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Assessment of Genetic Diversity of  Physaria (Lesquerella) congesta, Dudley Bluffs bladderpod and Physaria obcordata, Dudley Bluffs twinpod
Physaria (Lesquerella) congesta, Dudley Bluffs bladderpod and P. obcordata, Dudley Bluffs twinpod are both known generally from the Piceance Creek Basin of Rio Blanco County in Colorado (all occurrences are within a rectangle spanning 27 miles east to west and 17 miles north to south).  Physaria congesta is known from seven element occurrences with roughly 600,000 plants and P. obcordata is known from nine element occurrences with roughly 28,000 plants.  Three Areas of Critical Environmental Concern (ACEC) have been developed specifically for the protection of these species.  Monitoring efforts within these ACECs have shown inconclusive trends, with some populations increasing while others are decreasing.  Of most concern, threats to the species are increasing dramatically and are expected to continue at an accelerated pace because of natural gas drilling and potential oil shale development.  The greater Piceance Basin, spanning five counties in western Colorado, is said to be by far the nation’s biggest reservoir of natural gas.  Rio Blanco County currently has 2,600 natural gas wells, but predictions state there may be as many as 19,000 wells within 15 years.  More natural gas wells are expected to be developed in Rio Blanco County than any other northwestern Colorado county, with almost all the natural gas production solely in Rio Blanco County by 2025.  The Piceance Creek Road, along which almost all populations of P. obcordata are found, is the only paved road access within 20 miles to an area rich with natural gas.  Vehicle use along the Piceance Creek road in 2003 was approximately 411 vehicle trips a day and in 2007 was over 2900 vehicle trips a day.  Existing natural gas wells are within 200 feet of known plant populations, and unpaved roads and pipelines run immediately adjacent to plant populations.  Already, discussions of drilling for natural gas within the three ACECs are underway as are discussions of mitigation for removing these rare plants in the form of transplanting, seed grow-out, and restoration.

Conserving rare species requires an understanding of the biology of the species to be conserved.  Genetics and demography (life history) studies are thought to be crucial to the success in long-term management of any species.  Unlike conservation genetic studies, demographic studies require long-term data sets that are not suitable for the “preventing extinction” sideboards presented.  Conservation genetic studies are aimed at gaining an understanding of the level and distribution of genetic variation within a species of conservation concern.  It has been established through empirical and theoretical studies that levels of genetic diversity are strongly correlated with evolutionary potential.  Populations with higher levels of genetic diversity are more likely to be able to withstand changing conditions and tend to have a higher reproductive output.  In contrast, populations with less genetic diversity are less able to adapt to environmental changes, less able to defend against herbivores or resist pathogens, and less able to survive catastrophic events.  In addition, small populations with low genetic diversity may suffer from genetic drift resulting in lower than average survival of individuals.  With this understanding, genetic variability can be used to guide management and recovery efforts through the assessment of which populations contain the highest levels of diversity or are unique relative to other populations and hence will warrant conservation priority.  Prioritization for ex-situ conservation efforts such as propagule or seed collection can also be directed through an understanding of population genetic diversity.  In addition to assessing current levels of diversity within the species, the data collected will serve as a baseline for future opportunities to revisit the study and compare if and how genetic diversity may change over time as the habitat becomes increasingly fragmented.

Transplanting, reintroducing, and restoring rare plant populations are difficult tasks.  Occasionally some species are easy to transplant or restore, such as some cacti species.  Generally most species are not easy to transplant, reintroduce, or restore.  In California, an extensive survey and study was conducted that found transplanting efforts were effective in only 15 percent of the cases where conditions were considered ideal for transplanting.  In a British review of 144 plant reintroduction efforts, only 22 percent were deemed successful.  These efforts can be particularly problematic in arid environments because of the low moisture availability for establishment and where edaphic factors play a strong role; like the Physaria species here.  If introduction or reintroduction efforts are to be conducted, the risk of genetically contaminating existing populations or creating reintroduction sites with impoverished genetic material is a possibility such that the plants are not able to adapt to their environment.  Successful restoration of rare plant species in the wild depends on knowledge of the species’ habitat requirements and genetic, demographic, and ecological traits that may increase vulnerability to extinction processes.
PURPOSE AND OBJECTIVES

Understanding the genetic diversity levels across populations for these two Physaria species will enable manager to better manage the species and could enhance the likelihood for successful restoration.  We are hopeful that transplanting, reintroduction, and restoration efforts like this are not needed in the future; but given the pressures of natural gas drilling, would like to start assembling the necessary pieces to move towards a viable restoration program for both Physaria taxa.  We have chosen this particular element (a genetic investigation) for several reasons: (1) it will assist with the prioritization of conservation activities by prioritizing those populations with essential genetic components, (2) it can be completed in a short time frame, and (3) it is not a likely research project that other entities would conduct because of its scientific complexity.
The primary researcher (genetic investigator) for this project will cooperate with several other interested parties (primarily the U.S. Fish and Wildlife Service and the Bureau of Land Management).  The genetic investigator will provide materials and instructions for genetic collections, identify where and which populations to sample, coordinate interested parties to assist with genetic collections, participate in field collections, and analyze genetic material.  All genetic material collected by the interested parties will be delivered to the genetic investigator for genetic analysis.  Sampling for the genetic analysis will aim to collect widely from each element occurrence for each species.  Sampling will include as many sub-element occurrences as possible with the aim of including samples from across the entire range of each species.  The study will aim to include at least 1000 samples of each species in this study, with 30 samples from individuals at any given site. Methods to be employed include the use of Intersimple sequence repeats (ISSR) as well as microsatellite analysis.  Intersimple sequence repeat analysis is a dominant marker methodology which will allow for initial levels and patterns of genetic diversity in the species to be analyzed.  The use of microsatellite markers will provide more detailed information on population level diversity and distribution of diversity.  Microsatellite markers have previously been developed for other members of the genus Physaria and will be adapted for use in the two target species.  The development cost of adapting existing markers is far less than when initial marker development is required.

Genetic collection and initial genetic analyses will be summarized in a preliminary report.  A final report will also be prepared.  The final report will include an introduction, methods, results, and discussion.  The final report will address genetic diversity within the two Phacelia species, compare this diversity with other Phacelia species, and will provide suggestions for future ex-situ and in-situ conservation efforts based on the results.  The study will be designed such that subsequent sampling in 10-20 years will be able to detect if and how genetic diversity has changed within these species over time.
