 and references cited within) 
characterized by rampant hybridization and variation in ploidy; studies have even shown 2N=49 
and 2N=42 species successfully crossing (Smith, 1971). The morphological sister to P. 
robbinsiana, P. hyparctica Malte, is reported as both 2N=42 and 2N=49 (Dansereau, 1956) and 
may be the progenitor of P. robbinsiana. Aberrant ploidy levels, sexual reproduction, and 
genetic diversity are possible in P. robbinsiana, but this has not been investigated yet.  
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Hypotheses and Objectives 
Sibbaldia procumbens:   
The extirpated White Mountains population, now represented by herbarium specimens only, had 
low genetic diversity and is genetically distinct from the nearest population extant in the 
Gaspesie region of Quebec, however, crosses between NH and Quebec stock should be 
considered to increase genetic diversity for reintroductions. 
 

1) Quantify genetic diversity of historic herbarium samples from the White Mountains 
2) Quantify genetic diversity of herbarium and field-collected samples from the Gaspesie 
3) Estimate phylogenetic networks of northeast populations and add northeast samples to 

existing global phylogenies 
4) Provide recommendations for reintroduction seed source 

 
Potentilla robbinsiana:   
This species is facultatively apomictic with low but measurable genetic diversity and variation in 
ploidy level.  The closest phylogenetic relative is P. hyparctica from which P. robbinsiana is a 
variant.  Nevertheless, because of its extreme geographic isolation, P. robbinsiana should be 
considered taxonomically distinct. 
 

1) Characterize phylogenetic progenitor/parent relationships among P. robbinsiana and 
closely related species (P. hyparctica and others) 

2) Quantify genetic diversity of natural, outplanted, and historical populations 
3) Search for variation in ploidy within and among present-day populations of P. 

robbinsiana and P. hyparctica 
4) Provide recommendations for conservation and taxonomic status 

 
Methods 

I will sample S. procumbens and P. hyparctica from the Gaspesie region, Canada, and P. 
robbinsiana from both populations in the White Mountains. I am collaborating with Dan 
Sperduto, Forest Botanist, White Mountain National Forest (WMNF), to determine which P. 
robbinsiana individuals to sample based on prior mapping of natural and outplanted populations. 
Small amounts of leaf tissue per individual, less than dime-sized, will be sampled for genetic and 
phylogenetic analysis in addition to flow cytometry for ploidy estimation. I am requesting 
permission to subsample specimens from herbaria throughout New England to increase the 
sample size, address genetics of NH S. procumbens, and speak to genetic diversity predating 
recent extirpation of S. procumbens and bottlenecks of P. robbinsiana.  

At Plymouth State University, I will isolate DNA and prepare libraries for sequencing at 
University of New Hampshire (UNH) using next generation ‘genome skimming,’ a method that 
is successful with both freshly collected and ‘ancient’ herbarium tissue and is used to quantify 
genetic diversity and estimate phylogenies (Straub et al., 2012). Geneious bioinformatics 
software will be used for analysis of results. Additional fresh samples of P. robbinsiana and P. 
hyparctica are needed for estimation of ploidy levels which will be determined from nuclei 
isolates (Sikorskaite et al., 2013) using flow cytometry at UNH. Funding from the International 
Society for Plant Taxomomy will be used for molecular work: sequencing and ploidy analysis. 
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Intellectual Merit 
The proposed research is relevant to understanding (a) how alpine plants of the White 

Mountains came to inhabit their southernmost populations, (b) evolutionarily what will become 
of them given their standing genetic diversity, and (c) the feasibility of in situ conservation 
measures. Although it is widely accepted that genetically diverse species reintroductions are 
more successful, disjunct populations require care to conserve their distinctiveness and 
evolutionary match with their environment (Maschinski and Albrecht, 2017).  Remarkably, 
genetic diversity and phylogeography of these unique alpine species in the White 
Mountains have not yet been studied. For responsible restoration and management of these 
iconic and beloved White Mountains flowers, genetics must be considered.    

 
Broader Impacts 

I plan to share the results of my master’s research through collaborations, outreach, and 
publications. My project will include mentoring undergraduate biology students in botanical 
fieldwork, herbarium sampling, and molecular lab work. I am partnering with the WMNF to 
address their need for science-based protocols in species reintroductions and long-term 
management of naturally occurring populations of rare species. This federal/academic 
partnership has potential to continue beyond my research with the use of the PSU greenhouse for 
propagation experiments in the restoration of S. procumbens. To build conservation plans, I am 
sharing my research with Doug Weirhauch of the Appalachian Mountain Club (AMC) Research 
Department which collaborated in the effort of growing, stabilizing, and protecting P. 
robbinsiana leading up to its removal from the federal Endangered Species List. I am cross-
pollinating collaborative relationships with diverse experts: Dr. Barbara Ertter (Research 
Associate at UC Berkeley) and Alexa DiNicola (PhD student at University of Wisconsin), 
experts on global Potentilla, Charlie Cogbill, historical ecologist with a deep knowledge of the 
human and natural history of alpine zones, and Scott Bailey (Hubbard Brook Experimental 
Forest), botanical hydropedologist. I will share my findings at the Northeast Alpine Stewardship 
Gathering in 2021, at professional meetings including the 2021 Botanical Society of America 
conference, and I plan to publish my findings in relevant, peer-reviewed journals. I will annotate 
the herbarium specimens sampled for this research at CONN, GH, NEBC, NY, YU, and other 
herbaria. Finally, I will submit DNA sequence data to the publicly accessible GenBank (National 
Center for Biotechnology Information). 
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