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Floral Evolution in Polemonium

Abstract

Floral characteristics determine mating opportunities in animal-pollinated plants because pollinators transport male gametes (pollen) between flowers and plants.  Floral displays are the size, number, and arrangement of flowers on plants, and they vary enormously among species.  The evolution of floral display has not been widely studied, but it is thought to be constrained by finite resources such as water or nutrients.  For a given resource level, increased investment in flower size must result in decreased flower number.  The optimal evolutionary compromise between flower size and number depends on how each trait affects pollen dispersal and plant mating.  I will test these expectations with two studies of the genus Polemonium, a group of herbaceous perennials with wide variation in flower size and number.  First, I will reconstruct relationships among species, and examine evolutionary changes in flower size and number, to test the prediction that increased flower size is accompanied by decreased flower number.  This project will involve collecting tissue samples from each species, and analyzing genetic markers.  I hope to make collections from three taxa that grow in Rocky Mountain NP.  Second, I will test predictions regarding the influence of pollination biology on the evolution of flower size and number.  This study will require comparisons of pollinators and floral biology for two pairs of species that differ in flower size and number.  I will conduct these studies in Mount Ranier National Park and southern Oregon.  My research will assess some untested hypotheses about the evolution of floral display, document population size and reproductive biology of native species, and provide a basis for my future studies on the evolution of floral display.
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background


Adaptation to changing environments reflects the selective forces driving evolutionary change, as well as the genetic basis of variation among individuals.  Animal-pollinated plants exhibit enormous diversity in the size, shape, color, and arrangement of their flowers.  This variation suggests a history of strong and diverse selection.  Indeed, Charles Darwin (1877) used associations between the shape of flowers and their pollinators to develop his ideas on natural selection. More recently, biologists have begun to appreciate how much plant mating is influenced by floral display, the number, size and arrangement of flowers on a plant (review in Harder & Barrett 1996).

Floral displays contribute to fitness through their influence on pollinator behavior.  Many open flowers attract more pollinators than do few flowers.  However, increased flower number has two potential costs.  First, additional flowers may reduce the energy available per flower, making individual flowers less attractive to pollinators.  Second, movement of pollinators between flowers on the same plant may cause self-fertilization and reduce pollen export to other plants.  These costs are supported by some experimental evidence (de Jong et al. 1993; Harder & Barrett 1995; Worley & Barrett 2000), and are important in theoretical models (e.g., Morgan 1993; Fishbein & Venable 1996, Sakai 2000).  However, no study has thoroughly investigated the consequences for plant fitness of changes in flower size versus number.  For my post-doctoral fellowship, I am investigating the evolution of floral display in the genus Polemonium.  The two studies described below will lead to two articles in peer-reviewed journals.  They will also provide a basis for long-term research on Polemonium, and compare the reproductive biology of two narrowly distributed species with that of their more widespread relatives.  

1) Evolutionary changes in flower size and number

I will assess how flower size and number have changed among species by resolving evolutionary (phylogenetic) relationships among species. The resulting phylogeny will satisfy a general need because there is currently no treatment of the genus using modern phylogenetic methods, and taxonomy has long been in a state of confusion (compare Wherry 1942, Davidson 1950, Grant 1989).  This confusion may partly arise from the fact that many forms occur that are intermediate to recognized taxa.  The study will require a few milligrams of tissue sampled from multiple populations of each species.  Ultimately, sampling will cover the range of the genus in western North America.  Sampling populations within the National Parks will add to existing species inventories, document genetic differentiation among populations, and allow me access to some high alpine species that are otherwise inaccessible.  Sampling putative hybrid populations that occur in Rocky Mountain NP will yield additional information on the occurrence of hybridization in this group.

2) Comparison of species with contrasting floral displays


Empirical and theoretical work on the consequences of increased flower number indicate that multiple open flowers should confer greatest fitness when: (1) pollinators favor increased flower number over increased flower size; (2) plants have mechanisms to reduce self-pollination between flowers, e.g., temporal separation of genders within flowers, self-incompatibility; or (3) inbreeding depression is low so that selfed seeds are not at a serious disadvantage (Harder & Barrett 1996).  The traits referred to in prediction (2) and (3) generally vary among species so that testing them requires comparison of species with contrasting flower size and number.  To this end, I will compare two pairs of species with differences in flower size and number.   As I do not propose to conduct this work in Rocky Moutain National Park, I will not refer to it further in this application.

Hypotheses and Questions to be Examined

1) What are the evolutionary relationships among Polemonium species?

2) Variation in genetic markers should be consistent with hypothesized hybridization between two species, P. brandegei and P. viscosum?

3) Divergence in flower size among species should be accompanied by divergence of flower number in a direction consistent with a trade-off (i.e., decreased flower size accompanied by increased flower number).

METHODS

The genus Polemonium

Almost all of the 25-30 species of Polemonium are North American or Mexican, with most species occurring at high elevations in the western United States (Davidson 1950).  Most species are herbaceous perennials with blue, bowl-shaped flowers. The genus provides several advantages for the study of floral display.  First, there is wide variation in flower size and number among and within species (e.g., corolla length ranges from 7-35 mm among species).  Second, many species are easily grown in the greenhouse and can be grown from seed to flower within 6 months.  Third, naturally occurring hybrids and a small base chromosome number (N=9) will facilitate future investigations of the genetic basis of variation in floral display.

Description of the study area

 
With the help of colleagues I will make tissue collections for the phylogeny from each species in the genus.  Three species, P. brandegei, P. viscosum, and P. delicatum, are common in Rocky Mountain NP.  I would like to make tissue collections from two populations of each of these species for the phylogeny.  Information from the University of Colorado Herbarium indicates that populations occur along regular hiking trails in the Twin Sisters, Longs Peaks and along Trail Ridge Road.  The putative hybrids between P. brandegei and P. viscosum are in large boulder piles along Ute Trail, not far from Trail Ridge Road.

Procedures, Collections and Analysis

I will use recently developed genetic markers, AFLP’s (Amplified Fragment Length Polymorphisms) and the computer software PAUP (Swofford 1998) to estimate the phylogeny.  AFLP’s resolve a large number of variable markers throughout the genome (Mueller & Wolfenbarger 1999). Dr. Robert Patterson (San Francisco State University) and his student, Ruth Timme, are sequencing the ribosomal ITS region of the nuclear genome.  The higher variability of AFLP’s will ensure resolution of relationships among recently diverged species that are not often resolved by DNA sequences (Miyashita et al. 1999; Mueller & Wolfenbarger 1999), and will complement Timme and Patterson’s work.  Relationships among species will be combined with the floral characteristics of each species to reconstruct floral evolution within the genus.

The genetic markers that I am using for phylogenetic reconstruction require a few milligrams of fresh, or well preserved, leaf tissue sampled from 2-3 individuals in 2-4 populations of each species. Therefore, it will not often be possible to rely on herbarium specimens and this study will require fresh collections. I will also require two voucher specimens from each collection site.  I will require material from 15-20 individuals in the hybrid populations.

Schedule

Summer 2001

· field collection of tissue samples for the phylogeny (July)

Winter 2001 / 2002

· lab work to identify AFLP markers, phylogenetic analysis, initial interpretation and write up.

Summer 2002

· additional field collection if required

Fall 2002

· final analysis, preparation for publication

Budget

I have personal support, as well as approximately $ 2,500.00 for AFLP marker development, and equipment, from Canada’s Natural Science and Engineering Research Council, the Department of Botany at University of Washington, and my advisor, Dr. D.W. Schemske.  I have requested additional support ($2,500) to cover travel and camping from Mazamas and Washington Native Plant Society.  I will catalogue the voucher specimens that I collect, so there will be no extra cost for cataloguing.

Products

Publications and reports

The above study will provide material for one to two peer-reviewed journal articles.  It will also contribute to my research career by providing the information about floral evolution within Polemonium needed to frame future studies.  My studies will also provide information on basic biology that will be useful to conservation organizations.  I have applied to two such organizations, Washington Native Plant Society and Mazamas, for financial support.  If this money is granted I will also submit reports summarizing the results to these societies.

Collections


I would like to give collected specimens to the University of Washington Herbarium, where they will be easily accessible to other researchers.  As I am aware that specimens collected in the park are also of value to the NPS, I propose collecting duplicate voucher specimens for each study population so that they can be deposited both at the university and NPS herbaria.

Data and other materials


Other products generated by the project will include photographs and data slides for research presentations, rough range maps, and raw data.  I plan to keep these products, but will be happy to make them available to the NPS if necessary.
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Qualifications


As is indicated in the attached CV, I recently completed my M.Sc. and Ph.D. in plant reproductive ecology.   I have conducted similar field research to that described in this proposal during my undergraduate and graduate research projects.  In addition, I am currently working under the supervision of Dr. D.W. Schemske, University of Washington, who has over 20 years experience doing field research on related topics.  I have not previously conducted research in NPS areas.

Supporting Documentation and Special Concerns

Safety.  This research will not involve known hazardous activities.

Access to study sites.  I will reach my study sites by foot on day trips, and hope to camp close to the sites at the Longs Peak Campground.

Use of mechanized and other equipment – none required.

Chemical use – N/A

Ground disturbance – N/A

Animal welfare – N/A

NPS assistance – none required

Wilderness “mininum requirement” protocols – N/A
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Birth date:

September 12, 1967 in Te Puke, New Zealand

Citizenship:

Dual Canadian-New Zealand

S.S.N.


536-45-2337

Career Goals:  I plan to pursue a university research and teaching career in the biological sciences.  My main interests are in ecology, evolution and conservation biology.

Education

	Degree
	Specialty
	Institution
	Dates

	(post-doctoral fellow)
	Evolutionary Ecology
	Department of Botany, University of Washington, USA
	July/00-present

	Ph.D.
	Evolutionary Ecology
	Department of Botany, University of Toronto, Canada
	Sept./94-Jan./00

	M.Sc.
	Plant Ecology
	Department of Biological Sciences, University of Calgary, Canada
	Sept/91-Aug./94

	B.Sc.
	Biology (Co-op), Environmental Studies
	Department of Biology, University of Victoria, Canada
	Sept./86-Dec./90


Relevant Employment

	Title & job description
	Employer
	Dates

	Sessional Lecturer – Biol 415, “Evolutionary processes in plants”
	Department of Botany, University of British Columbia
	Feb./00-May/00

	Teaching Assistant – general biology, ecology, botany
	Botany, University of Toronto Biology, University of Calgary
	Sept./94-April/98 Sept./91-Dec./93

	Research Technician – botanical systematics
	Department of Biology, University of Victoria
	June/91-July/91

	Research Technician – biological control (Co-op position)
	Ministry of Environment, Water Management, Vernon, Canada
	May/90-Aug./90

	Research Technician –salmon ecology & genetics (Co-op)
	Department of Fisheries & Oceans, Nanaimo,Canada
	May/89-Aug./89, Jan./88-April/88


AWARDS & SCHOLARSHIPS

	Name of Award
	Held at
	Dates held
	Value (CDN)

	NSERC Postdoc. Scholarship
	University of Washington
	2000 - 2002
	$20,000 US/yr.

	U. of Toronto Fellowship
	University of Toronto
	1998 - 1999
	$  4,020

	Ontario Graduate Scholarship
	University of Toronto
	1994 - 1998
	$11,900 /yr.

	Alberta GraduateScholarship
	University of Calgary
	1992 - 1994
	$  9,300 /yr.

	U. Vic. President's Scholarship
	University of Victoria
	1986 - 1991
	$  1,500 /yr.

	Miscellaneous U.Vic. Scholarships
	University of Victoria
	1986 - 1991
	$  4,450
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Summary of Presentations & seminars

Invited oral presentation, symposium entitled “Carnivorous plants as model ecological systems”.  Ecological Society of America, Snowbird (2000).

Annual oral presentations of graduate research at American Institute of Botanical Sciences, Society for the Study of Evolution, or International Botanical Congress (1993-99). 

Departmental seminars at Simon Fraser University (1997), University of Toronto (1998, 2000), University of British Columbia (1999). 

Other Interests & Activities

Hiking, camping, cross-country skiing, bird-watching, canoeing, classical music.

Member: Western Canada Wilderness Committee, Nature Conservancy, Amnesty International
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