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ABSTRACT

This project will investigate floral evolution in the genus Polemonium.  Species of Polemonium vary widely in flower shape & size, flower number, and the arrangement of flowers in their inflorescences.  The genus Polemonium is typically pollinated by bees and flies.  However, a shift in pollinator appears to have occurred in P. brandegei, which has been observed in ROMO to be visited by the hawkmoth Hyles lineata.  Pollinator observations and collections will be made to help explore this apparent change in pollination system. The second component of this study will involve collecting tissue samples from two closely related species (Polemonium viscosum and Polemonium brandegei), and analyzing genetic markers to estimate gene flow among them, and the large putative hybrid populations found in ROMO.  
OVERVIEW

Flowering plants produce an enormous diversity of flowers. Diversity in flower shape and color reflects adaptation to different types of pollinators, such as bees, birds or butterflies.  In addition, biologists now recognize that different pollinators may also affect floral display, the size, number and arrangement of flowers on plants.  In recent years, advances in genetic techniques have made it possible to explicitly investigate the ecology and genetics of changes in floral traits.  The occasional occurrence of closely related species that differ in their pollinators, and are interfertile greatly facilitates such research.  We are investigating the evolution of floral display and flower shape in response to pollinator shifts in the genus Polemonium (Polemoniaceae).  The studies described below are contributions to ongoing research on the genus.  
1) Evolution of hawkmoth pollination in Polemonium brandegei

Polemonium brandegei and Polemonium viscosum are considered to be each others closest relative in the Polemoniaceae.   P. viscosum follows the trend of the rest of the Polemonium genus as being pollinated by bees and flies.  In contrast, observations by A. Worley in ROMO suggest that P. brandegei is pollinated by the hawkmoth Hyles lineata. The pollinator observations were supported by differences in floral morphology.   P. brandegei has creamy-white flowers that are thinner and longer than that of the bright blue flowers of P. viscosum.

This study will determine the importance of hawkmoths (i.e. Hyles lineata) to P. brandegei through pollinator observations over the range of this species.    
2)  Hybridization and gene flow in P. viscosum and P. brandegei

Although P. viscosum and P. brandegei are typically isolated by elevation, large populations of putative hybrids have been found along the Ute trail (Trail Ridge road).  Collecting tissue for genetic analysis will allow the confirmation of hybrid status in these populations, as well as determining if gene flow between the two species is confined to within the hybrid populations, or is more wide spread.  A few leaves will be collected from hybrid populations also within the park, apparently pure populations of both P. viscosum and P. brandegei from within the park.  In addition to the genetic data, floral traits will be measured to determine if gene flow between the two species is constraining floral divergence.


Sampling in ROMO will allow access to otherwise inaccessible high alpine tundra populations.  In addition, ROMO contains the only known hybrid populations.  
HYPOTHESES AND QUESTIONS TO BE EXAMINED
1) How important are hawkmoths to the pollination of Polemonium brandegei?

2) How have the floral displays diverged among P. viscosum and P. brandegei? 

3) Is gene flow and/or introgression occurring between P. viscosum and P. brandegei, if so, to what extent?

METHODS
Study Areas


  The populations located by Dr. Anne Worley (ROMO-2001-SCI-0020) will be utilized for both studies.  These locations include: Twin Sisters and Ute Trail off Trail Ridge road.  Since these populations generally occur in close proximity to the trail/road, and all participants will be on foot, there will be a minimal impact during the sampling procedures. 

Procedures, Collections and Analysis


Insect collections will be made to verify the pollinator of P. brandegei.  Insects visiting the flowers will be collected with an insect net, or mesh funnel trap placed above flowering plants, and retained for identification purposes.  In addition, pollinator exclusion bags will be used to determine when the plants are being pollinated.  Approximately 10 plants with freshly opened (unvisited) flowers will be covered each day and each night.  

To compare floral morphology between P. brandegei and P. viscosum, various flower (i.e. size, diameter, length of tube, and position and phenology of sex organs) and inflorescence phenotype measurements (i.e. flowers per plant, and timing of opening) will be made. Also, 2-3 specimens from each population of P. viscosum, P. brandegei, as well as the hybrids will be collected, pressed, and dried as voucher specimens.

Tissue collections for genetic analysis will be taken from both P. viscosum and P. brandegei populations.  To estimate gene flow, a few milligrams of leaf tissue will be nondestructively collected from populations of each species, as well as hybrids.  The genetic markers to be used (AFLP’s- Amplified Fragment Length Polymorphisms) require tissue sampled from 2-3 individuals from 2-4 populations of each species, and 15-20 individuals will be sampled in the hybrid populations.  Herbarium specimens cannot be used as the leaf tissue must be fresh, or well preserved.

SCHEDULE
Spring/Summer 2004

· collection of tissue samples from P. viscosum and P. brandegei
· pollinator observations for P. brandegei
· identification of P. brandegei pollinator

Fall/Winter 2004-2005

· identification of AFLP markers, and genetic analysis
· conformation of P. brandegei pollinator identification
PRODUCTS
Publication and Reports

A publication for each of project 1 and 2 is intended to be made, aside from the NPS annual report.  

Collections


The voucher specimens will be donated to the University of Manitoba herbarium (WIN), and retained for future research purposes.  The collected pollinators will be donated to the J. B. Wallis Museum of Entomology, at the University of Manitoba.  

Data and other Materials


Photographs and other raw data (i.e. floral characteristics measurements) shall be retained by the researchers, at the University of Manitoba for future research.
BUDGET
This project will be funded through a Canada’s Natural Science and Engineering Research Council (NSERC) Discovery grant to Dr. A. Worley, as well as a University of Manitoba Start-up grant to Dr. A. Worley and will be allocated as follows:

Food:



$840.00

Salary


$2,100.00

Camping


$300.00

Motel



$480.00

Mileage (0.33/km)

$660.00




$2,280.00

Total: $4, 380.00
