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ABSTRACT
Gibble, W.J. and Combs, J.K., and Reichard, S.H., 2011. Conserving Plant Biodiversity in a Changing 
World: A View from Northwestern America. University of Washington Botanic Gardens. Conference 
Proceedings, 106 pp. 

During March 13-14, 2012, a conference was held at the University of Washington Botanic Gardens, 
Seattle, WA, entitled “Conserving Plant Biodiversity in a Changing World: A View From Northwestern 
North America”. The objective of the conference was to bring together practitioners, researchers, and 
managers to share our collective expertise on conservation practices for preserving plant biodiversity 
during this period of economic, political, and climatic instability and to brainstorm strategies to 
address current and future challenges. The conference comes at a time when plant conservation is at 
a critical juncture because of the changes that are already being observed in ecosystems and species 
interactions and the continuing erosion of fi nancial resources and knowledgeable professionals. The 
tremendous challenges that plant conservationists face require us to act collaboratively, think eco-
regionally, and consider innovative approaches to address climate change. The Conference included 
55 presentations and 164 attendees belonging to 62 organizations. The geographic scope of the 
conference covered a broad region, from Alaska to Alberta, Montana, and south to Oregon, that shares a 
similar fl ora and whose climate is infl uenced by North Pacifi c weather systems. Presentations addressed 
three broad themes of climate change, ecology and biology of ecosystems, plant communities, and 
species; and policy and strategies, and were organized into seven sessions. Working groups were formed 
at the end of the conference based on these three themes to inspire collaborative work to address 
future challenges. A Botanical Art Exhibit and Contest was held in conjunction with the conference 
featuring 21 botanical illustrations and 21 photographs that captured the immense beauty of native 
plants and landscapes throughout northwestern North America.

KEYWORDS: climate change, conservation strategies and policy, plant community ecology, population 
ecology, rare plants, restoration, conservation management

Astragalus columbianus by Julie Combs
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CONSERVING PLANT BIODIVERSITY 
IN A CHANGING WORLD: A VIEW FROM 

NORTHWESTERN NORTH AMERICA

CONFERENCE SYNTHESIS  
Wendy J. Gibble, Julie K. Combs, and Sarah H. Reichard

More than 160 botanists, conservationists and land managers from across western North America 
participated in the 2012 conference “Conserving Plant Biodiversity in a Changing World: A View from 
Northwestern North America” hosted by the Rare Plant Care & Conservation Program of the University 
of Washington Botanic Gardens. The objective of the conference was to bring together practitioners, 
researchers, and managers to share our collective expertise on conservation practices for preserving 
plant biodiversity during this period of economic, political, and climatic instability and to brainstorm 
strategies to address current and future challenges. The timing for the conference comes at a time 
when plant conservation is at a critical juncture because of the changes that are already being 
observed in ecosystems and species interactions and the continuing erosion of fi nancial resources and 
knowledgeable professionals. The tremendous challenges that plant conservationists face require us to 
act collaboratively, think eco-regionally, and consider innovative approaches to address climate change. 

The two-day conference included 55 presentations, 164 attendees belonging to 62 organizations. The 
geographic scope of the conference covered a broad region from Alaska to Alberta, Montana, and south 
to Oregon that shares a similar fl ora and whose climate is infl uenced by North Pacifi c weather systems. 
Presentations addressed three broad themes of climate change; ecology and biology of ecosystems, 
plant communities, and individual species; and policy and strategies and were organized into seven 
sessions presented over the 2-day conference. The sessions included:

• Session A - Climate Change: Observed E� ects on Plants and Plant Communities: This 
section focused on ways in which recent and past climate changes have aff ected individual species 
as well as plant assemblages. For example, sessions included discussions of recent changes in 
phenology, demography, and interspecifi c interactions associated with changes in climate. Studies 
examined rare as well as common or dominant species.  

• Session B - Climate Change: Predicted E� ects on Plants and Plant Communities: 
Vulnerability assessments, habitat suitability models, and scenario planning are some of the science-
based tools that managers are using to develop management strategies and tactics to protect 
rare plants and biological diversity. In this session, we heard from managers and scientists who are 
evaluating the infl uence of climate on plant communities and specifi c challenges associated with 
rare plants and communities.

• Session C - Climate Change: Adapting Management Strategies to Observed and Predicted 
E� ects: There is a great deal being written on the observed and potential eff ects of climate change 
but much less on how managers and managing agencies should respond. Nonetheless, this is 
where the rubber (science) hits the road (application). Presentations ranged from a philosophical 
nature to examples of specifi c actions based on sound science. Managing for increased resiliency, 
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creating corridors, designing habitat-diverse preserves and translocations were some of the 
management strategies suggested to respond to the infl uence of climate change on plant diversity.

• Session D - Disturbance Ecology and Plant Conservation: Disturbance and changes in 
disturbance regimes may in some cases cause a loss of rare plants and biological diversity. In other 
situations disturbance is required to preserve species and communities. Invasive species and 
changing fi re frequencies are examples of two types of disturbance discussed in this session. In 
addition, several presentations addressed “Indigenous landscape management” and the relationship 
between culture and ecological complexity. 

• Session E - Recovery of rare species and the restoration of their habitat: Rare species, 
both plants and animals, require a properly functioning, healthy ecosystem for long-term survival 
and conservation. Agencies, universities, and NGOs, with the support of dedicated volunteers 
are planning recovery actions for imperiled species and implementing these projects on local 
landscapes. Through the commitment of many contributing parties we are attaining positive results 
on the recovery of imperiled species in this time of shrinking budgets for environmental protection. 
This session highlighted several regional recovery projects that have contributed to our improved 
understanding of ecological relations and the conservation of rare species.

• Session F - Reintroduction in a Changing World: How well is it working, how can it be 
done better, and under what circumstances is it appropriate or not?: Native plant species 
are increasingly being reintroduced to sites where they formerly occurred, and introduced to new 
sites within and outside their known ranges. Despite the apparent clarity, the lack of a universally 
accepted terminology slows progress in the fi eld. The attempt to establish native species involves 
not only practical and scientifi c issues, but also those having to do with human value systems. 
Recent reviews diff er on how well reintroduction appears to be working, and the jury is still out. 
Questions of its potential use as a tool in countering the eff ects of global climate change only 
make the situation more challenging. Contributors in this session discussed diverse aspects of 
reintroduction from empirical studies to more general discussions of the utility, risks, or proper 
application of the practice.

• Session G - Strategies for implementing conservation: partnerships, outreach, and public 
engagement: Especially in times of shrinking conservation budgets and expanding ecological 
change, a range of creative strategies are needed to achieve success in conserving botanical 
biodiversity. Strengthening connections among governmental agencies, academic institutions, 
conservation organizations, and committed individuals enables the scientifi c community to 
continue conservation work in more eff ective ways, and may broaden and deepen public support 
for these eff orts. This session explored innovative strategies and highlighted case studies for funding 
and implementing projects and enhancing public support for plant conservation.

• Session H - Taxonomy, ecology, and population dynamics of rare and endangered plants: 
Rare plants are the subject of a wide variety of taxonomic, genetic, ecological, and population 
dynamics studies throughout the Pacifi c Northwest. Basic research, taxonomic and natural history 
information provides the foundation upon which rare plant conservation and recovery actions are 
built. This session gave an opportunity for researchers, students, agencies, and private organizations 
to share and learn about current developments in rare plant science.

The conference also included a Botanical Art Exhibit and Contest featuring 21 botanical illustrations 
and 21 photographs of plants and ecosystems of northwestern North America. The goal of the exhibit 
was to integrate art and scientifi c investigation that leads to a greater appreciation and understanding 
of native plants and plant communities by the public. The illustrations and photographs captured the 
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immense beauty of native plants and landscapes throughout northwestern North America. Conference 
participants voted on their favorite artworks. Prizes and recognition were awarded to the top three 
in each category. First, second and third place for best illustrations were awarded to Louise Smith for 
“Paintbrush and Sedge”, Daphne Morris for “Carex macrocephala”, and Jan Hurd for “Rosa nutkana”, 
respectively. First, second and third place for best photographs were awarded to Daniel Mosquin for 
“Castilleja applegatei var. pinetorum”, Michael Hannam for “Veratrum viride”, and Morgan Turner for 
“Blechnum spicant”, respectively. The exhibit remained on display through the month of March in the 
Elisabeth C. Miller Library at the University of Washington Botanic Gardens.

The opening plenary session of the conference laid out the challenges conservationists face today. 
The keynote speaker, Dr. Peter Raven, painted a stark picture of the looming biodiversity crises brought 
on by a myriad of factors: a world population of 7 billion and growing, consumption levels that are 
outpacing the earth’s carrying capacity, the spread of invasive species, over-harvest of certain plants and 
animals, and climate change. Of particular concern is how the predicted changes in climate will increase 
the stress experienced by rare plants already under pressure by human’s ecological footprint on the 
globe. Not only will many plant populations fi nd themselves outside their optimal climate range within 
the next 100 years, but habitat loss will be accelerated by rising sea levels and changes in human land 
uses necessitated by decreased water availability and higher temperatures. And those populations who 
survive those threats may face novel predators expanding their ranges or the loss of pollinators whose 
migration timing no longer matches their fl owering period. Dr. Raven noted that extinction rates are 
expected to increase dramatically compared to historic rates, perhaps reaching 10,000 species a year, 
approximately equating to half of all species within a century.

Given this ominous prediction, Dr. Raven provided attendees a path forward to slow down and 
even halt the loss of plant biodiversity. After all, more is resting on the hope of conservation than 
the ecosystems and species themselves: we look toward these species as sources for new foods and 
medicines, opportunities for sustainable energy, providing new ways to purify water and soil, and 
improved agricultural practices. Conservation strategies need to be robust and multi-pronged, including 
gathering information on species and disseminating it widely, expanding reserve areas with an eye to 
future climate changes, identifying key sites that off er unique or contiguous habitats, building ex situ 
collections, and conserving whole communities in nature to improve resiliency. 

Dr. Joshua Lawler opened the second day of the conference with a presentation on “Anticipating 
the Impacts of Climate Change on Native Plants.” Current climate model predications, such as those 
provided by the University of Washington Climate Impacts Group, provide predictions on precipitation, 
mean annual temperature, fi re frequency, and snow pack that can be used to estimate future climate 
envelopes for species or to predict species vulnerability to climate change. For instance, niche models 
project future suitable ranges for species based on topographic and climatic features predicted 20 to 
100 years in the future, thereby providing predictions about where the species distributions will expand 
and contract. Such models can be applied to a suite of species, or even estimated for an entire fl ora for a 
defi ned geographic area. When land use is superimposed on these models, key migration corridors can 
be identifi ed to help determine where reserves are needed to facilitate species movement. Researchers 
have also modeled dispersal velocities to identify which species will not be able to keep pace with the 
projected rate of climate change, suggesting that these species may need assisted migration. Other 
models take a mechanistic approach that includes ecological and physiological processes to predict 
change in vegetation communities based on mortality and establishment. Such modeling highlights 
the fundamental questions we face about how fully mankind should intervene to shape ecological 
communities: Do we want to preserve and move entire plant communities? Are there species we 
should allow to go extinct? Do we want to move species outside their native range? Should native 
species that are expanding their range be considered invasive?
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Over the course of two days, conference attendees pondered these questions and the extraordinary 
challenges that face conservationists and land managers in the coming decades. While we took 
inspiration from the dedicated and innovative work of our peers, we also agreed that, as a community, 
we need to proactively address some of the pressing issues identifi ed in the conference. Three 
working groups met to identify the challenges and steps needed to start tackling them.  Three topics 
addressed by these groups included: climate change, ecology and biology of rare plants, and policies 
and strategies for plant conservation (see Appendix A). We look forward to hearing about what these 
working groups accomplish when we next meet for a re gional conference on plant biodiversity.

These proceedings consists of three manuscripts, eight extended abstracts, forty-six oral presentation 
abstracts and eighteen oral presentation abstracts. Authors were given the choice of submitting their 
original abstract, an extended abstract or a manuscript. The majority opted to submit their original 
abstract.

Carex stylosa by Brenda Cunningham
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Rare Vascular Plant Distributions In Alaska: 
Evaluating Patterns Of Habitat  Suitability

In The Face Of Climate Change

Matthew L. Carlson1 and Helen Cortés-Burns2

ABSTRACT
The high magnitude of projected climate change in northern latitudes represents a serious concern 
to the persistence of Alaskan plant species with limited geographic distributions or narrow habitat 
requirements. To address this potential vulnerability, we review the distribution patterns of Alaska’s 
rare plants and initial results from current and future habitat suitability models for 34 rare plants. 
Hotspots of rare taxa in the state are concentrated in the Aleutian Islands, southeastern Alaska, interior 
Alaska and Brooks Ranges, and the Arctic Coastal Plain. Approximately 60% of Alaska’s rare species are 
found at high elevations, islands, or adjacent to the Arctic Ocean and therefore appear to lack clear 
migration corridors to track their current climate envelopes under future scenarios. We used inductive 
habitat-suitability models to evaluate whether future suitable habitat locations would be reduced in 
size or shifted in location. Preliminary models for rare species with southwestern Alaska and montane 
distributions showed little change in suitable area. Model outputs for interior species were varied: some 
models suggest large shifts and others minor shifts in suitable habitat. Last, outputs for arctic endemics 
suggest a dramatic loss of suitable habitat in 50 years. Species did not have consistent responses to 
climate variables, but in general, annual precipitation appeared to be a more important driver than 
mean annual temperature or other variables. This modeling eff ort highlights the need to identify 
additional important variables that drive many of Alaska’s rarest plants distributions, and the need for 
experimental approaches for the most at-risk species to understand the relationship of climate warming 
on population vital rates.   

Keywords: Alaska, rare plants, climate change, climatic niche model

INTRODUCTION
Alaska is in the enviable position relative to states and provinces to the south in having very few vascular 
plants at risk of extirpation. Currently a single plant species is listed as Endangered by the USFWS 
(Federal Register 1988) and just 24 taxa are listed as globally imperiled to critically imperiled in the state 
(AKNHP 2012). This low number of species of conservation concern is not solely a function of lower total 
biodiversity. Total plant species richness of approximately 2,000 species (Hultén 1968) is comparable to 
other Pacifi c Northwest states and provinces. However with a signifi cantly larger area, the number of

1Matthew L. Carlson is an associate professor in the Biological Sciences Department at the University of Alaska Anchorage and 
program botanist for the Alaska Natural Heritage Program, University of Alaska Anchorage, 707 A Street, Anchorage, Alaska 
99501; 
2Helen Cortés-Burns is a Botanist for the Alaska Natural Heritage Program, University of Alaska Anchorage, 707 A Street, Anchor-
age, Alaska 99501
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rare species per unit area is dramatically less in Alaska relative to other states (e.g., 15.2 × less than  
Washington). While Alaska does not harbor a large number of globally rare species, it encompasses the 
limited North American distribution of a number of widespread Eurasian species, such as Oxygraphis 
glacialis (Fisch.) Bunge, Saussurea triangulata Trautvetter & C. A. Meyer, and Potentilla stipularis L., 
where the North American distribution of these taxa are limited to a few populations in western Alaska. 
Additionally, the circumpolar north may harbor numerous cryptic plant species and is suggested to be 
a region of rapid incipient speciation (Grundt et al. 2006). Thus, we argue that Alaska makes a signifi cant 
contribution to the plant biodiversity in the North America. 

The low number of species at risk of extirpation in Alaska can also be attributed to fewer threats from 
human development. The primary cause of species endangerment, habitat conversion (Meff e and 
Carroll 1997, Wilcove and Master 2008), has been considerably less in Alaska relative to other states 
(e.g., road density is approximately 30 × less in Alaska relative to Washington and 880,000 acres have 
been converted to agriculture in Alaska relative to 15,000,000 acres in Washington, USDA 2012). 
Current and proposed large-scale natural resource extraction activities (such as mining and oil and gas 
development) however are causing alterations to substrates and habitats more broadly, which are likely 
to increasingly threaten rare plant populations. Second, dramatic changes in climate cause a growing 
reason for concern. Increases in mean annual temperature are well accepted to be proceeding more 
dramatically at high latitudes (Serreze et al. 2000) and direct and indirect impacts of climate change 
have the potential to threaten the persistence of plant species at these latitudes. In just the last 30 
years, there has been a +2 °C increase in mean annual temperature in the arctic biome (ACIA 2005) 
and temperature is predicted to continue to increase more rapidly than at lower latitudes (IPPC 2007). 
The growing season has nearly doubled in length the interior of Alaska in the last 100 years, from 90 
to 170 days (Wendler and Shulski 2009). Species and communities appear to be responding to these 
changes. There are numerous examples of increases in shrub and tree expansion in arctic and alpine 
tundra habitats (Klein et al. 2005, Dial et al. 2007, Tape et al. 2006, Roland 2012). As the majority of rare 
vascular plant species in Alaska are associated with open, low-competition habitats, shrub and tree 
encroachment represents a serious threat to these rare plant populations. Additionally, climate change 
is infl uencing patterns and frequency of disturbances in northern systems, such as increasing the 
frequency and intensities of herbivorous insect outbreaks and wildfi res (Soja et al. 2006, Chapin et al. 
2008). Last the rate of non-native plant species introduction and establishment in natural systems is 
accelerating in Alaska and is likely exacerbated by increased temperatures, longer growing seasons, and 
more frequent and severe disturbances (Carlson and Shephard 2007). While indirect ecological impacts 
associated with climate change, such as disturbance and herbivory, are the most diffi  cult to predict and 
quantify, they are likely to have impacts that are equal or greater than direct impacts (Davis et al. 1998, 
Klanderude 2005, Suttle et al. 2007, Adler et al. 2009).

Rare plant species in Alaska display pronounced biogeographic patterns. Some of these biogeographic 
associations are anticipated to experience more extreme climatic changes, and/or lack clear dispersal 
routes to future suitable climate and are therefore expected to be more vulnerable to climate 
change. Hierarchical cluster analysis of globally rare to imperiled species by 250,000 mi2 grid cells and 
ecogeographic region (Nowacki et al. 2001) suggest these species can be grouped into an Aleutian, 
southeastern coastal, montane, interior, and Bering Strait, and Arctic Coastal Plain associations (fi g. 
1). Projected global circulation model average temperatures predict an approximately +2 °C increase 
over much of Alaska in 50 years, but with greater increases in northern Alaska and only modest 
increases in southwestern Alaska to the Aleutian Islands (SNAP 2012). Total precipitation is expected 
to remain relatively similar along the Arctic Coastal Plain, southeastern coast, and in the interior, while 
southwestern and western Alaska is projected to become signifi cantly wetter. Specifi cally, we anticipate 
that Aleutian, montane, and Arctic Coastal Plain species associations are more vulnerable to reduced 
and geographically disparate future suitable habitats since these species would presumably have to 
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move to the north and to higher elevations to track suitable climates and they are predicted to show 
the most dramatic changes in temperature or precipitation. Areas to the north and higher elevations 
for these groups of species are either bounded by the Chukchi, or Beaufort Seas, or are reduced in area 
for the montane species. The interior species associations tend to be dominated by species found on 
warmer and drier microsites and thus we expect that habitat suitability for this group of species will 
generally increase under future scenarios at least in the eastern interior. 

In an attempt to evaluate the potential vulnerabilities of rare plant species in Alaska to climate 
change, we modeled the distribution of current and future climatic envelopes of 34 rare plant species.  
Specifi cally we address if predicted suitable habitat contracts in area and if the region of predicted 
suitability is diff erent in 50 years. We anticipated that montane-associated species and species endemic 
to the Arctic Coastal Plain would be more vulnerable than species of other biogeographic affi  nities 
to climate change. Last, we examined the importance of temperature relative to other climate and 
geographic variables in the development of distribution models for these species. 

METHODS
We modeled the current and future ecological niches using presence data for seven to ten species from 
each of four biogeographic regions in Alaska: Arctic Coastal Plain, interior, montane (primarily Alaska 
and Brooks Ranges), and a combined Aleutian and southeastern coastal region (Aleutian-south coastal, 
table 1). Aleutian and southeastern coast regions were combined because they share biogeographic 
affi  nities (fi g. 1) and the small numbers of populations and incomplete data layers in the western 
Aleutians hampered our ability to treat that region independently. We included species considered rare 
to imperiled in the state for which there were approximately ten or more occurrences.

Population locations were obtained from the Alaska Natural Heritage Program’s rare plant database 
(AKNHP 2012). The majority of these records are based on georeferenced vouchered specimens housed 
in herbaria such as the University of Alaska Museum and the University of Alaska Anchorage, as well as 
from the USDA Forest Service NRIS database. Species occurrences that were less than 1 km apart were 
eliminated from the analysis. 

The predictor variables we used included current and projected climate data created for Alaska by 
the Scenarios Network for Alaska Planning (SNAP 2010, 1 km2 grid cells). The future climate projection 
is based on the downscaled output from fi ve of the International Panel on Climate Change’s Global 
Circulation models. We used the climate projection for 2060 under the intermediate (A1B) emission 
scenarios. Climate variables used to develop the models included mean annual temperature, mean 
annual precipitation, and growing season length (number of frost-free days). Additionally, we included 
slope and elevation, which were extracted from the National Elevation Dataset for Alaska (Gesch 2007 
and Gesch et al. 2002; approximately 60 meter resolution).

We used the maximum entropy modeling program MaxEnt version 3.3.1 (Phillips et al. 2006, Phillips and 
Dudik 2008) to produce the species distribution models. MaxEnt calculates expected levels of species 
presence using presence-only data, and has been shown to outperform more established modeling 
methods, such as GARP and BIOCLIM (Elith et al. 2006). When the number of data points available made 
it possible, runs were cross-validated. Occurrences were randomly split into a number of groups, and 
models were created omitting each group of occurrences in turn. Models run from previously omitted 
occurrences are then used for evaluation. We used area under the curve (AUC) statistics derived from 
receiver operating characteristics (ROC) analyses, which is automatically calculated by Maxent, to 
estimate model performance. AUC values range between 0.5 and 1, with values between 0.5 - 0.7 being 
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relatively poor, those between 0.7 and 0.9 being useful, and those above 0.9 indicating relative high 
accuracy (Swets 1988). Finally, our knowledge of individual species and their habitat preferences was 
also incorporated to make fi nal determinations on which models were useful and which ones were not 
as reliable. 

We developed an index to compare the relative importance of the fi ve predictor variables in 
determining suitability for the biogeographic groups of species. Percent variable contributions are 
generated from MaxEnt and we used the fi rst two variables that contributed most to the model for each 
species were given scores of 1.0 or 0.5, for fi rst and second variable contribution, respectively. The ratio 
of scores for each variable to the total for all species in the biogeographic group was then calculated. 
Thus the variable most important to the majority of species in the group received a higher score. 
We compared changes in predicted suitability over the 50 year time-step by visually comparing the 
mapped outputs.

RESULTS
In general, model performance was correlated with the number of occurrences used to develop the 
model. Species with greater than 15 known occurrences, and for which we could run cross-validation 
statistics with 5-10 replicates performed the best. Predicted habitat suitability models for 2010 and 2060 
are shown in fi gure 2 for three species within each biogeographic group to demonstrate the range of 
responses.

Overall, species had varied responses to future climates, with predicted suitabilities increasing in some 
cases and decreasing in others. However, there were some consistent patterns within biogeographic 
groups. Consistent with expectations, all Arctic Coastal Plain species exhibited a decrease in suitable 
habitat as a result of climate change (albeit with poor model performance). Model results from the 
Aleutian-south coastal and montane biogeographic groups suggest that the area of suitable habitat 
shifts north as expected, but that the area of suitable habitat is roughly similar or increases under these 
future climate projections. Last, model results suggest a range of vulnerabilities of interior species under 
future climate predictions.

Arctic Coastal Plain Species
Model performance for most of the Arctic Coastal Plain species was poor. Many of the rare species 
we selected from this region have few known occurrences (3-20 per species), and even when cross-
validated the model outputs were still either over-fi tted (too constrained to the predictor variables and 
lack generality) or potentially lacking a variable that would have served as a stronger predictor. There 
was however a consistent trend among all arctic species analyzed: the area of suitable habitat shifted 
northward and declined in the 2060 models (fi g. 2). The model obtained for the arctic grass Koeleria 
asiatica Domin, which is considered rare in the state and of long-term conservation concern globally, 
was well-supported (22 known locations, ten replicates, AUC 0.976). Predicted habitat for this species 
shows a general reduction in the area and degree of suitability by 2060, with particular reductions in the 
southern and western portions of its current range. We also retained the modeled outputs for Papaver 
gorodkovii Tolm. & Petrovsky (13 known locations, three replicates, AUC 0.964) and for Cardamine 
microphylla M.F. Adams (nine known locations, three replicates, AUC 0.919). Model runs for Draba 
subcapitata Simmons, Ranunculus sabinei R.Br., and Symphyotrichum falcatum ssp. falcatum (Lindl.) 
G.L. Nesom, which are all imperiled and restricted to the Arctic, could not be replicated due to the lack 
of distinct occurrences (three to six). Models for these species were highly over-fi tted and discarded 
after an initial run. Although our confi dence in the models for Mertensia drummondii (Lehm.) G. Don, 
Pleuropogon sabinei R.Br., Draba pauci� ora R.Br., Symphyotrichum pygmaeum Brouillet & Sugirthini, 
Saxifraga rivularis ssp. arctolitoralis (Jurtzev & V.V. Petrovsky) M.H. Jørg. & Elven, and Poa hartzii ssp. 
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alaskana Soreng. was low, all of these species displayed similar constrictions of predicted suitable 
habitat. In many cases the declines were dramatic, for example no suitable habitat was identifi ed for 
Mertensia drummondii under this scenario by 2060. Species models in this biogeographic group were 
driven primarily by mean annual temperature, followed by elevation and the other variables (fi g. 3).

Montane Species
Unlike the Arctic Coastal Plain species, montane species all had more than 15 occurrences (most 
had more than 40 known presences), and models were consequently run with cross-validation (ten 
or sometimes three replicates per species). High AUC values (0.83 to 0.93) and the omission versus 
commission analyses indicated strong model performance across all species in this group.

The overall trend for the montane species is that the distribution of predicted suitable habitat remains 
similar in extent or even increases within the next 50 years (fi g. 2). In particular, for many of the montane 
species, increased habitat suitability is evident in the Brooks Range, while little reduction on the 
southern edge of their distribution is indicated. However, some reductions of current habitat suitability 
were evident in the model for Aphragmus eschscholtzianus Andrz. ex DC. in the southwestern portion 
of its range on the Alaska Peninsula. Montane species models were primarily driven by elevation and 
precipitation.

Aleutian-South Coastal Species
Models for Aleutian-south coastal species with greater than 15 occurrences were also reliable. However, 
Oxygraphis glacialis (Fisch.) Bunge and Plagiobothrys orientalis (L.) I.M. Johnst. were discarded because 
of poor model performance and over-fi tting. Many of the Aleutian-coastal species models indicated 
increased future habitat suitability in the Bristol Bay region to the north of their current locations and 
some moderate decline in suitability in southeastern Alaska. Only modest declines in suitabilities in 
their current ranges in southwestern Alaska were indicated (fi g. 2). It should be stressed that most of 
the species in this biogeographic group are associated with strongly maritime-infl uenced habitats and 
therefore, the increased suitabilities in the highlands of southwestern Alaska projected by many models 
are unlikely to be refl ective of truly suitable habitat. Aleutian-south coastal species models were driven 
primarily by mean annual precipitation (fi g. 3).  

Interior Species
Interior species displayed the most diverse response to climate change. Lupinus kuschei Eastw. and 
Physaria caldera (G.A. Mulligan & A.E. Porsild) O’Kane & Al-Shehbaz were discarded for poor model 
performance. Some species showed large declines in the area of predicted suitable habitat by 2060 (e.g., 
Campanula aurita Greene, Cerastium maximum L., Draba murrayi G.A. Mulligan, Erysimum asperum var. 
angustatum (Rydb.) B. Boivin, Eriogonum � avum var. aquilinum Reveal, Alyssum obovatum (C.A. Mey.) 
Turcz., Antennaria densifolia A.E. Porsild; fi g. 2). However, in almost all cases, predicted habitat suitability 
in 2060 remained high in the specifi c areas where populations are currently known. In addition, other 
taxa exhibited an increase and/or shift in their predicted suitable habitat (e.g. Artemisia tanacetifolia 
L. and Corispermum ochotense Ignatov; fi g. 2). Precipitation was the most important variable driving 
the species models for the interior species model, while slope and the other variables were important 
predictors for a minority of species (fi g. 3).

DISCUSSION
While the rare fl ora of Alaska is less threatened by anthropogenic factors than fl oras to the south, our 
modeling results suggest that some groups of species may have diffi  culties tracking suitable habitats 
and are vulnerable to climate change. In particular, models of the Arctic Coastal Plain endemics suggest 
a common pattern of dramatic decrease in the area of predicted suitable habitat. Although we restricted 
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our analysis to Alaska, areas of future suitable climate for many of these species would be expected to 
occur in higher latitude polar regions, such as in the Canadian Archipelago. Migration corridors to these 
areas, however, would require long distance dispersal across the water or sea ice. Population genetic 
data from a number of arctic plant species does suggest high dispersal ability (Abbott and Brochmann 
2003). Interestingly, modeling of the arctic tundra biome more broadly has suggested that this system 
may be less vulnerable to shifts than many other biomes, as shifts in other biomes are often sensitive 
to relatively small changes in temperature and precipitation (Murphy et al. 2010, Loarie et al. 2011). 
The arctic tundra habitat on the Seward Peninsula, which is much nearer to the margin of the arctic 
tundra biome climate envelope than the Arctic Coastal Plain, is anticipated to diminish dramatically in 
this time frame (Murphy et al. 2010). Therefore the Bering Strait associated rare species (which were not 
modeled here) could be at particular risk. While biological organization may not change dramatically at 
broader physiognomic levels (i.e., treeless tundra persists) on the Arctic Coastal Plain, the composition of 
communities within the biomes may change due to individual species responses. In particular, models 
of these rare species suggest that changes in their climate envelopes could be striking. 

Rare species associated with the Aleutian-south coastal and montane regions appear more secure than 
the species of the Arctic Coastal Plain and interior regions. These species are found in the southern 
and central portion of the state and in areas with high topographic complexity. Thus future suitable 
climate envelopes are generally proximal to current climate envelopes. In regions to the south, alpine 
habitats and associated species have been recognized as sky islands that are particularly vulnerable 
to climate change (e.g., Kupfer et al. 2005, Giff ord and Kozak 2012). In Alaska, the reduction in alpine 
habitats in response to climate change is likely substantially less than regions to the south since alpine 
habitats occur at much lower elevations and a relatively large area still remains at higher elevations. 
Future suitable habitat generally increased in the Brooks Range for the montane associates and for many 
species that are currently associated with the Alaska and Coastal Ranges there is no clear high elevation 
north-south dispersal route to the Brooks Range. Also, even though suitable habitat was predicted 
to remain similar in extent or increase for Aleutian-south coastal and montane-associated species, 
reductions in suitabilities at the southern margin of the ranges of some species were implied; thus local 
population decline at the edge of some species’ ranges is a concern. Therefore, some caution should 
be taken in assuming with increasing area of suitable habitat modeled there is reduced threat. Due to 
lack of some adequate environmental data layers and few known locations, we did not model suitable 
habitats for the rarest Aleutian Island endemics. These species would likely face signifi cant dispersal 
barriers assuming suitable climates shift from current locations. However, the only USFWS Listed plant 
taxon in the state is the Aleutian shield fern (Polystichum aleuticum) and of all vascular plant groups, 
ferns are generally not dispersal limited (Tryon 1966, 1970, Perrie et al. 2010).

Mean annual precipitation, rather than temperature, was the predictor variable that explained the 
most variation in suitable habitat across species models. The degree of uncertainty in patterns of future 
precipitation in general is quite high however, and thus constrains the confi dence in models of future 
suitable habitat in cases where precipitation an important predictor variable (Lawler 2012). Second, 
plants are expected to respond to soil moisture rather than precipitation per se, and soil moisture is a 
more complex variable involving temperature, evapotranspiration, etc. Despite these caveats, many 
of the rare species, particularly in interior Alaska, are clearly associated with unusually dry microsites 
(see Lipkin and Murray 1997) and therefore changes in precipitation (and temperature) would be 
expected to have large impacts on the size and distribution of suitable habitat. Even small decreases in 
precipitation and increases in temperature are expected to result in potentially large areas of conversion 
of forest habitats to open, steppe-bluff  habitats (Lloyd et al. 2011), which could result in a greater area of 
suitable habitat for this group of rare species.

The lack of importance of temperature in explaining variation in the models is noteworthy. It is quite 
possible that many of these species occur in areas with relatively large variation in mean annual 



Conference Proceedings

7

temperature and although they occur in a relatively narrow geographic region, it encompasses a range 
of elevations, aspects, and distances to coast. Thus variation in mean annual temperatures associated 
with known locations would be expected to be high and therefore have reduced predictive ability 
relative to other variables. Second, since we have only treated temperature in a very coarse manner 
(mean annual temperature) we are unlikely to capture many important climate niche parameters. For 
example, individual plant species would be expected to respond to fi ner-scale aspects of temperature, 
such as minimum winter temperatures or maximum summer temperatures, variables that may be only 
weakly correlated with mean annual temperature.

These model outputs are intended as a hypothesis generating exercise and should be viewed with 
caution and an awareness of their limitations (see Davis et al. 1998). First, we have no a priori information 
that the habitat of the species modeled is in fact related to the climate and topographic variables used. 
While mean annual temperature and precipitation are accepted in general to be the most important 
niche parameters for vascular plants (see Woodward 1987, Davis and Shaw 2001, Hughes 2000, McCarty 
2001, Walther et al. 2002), it is possible that these variables are not important within the scope of the 
geographic region investigated. Populations of these rare plants may be more constrained by fi ner-scale 
variables. For example, soil moisture-holding capacity has been shown to be a major determinant of 
the distribution of three alpine tundra willow species (Dawson 1990) and the presence of mycorrhizal 
symbionts has been shown to be a major component determining species’ distributions (McCormick et 
al. 2012). Second, with few known locations for many of the rarest species, there is greater uncertainty 
about the relationship of the species with the predictor variables, leading to poor or over-fi tted models. 
Third, we have little ability to infer if the pattern of current and future suitable habitats of the most 
critically imperiled taxa (that were not modeled because of low sample size) would be similar to the 
model outputs associated with the species with more occurrences. Thus we restrict comments on 
climate vulnerabilities of our rarest species. Finally, the majority of rare plants in Alaska are associated 
with uncommon substrates (e.g., sand dunes, limestone outcrops, wet scree, etc.) and we were not able 
to include these as predictor variables because high resolution spatial data is not avaialable for the state. 
Thus the habitat suitability outputs produced in these models represent a coarse perspective based 
on a limited number of predictors with at least one of the major predictors (substrate type) omitted. 
Last, it should be emphasized that we are unaware of indirect impacts of climate change on rare plants. 
Changes in disturbance regimes and antagonistic and mutualistic interactions, herbivory, pathogens, 
etc. are likely to have equal or greater impacts on rare plant species than direct eff ects of climate (Davis 
et al. 1998, Klanderude 2005, Suttle et al. 2007, Adler et al. 2009).

This study does, however, provide a direction for future research on the impact of climate change on 
Alaska’s rare plants. These initial fi ndings suggest that natural resource managers in the state should give 
greater priority to inventorying, monitoring, and conducting experimental work on rare vascular plants 
in the Arctic. Even though these species are not currently listed as threatened or endangered, the lack of 
information we have on these plants severely limits our ability to understand their current rarity as well 
as predict how future changes in the state will aff ect them. Currently we have almost no information on 
baseline population trends or habitat changes of rare species in the state and monitoring eff orts would 
be invaluable in gauging if populations of the identifi ed vulnerable species are in fact showing signs 
of change. Second, we see a great value in studies to test the relationship of direct and indirect eff ects 
of climate on niche space by relating population vital rates to environmental parameters in natural 
populations or in newly established populations subjected to current and predicted future climates 
(McLean and Aitken 2012). Future modeling studies will include rare species from the Bering Strait and 
strictly southeastern maritime ecoregions, as well as including the westernmost Aleutian species, and by 
including more widespread arctic and Aleutian species.
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Table 1. Species used in the habitat modeling, biogeographic association, NatureServe global and 
current Alaska Natural Heritage Program state rarity ranks, and number of occurrences in Alaska. 
The Aleutian-south coastal association is abbreviated ‘Aleutian-coastal’ and the Arctic Coastal Plain is 
abbreviated ‘Arctic’.

Species Region
Global 
Rank

State 
Rank

Number of
occurrences

Alyssum obovatum Interior G5 S2S3 12
Antennaria densifolia Interior G3 S2 9
Aphragmus eschscholtzianus Montane G3 S4 57
Arnica ovata Montane G5 S2S3Q 18
Artemisia tanacetifolia Interior GNR S3 26
Atriplex gmelinii var. alaskensis Aleutian-coastal G3G4Q S4 27
Campanula aurita Interior G4 S4 42
Cardamine microphylla Arctic G3G4 S2 9
Cerastium maximum Interior G4 S4 26
Corispermum ochotense Interior G3G4 S3 14
Douglasia alaskana Aleutian-coastal G3 S4 45
Draba macounii Montane G3G4 S3 21
Draba murrayi Interior G2 S2S3 22
Draba pauci� ora Arctic G4 S2 9
Erigeron porsildii Montane G3G4 S3S4 21
Eriogonum � avum var. aquilinum Interior G5T2 S2 18
Erysimum asperum var. angustatum Interior G5T1 S2 19
Koeleria asiatica Arctic G4 S3 22
Lupinus kuschei Interior G3G4 S2 16
Mertensia drummondii Arctic G2G3 S2 16
Noccaea arctica Montane G3 S4 48
Oxygraphis glacialis Aleutian-coastal G4G5 S3 16
Papaver alboroseum Montane G3G4 S4 46
Papaver gorodkovii Arctic G3 S2S3 13
Physaria calderi Interior G3G4 S2 10
Plagiobothrys orientalis Aleutian-coastal G3G4 S3 11
Pleuropogon sabinei Arctic G4G5 S1 11
Poa hartzii spp. alaskana Arctic G3G4T1T2 S1S2 8
Ranunculus paci� cus Aleutian-coastal G3 S3S4 25
Romanzo�  a unalaschensis Aleutian-coastal G3 S3S4 39
Rumex beringensis Aleutian-coastal G3 S3 23
Salix setchelliana Montane G4 S4 50
Saxifraga rivularis ssp. arctolitoralis Arctic G5T2T3 S2 9
Symphyotrichum pygmaeum Arctic G2G4 S2 9
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Figure 1. Hierarchical 
cluster analysis of 76 rare 
plant taxa occurring in 
more than one 1:250,000 
mi2 grid cells and 
ecoregions (Nowacki et 
al. 2001). Biogeographic 
groupings are indicated 
to the right of the boxes.

80            60            40           20             0
Height 

 

Interior 
 

Montane 
 

Bering Strait 
 

Aleutian 
 

Southeastern Coastal 
 

Arctic Coastal Plain 
 



Conserving Plant Biodiversity in a Changing World

14

Figure 2. Current and future species habitat suitability for four biogeographic groups of rare species 
in Alaska (warm colors are used for pixels with potentially suitable habitat while cool colors indicate 
pixels or areas where the species is less likely to occur; the spectrum ranges from red to blue). Known 
occurrences are indicated as red dots.

Arctic Coastal Plain species distributions 

Present (2010) and future (2060) ecological niche models for Koeleria asiatica.

Present (2010) and future (2060) ecological niche models for Mertensia drummondii.

Present (2010) and future (2060) ecological niche models for Poa hartzii ssp. alaskana.
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Montane species distributions 

Present (2010) and future (2060) ecological niche models for Aphragmus eschscholtzianus.

Present (2010) and future (2060) ecological niche models for Douglasia alaskana.

Present (2010) and future (2060) ecological niche models for Draba macounii.
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Aleutian-south coastal species distributions

Present (2010) and future (2060) ecological niche models for Romanzoffia unalaschcensis.

Present (2010) and future (2060) ecological niche models for Rumex beringensis.

Present (2010) and future (2060) ecological niche models for Atriplex gmelinii.
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Interior species distributions

Present (2010) and future (2060) ecological niche models for Artemisia tanacetifolia.

Present (2010) and future (2060) ecological niche models for Erysimum asperum var.
angustatum.

Present (2010) and future (2060) ecological niche models for Corispermum ochotense.
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Figure 3. Index of predictor variable contributions to species distribution models for four 
biogeographic groups. The Aleutian-south coastal association is abbreviated ‘Aleutian-coastal’ and the 
Arctic Coastal Plain is abbreviated ‘Arctic’.
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 Cultural and Ecological Relationship
between the Nisqually Indian Tribe and the 

Plants of Mount Rainier National Park

David Hooper1

ABSTRACT
Throughout the history of the National Park Service the question of whether Native American’s still 
have rights to traditionally use natural resources found within park land has been debated. This debate 
is largely held in political, legal and philosophical arenas. But there are ethnographic and ecological 
questions that need to be addressed in order for policy makers to make informed decisions. One of 
the parks that have been addressing this issue is Mount Rainier National Park, which has been working 
with the Nisqually Tribe to develop a collecting agreement that would allow members of the tribe 
to harvest twelve species of plants. For my dissertation research I am asking two questions: fi rst, how 
do members of the Nisqually tribe traditionally harvest these plants? This ethnographic research is 
being accomplished through interviews, surveys, and observations of harvesting practices. My other 
question is: what are the biological eff ects of harvesting beargrass (Xerophyllum tenax (Pursh) Nutt.) and 
pipsissewa (Chimaphila umbellata (R. BR.) Spreng,), and peeling bark of western redcedar (Thuja plicata 
Donn. Ex D. Don)? For each of these species I am using diff erent methods to measure the impact of 
harvesting. The impact of beargrass harvesting is done by estimating percent ground cover. Pipsissewa 
measurements are frequency, percent cover, and density. I am comparing the secondary growth rate of 
peeled and unpeeled cedar trees. The results of this research will help Mount Rainier managers and the 
Nisqually Tribe to develop policy that allows the tribe to utilize these plants according to treaty rights 
while not interfering with the park’s mission.     

Keywords: Nisqually Tribe, Mount Rainier National Park, traditional plant harvesting  

INTRODUCTION

In the 1830’s the painter George Catlin proposed the idea of establishing national parks in the United 
States. The parks he envisioned were wilderness areas that would preserve the fauna, fl ora, and Native 
Americans in their natural state (Spence 1999). Even though the idea of forcing people to remain the 
same is culturally insensitive, it clearly shows the early concept of wilderness included some groups 
of humanity. The view of wilderness in the early nineteenth century was a landscape that contained 
abundant wildlife, deep soils, and thick forests that were also occupied by noble savages who were 
living in ecological harmony (Buege 1996, Krech 1999). 

1David Hopper is a PhD. Candidate in the Department of Anthropology, Social Sciences 235, University of Montana, Missoula, 
MT 59812.
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As the West was explored and opened up to settlement areas were discovered of such scenic beauty 
people wanted to protect them from becoming over-developed, as happened in Niagara Falls, while 
still making profi t from tourism (Sellars 1997). The establishment of Yellowstone National Park, in 1872, 
was based on these goals. As the fi rst national park, Yellowstone set the majority of trends in managing 
future national parks including the policies concerning Native Americans (Spence 1999). The removal 
of Native Americans and the exclusion of their use in Yellowstone established the policies that were 
applied to all future national parks in the lower forty-eight states. 

This policy is based on several ideas. First was the desire to force Native Americans to be assimilated 
into white society. The second was a changing view of wilderness as land where people are absent. 
The last idea was that wilderness areas with special features needed to be protected and developed for 
recreation. 

The Organic Act of 1916 states that the purpose of the National Park Service (NPS), “is to conserve the 
scenery and the natural and historic objects and the wildlife therein and to provide for the enjoyment of 
the same in such manner and by such means as will leave them unimpaired for the enjoyment of future 
generations.” The removal of native populations from parklands ended ecological relationships between 
these people and the biotic community. The ending of these ecological relationships have changed the 
landscapes that NPS is supposed to conserve.  One example is Yosemite National Park, where the oak 
savannahs where created through centuries of anthropogenic burning, harvesting and seed dispersal. 
With the cessation of Miwok and Yokut Native Americans management systems, coniferous trees are 
invading these savannahs (Anderson 2005).  ‘

Mount Rainier National Park’s in� uence on Native Americans 
Mount Rainier at an elevation of 14,411 feet is the largest active volcano in the Cascade Mountain range. 
The height and breadth of this mountain and its position near the west coast of North America have 
created plant communities unmatched in scale to the surrounding region. It is these plant communities, 
especially its extensive subalpine parkland habitats, that attracted Native Americans to the slopes 
of Mount Rainier. The subalpine parklands and the alpine meadows contained plants (e.g. beargrass 
(Xerophyllum tenax) and huckleberry (Vaccinium spp.)) and animals (e.g. mountain goats (Oreamnos 
americanus) that represented unique resources not found at lower elevations (Burtchard 1998; 
Carpenter 1994; Smith 2006). 

The Nisqually are one of several tribes that have historically used resources found on Mount Rainier 
(Carpenter 1994, Schmoe 1926a, Schmoe 1926b, Schmoe 1926c, Smith 2006). The uses of these 
resources declined with the decimation of Native populations following introduction of European 
diseases. Use decreased further with the creation of the Nisqually reservation in the mid-1800s and 
Mount Rainier National Park (MORA) in 1899 (Burtchard 1998, Carpenter 1994, Carpenter 2002). 
The collection of some plant resources, however, never ended (Carpenter 1994, Schmoe 1926b).  
Recognizing long-standing traditional use, Mount Rainier National Park and the Nisqually Indian 
Tribe entered into a formal Memorandum of Understanding in November, 1998, permitting the hand 
collection of 12 plant species from park lands. In 2001, MORA’s authority to enter into plant collecting 
agreements of this sort was challenged by the environmental protection group Public Employees for 
Environmental Responsibility on the grounds that such an agreement is a violation of the Organic Act of 
1916. 

In order to develop policies that balance the NPS needs, as a federal agency, to fulfi ll treaty obligations 
that allow plant harvesting on park lands, and its primary mission of conservation, three questions 
need to be addressed. First, what is traditional plant harvesting? Second, how does harvesting aff ect 
the plants ecology? Third, if there are any ecological eff ects, do they contribute to how tribal members 
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harvest in the future. By addressing these questions NPS and Native American tribes can develop 
policies that are community and species specifi c.  

The data from my dissertation will be used by MORA and the Nisqually Tribe to establish collecting 
protocols and monitoring programs, so that the collecting agreement best meets the cultural needs of 
the Nisqually and the policy needs of the park. Also, the ethnobotanical information from my research 
will further the understanding of how Native people used the natural resources found growing in the 
subalpine and alpine biomes in the Cascades.

METHODS AND RESULTS
Documentation of Nisqually traditional plant collecting practices and methods
Since the 2007 season, I have documented traditional harvesting practices and methods by working 
with Nisqually harvesters to conduct ethnographic research through two semi-directive interviews. 
Along with the interviews I have had three experiences as participant observer, fi rst in 2007 and 
again in 2010 and 2011, to record harvest practices and plant knowledge (Bernard 2006, Huntington 
2000, Martin 1995, Schensul, et al. 1999). I was able to interview one person who is considered (by 
the Nisqually natural resource offi  ce) to be currently one of the most active plant harvesters in the 
community, in 2007 and again in 2008. For the 2007 interview a list of the plants from the collecting 
agreement was used to stimulate discussion about traditionally harvested plants. Answers to direct 
questions provided information on characteristics used to select sites and plants for harvesting. This 
interview was not recorded, which lead to the 2008 interview, when  I asked more questions that were 
focused on beargrass, such as how  it is used and what characteristics of an area indicate that it will be a 
good place to harvest.

Monitoring beargrass harvesting 
Beargrass has traditionally been used in basketry for decoration and structural integrity (Carpenter 1994, 
Gunther 1973). According to the interviews and fi eld observations, beargrass harvesting is accomplished 
by individuals who grab and pull up two to seven leaves at a time. The leaves are not from the center, 
which are the youngest, nor farthest from the center of the plant, which are the oldest, but they are 
located in between. Preferred harvesting is on top of ridges and hills. The harvesting of beargrass used 
to be a community and family activity, but the commercial harvesting has removed the easily reachable 
patches, so beargrass is now harvested in areas that elders and children cannot easily get to, except 
for MORA. In 2008 I was told that up to 15 leaves are removed from each stem. The number of leaves 
harvested depends on the size of the plant. The smallest plants are not harvested in hopes that in the 
next few years they may be the right size. Individual leaves are selected based on the width and color 
of the leaf’s base. Leaves with wide bases are preferred over narrower leaves. White bases are better 
at taking dye then the leaves with purple bases; therefore white is the preferred choice. In clumps of 
beargrass the center stems are harvested. 

From 2001 to 2003, MORA’s plant ecologists monitored the impact of traditional harvesting of beargrass 
(Kurth 2001, Kurth 2002, Kurth 2003, Kurth 2004). The monitoring eff ort was designed to provide 
information regarding the hypothesis that harvesting had no short or long term adverse environmental 
eff ects. Monitoring was accomplished by establishing six 10m by 10m plots. Three of the plots served 
as un-harvested controls, and the others were used for harvesting. In each plot 25 samples are selected 
and estimations of percent ground cover of all species are recorded. The members of the Nisqually 
Tribe harvested plants in 2001, 2002, and 2003. The preliminary conclusion of Kurth’s monitoring eff ort 
was that harvesting had no adverse eff ects on the plants, because the number of leaves harvested in 
each plot was so low (Kurth 2001, Kurth 2002, Kurth 2003). During the 2007 season I reestablished and 
measured the plots following the methods that Kurth’s crews had used. Since then I have continued to 
monitor the plots. 
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Analyzing the data has shown two trends; the fi rst is that both the control and harvested plots have 
increased in the amount of beargrass present (fi g. 1). Second, I used a student’s T-test to determine if 
there was diff erence in the amount of beargrass between the two treatments. The only year that there 
was a diff erence was 2003, where harvested plots were signifi cantly larger than the control (2003 two 
tail T-test=.038, P<0.05). With this method of estimating percent ground cover, diff erences of 20% 
or more are needed before the conclusion can be made that a change in treatments is biologically 
signifi cant even if it is statically signifi cant (Coulloudon, et al. 1999, Elzinga, et al. 1998). Because the 
diff erence between the plots in 2003 is 9.44%, which is statically signifi cant, I cannot say it is biologically 
signifi cant.

Pipsissewa monitoring 
Pipsissewa is a low-to-the-ground evergreen shrub (Biek 2000, Mathews 1999, Pojar, et al. 2004). 
There are two closely related species in the Ericacea with the common name pipsissewa, Chimaphila 
menziesii and C. umbellata. C. umbellata is a circumpolar species while C. menziesii is endemic to the 
Pacifi c Northwest (Mathews 1999). In both species of pipsissewa the main method of reproduction is 
through rhizomes (Tilford 1997). During the 2010 harvest of pipsissewa none of the harvesters ever 
remember harvesting C. menziesii.

The traditional uses of the C. umbellata are medicinal. The leaves and roots were used to treat kidney 
and urinary issues and colds (Mathews 1999, Moerman 1998). When discussing the use of devil’s club, 
Gunther (1973) reports that the Skagit boiled devil’s club root and bark with pipsissewa and cascara to 
treat tuberculosis. One of the harvesters talked about their great grandmother making two quarts per 
week, and she would drink the tea throughout the week for general health and as a pick-me-up. 
Based upon my observations, the Nisqually harvest pipsissewa by pulling the stems out of the ground 
but trying to avoid pulling the plant’s rhizome, so a few centimeters of the rhizome, if any, are removed. 
Some of the less experienced harvesters were just pulling leaves, until a more experienced harvester 
explained that the stem and leaves were collected. 

There are two hypotheses concerning the eff ect harvesting has on pipsissewa. First; there is no change 
in pipsissewa abundance, and second; there is a change in abundance. If harvesting does not change 
pipsissewa then there should be no change in percent ground cover, stem density and frequency of 
pipsissewa in harvested plots when compared to control plots. If the alternative hypothesis is correct 
then I would predict a decrease or increase in stem density, frequency and percent ground cover 
between harvested and control plots. 

I established a control and a harvested plot, each 30m by 20m. Several of the Nisqually commented on 
the abundance of pipsissewa in the monitoring plot. They said that the areas that supplied pipsissewa 
on or near the reservation have been developed, and the plant is harder to fi nd there. Monitoring 
occurred before the harvest. Between 2010 and 2011 the markers for the control plot where lost and the 
plot had to be reestablished. Within each plot are 120 samples. Each one-meter by one-meter sample 
has three quadrats: 25cm X 25m (1), 50cm X 50cm (2), and 1M X 1M (3). Frequency data were recorded 
by marking the presence of all species that occurred in the smallest quadrat, then the next two sizes 
up  (Coulloudon, et al. 1999). The nested quadrat frames used to record the frequency have four tines 
coming to a point. I measured ground cover by recording what these tines touched when laid on the 
ground (Coulloudon, et al. 1999). Stem density was measured by counting the number of pipsissewa 
stems in the smallest quadrat.   

In this paper I am not going to address the frequency analysis. Comparing harvested and control 
treatments between 2010 and 2011 indicates no eff ect of harvesting on pipsissewa. The exception is 
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that there is a statistically signifi cant increase (p<0.05) in pipsissewa between years in the control plot 
(p=0.02, P<0.05; table 1). This result is possibly caused by the slight shift of the control plot since its 
markers were lost between years.     

Western redcedar bark harvesting
Western redcedar has been called the tree of life for the Native Americans of the Pacifi c Northwest 
(Stewart 1984). To a greater extent than other evergreens, every part of western redcedar has a material 
use. The wood was harvested for housing, storage containers, canoes, and ceremonial and religious 
items. The withes (the small branches) in many coastal areas were made into ropes for whaling, and 
all along the Northwest coast it was used for bindings. The roots where also used for binding and in 
basketry. The bark of redcedar was harvested for basketry, clothing, and cordage (Lepofsky 2004, Mobley 
and Eldridge. 1992, Stewart 1984).

The focus of my study is on peeling cedar bark. Several tribal members have expressed interest in 
collecting cedar bark for making baskets. The methods for cedar bark harvesting are constant along 
the Northwest coast (Mobley and Eldridge 1992, Stewart 1984). During the spring, when the sap 
was running at a greater rate, the harvesters would select a tree where the bark did not twist around 
the trunk, make a cut at waist height, and then pull on the cut bark until it tapered to a point. The 
point where the bark was still connected to the tree required some twisting and pulling to break. The 
harvesters removed a section of the bark so as not to kill the tree (Lepofsky and Lyons 2003, Mobley 
and Eldridge. 1992, Stewart 1984). The amount of bark the Nisqually remove is either a quarter of the 
circumference of trunk or two hands width depending on the size of the tree. Though harvesting bark 
should not kill the tree it may aff ect the tree’s performance. 

The approach I have used to understand how bark peeling aff ects western redcedar’s overall 
performance is to measure the secondary growth of the tree. Secondary growth is the process by which 
trees increase their girth. Bark peeling limits phloem transport, the movement of the sugars and other 
products from photosynthesis, which are used throughout the plant for metabolism. It also aff ects water 
transport by breaking the pressure required to maintain water fl ow from the roots to the leaves, through 
the sap wood that makes up the scar face, another factor that could infl uence secondary growth and 
reduce photosynthetic rates (Salisbury and Ross 1992). Either of these processes have the potential to 
reduce secondary growth. 

By repeated measurements of the diameter of peeled and unpeeled trees throughout the year, I was 
able to see if bark removal aff ects secondary growth. If secondary growth is aff ected by bark harvesting, 
then the rate of change in girth would be diff erent between peeled and unpeeled trees. Dendrometer 
bands were installed for the duration of the study to limit the error caused by using DBH tape (Cattelino, 
et al. 1986, Keeland and Young 2007). A dendrometer band is a stainless steel tape that is wrapped 
around the tree, so that the ends overlap. A collar is placed around the overlap which allows the ends to 
slide past each other. The band is held together with a stainless spring. At the start of the study, a mark 
is placed next to the collar. As the tree increases in girth, the spring allows the band to expand, pulling 
the mark away from the collar. By measuring the distance of the mark from the collar, it is possible to 
document the tree’s growth rate (Cattelino, et al. 1986, Keeland and Young 2007). 

In the last fi ve years eight western redcedar trees have been peeled. These trees were paired with eight 
unpeeled trees of similar size. I took fi ve measurements between July 29 and November 7, 2011. Peeled 
trees average growth rate was 0.015 mm/day, and 0.009 mm/day for the controlled trees (fi g. 2). A two 
tailed paired t-test indicates that there is a signifi cant diff erence between the two treatments (p=0.025, 
p<0.05). 
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DISCUSSION
For some members of the Nisqually tribe their approach to harvesting is a product of their knowledge 
about the target species’ natural history, a belief that their use is not detrimental to the plants and a 
desire to strength their cultural identity as Nisqually through traditional practices. So far, the metrics 
I have measured reinforces their claim that harvesting does not reduce beargrass and pipsissewa 
abundance. If harvesting intensity increases it is unclear whether there will still be no measurable 
impact on these two species. 

Future research is needed to address the mechanisms underlying the lack of impact from harvesting. 
One possibility is that the beargrass and pipsissewa have a high tolerance to damage caused by 
herbivory, including human harvesting. The other possibility is that from centuries of interactions 
between the Nisqually and these plants, sustainable approaches to gathering these species have 
developed. Traditionally the time to visit Mount Rainier was restricted to a few months of late summer 
and early fall (Smith 2006). This activity was further reduced by the need to participate in other tasks, for 
example, fi shing fall salmon runs. Having known locations where abundance is high would have been 
desirable when dealing with time limitations. Therefore, practices that minimized decreases in plant 
populations could have been desirable. 

I am not confi dent that peeled western redcedar trees are growing faster than unpeeled trees as 
indicated by my analysis, because the diff erence seems so small and so little time has passed since 
start of this study that the dendrometer bands may not have settled (Cattelino, et al. 1986). To address 
these concerns I am taking measurements throughout 2011 and 2012 and am going to take cores 
from the trees in the study to measure growth rates from tree ring widths. Making the study longer 
and comparing the dendrometer growth rates to rates determined by tree ring data should clarify how 
peeling bark aff ects secondary growth. 

My results indicate that under the current conditions, harvesting beargrass and pipsissewa could 
continue without infringing on MORA’s primary mission. If conditions were to change, then an 
understanding of the biological and cultural mechanisms that shape the current relationships between 
the Nisqually and these plants would be needed to develop a policy that could address future changes. 
Besides studies such as this one, there is a need to maintain open and honest dialogue between 
national parks, local tribal governments, and environmental groups if culturally important practices such 
as plant harvesting and plant conservation are to coexist. 
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Table 1.  Average pipsissewa stem density and percent cover. The percent cover of pipsissewa in the 
control plot signifi cantly increased between 2010 and 2011. All of the other measurements show no 
signifi cant diff erence.  

2010 2011 Paired T-test
Control stem density (#/m2) 25.3 25.1 0.48

Harvested stem density (#/m2) 26.2 29.3 0.21
Control percent cover 6.09 10.63 0.023

Harvested percent cover 8.95 10.21 0.40

Figure 1. Mean percent ground cover of beargrass. Members of the Nisqually Tribe harvested in 2001, 
2002, 2003, 2010 and 2011. Overall there is no signifi cant diff erence between the control and harvest 
plots. 2003 is the only year where there is a large diff erence between the control and harvested plots. 
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Figure 2. Growth rate (mm/day) of peeled and controlled western redcedar. Statistically, peeled trees 
are growing signifi cantly faster than control trees (p<0.05). 
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Restoring Biodiversity In The
Shrub-Steppe And Strategies To

Increase Regulatory Recognition
Of Tribally Signi� cant Species

Steven O. Link1, Rico O. Cruz2, Janelle L. Downs3, and Barbara L. Harper4

ABSTRACT
Restoring full biodiversity to disturbed areas in semi-arid shrub-steppe is diffi  cult. Because many species 
have ethnobotanical uses, reestablishing diverse plant communities is an important goal.  We planted 
and seeded multiple species in disturbed areas in mid-elevation silt loam and in high elevation lithosol 
at the USDOE Hanford Site (Fitzner-Eberhardt Arid Lands Ecology Reserve) to increase biodiversity. We 
collected seed of 30 species for greenhouse germination and 31 species for fi eld seeding tests. In the 
greenhouse, maximal germination was 78.4 percent for Nestotus stenophyllus with no germination for 
fi ve species. Initial monitoring results showed that of 11 species seeded in silt loam, establishment 
ranged from zero percent for Calochortus macrocarpus to 5.4 percent for Chaenactis douglasii. 
Establishment of Washington state sensitive Erigeron piperianus was 0.085 percent. In lithosols, 16 
species were seeded with establishment ranging from zero percent for 13 species to 0.67 percent for 
state watch-list Balsamorhiza rosea. In silt loam, seedlings of six species were planted with survivorship 
ranging from 31 percent for Achnatherum thurberianum to 92 percent for Lupinus leucophyllus. 
Survivorship of planted Erigeron piperianus seedlings was 90 percent. In lithosols, 14 species were 
planted with survivorship ranging from zero percent for three species to 44 percent for Balsamorhiza 
rosea seedlings and 87 percent for Salvia dorrii. Restoring high biodiversity to disturbed sites appears 
feasible, but species were highly variable in establishment and survival. Planting seedlings was more 
successful than seeding species. Using this information, restoration strategies can be optimized for 
success and for tribal importance.

Keywords: Plant biodiversity, plant reestablishment, shrub-steppe, tribally signifi cant species

INTRODUCTION

Restoration of disturbed habitats to a condition similar to that of undisturbed habitat is diffi  cult 
and can be limited by the availability of an appropriate seed mix (Pywell et al. 2002). 

1 Steven O. Link is a botanist, Department of Science and Engineering, Confederated Tribes of the Umatilla Indian Reservation, 46411 
Timine Way, Pendleton, OR 97801; 2Rico O. Cruz is an agricultural engineer, Department of Science and Engineering, Confederated Tribes 
of the Umatilla Indian Reservation, Pendleton, OR 97801; 3Janelle L. Downs is a plant ecologist, Ecology Group, Paci� c Northwest National 
Laboratory, Richland, WA 99352; 4Barbara L. Harper is a toxicologist, Department of Science and Engineering, Confederated Tribes of the 
Umatilla Indian Reservation, Pendleton, OR 97801
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With appropriate seed, Pywell et al. (2002) found that sowing a species-rich seed mixture representative 
of undisturbed habitats into disturbed areas in British arable lands resulted in a high degree of similarity 
with undisturbed habitats after four years. Community assembly by natural colonization was slow, 
unreliable, and was not enhanced by sowing species-poor grass-dominated seed (Pywell et al. 2002).      

Lack of appropriate seed is a common limitation in ecological restoration. Lack of adequate seed is 
a characteristic of restoration at the Hanford Site in south-central Washington (Lindsey and Johnson 
2010). Lindsey and Johnson (2010) report that in 33 sites restored since 2006 only eight grass species 
were seeded and three shrubs planted, which is very low compared with 55 native species observed at 
the same sites. In an eff ort to increase the number of tribally signifi cant species, for the peoples of the 
Plateau Culture in the Columbia Basin, that can be used for restoration at Hanford we investigated the 
success of high species richness seeding and planted seedlings in disturbances.  These disturbances 
were on silt loam and lithosol (weathered bedrock at the surface with silts in cracks and a discontinuous 
thin layer on the surface) soils at Hanford.   

The objective of the study was to compare and order the species by percent survival of planted 
seedlings and the percent establishment of seeded species. This ranking allows us to evaluate relative 
success of each species and also will allow us to prioritize research eff orts to improve percent survival of 
planted seedlings and/or percent establishment of seeded species. Species that have high success can 
be integrated into restoration plans after appropriate seed increase and/or greenhouse propagation. 
Further research can be done on species that have low success. We compare the percent survival of 
planted seedlings and the percent establishment of seeded species in each soil type and compare 
responses between soil types. These tests were done in two habitats: deep silt loam soil at 377 m.a.s.l 
and lithosol at 1092 m.a.s.l.  

Finally, we present the tribal uses of the species used in the study with the purpose of increasing 
attention to these species as is done in state natural heritage programs for all sensitive native species. 
Tribal uses have been reviewed by many authors (e.g. Moerman 1998). Conserving and increasing 
the presence of tribally signifi cant species in the landscape is inherently valuable. Another value of 
increasing the species richness of restoration plantings is increasing invasive species resistance (Tilman 
1997). 

These experiments were conducted on the Fitzner-Eberhardt Arid Lands Ecology Reserve in areas 
aff ected by decommissioning of buildings, infrastructure, and debris removal actions. We propagated 
2600 selected native forb, grass, and shrub plants of 20 species in a greenhouse and applied seed of 27 
species.

METHODS

Study area
The study areas are on the Fitzner-Eberhardt Arid Lands Ecology Reserve of the Hanford 
National Monument in south-central Washington. The average annual precipitation is 16 cm, 
occurring mostly in the autumn and winter (Stone et al. 1983). Soils are classifi ed (Hajek 1966) 
as a Ritzville Silt Loam more than 1-m deep at the lower site (46° 23’30.66”N, 119° 32’12.19”W, 
377 m.a.s.l.) and a Lickskillet Silt Loam Lithosol at the upper site (46° 23’42.26”N, 119° 35’45.15”W, 
1092 m.a.s.l.).
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Seed collection and processing
Seed were collected by hand in and near the restoration areas from 2005 through the summer of 2010. 
Seeds were placed in paper bags and stored at room temperature, dry, and in the dark until cleaned. 
Seeds that were being predated by insects or that may be predated were frozen before cleaning. Seed 
cleaning was done by hand separating debris from the seed. This was done using screens, tools to rub 
the fl ower heads and seed against the screens, fans, and tweezers.  

Plant propagation
Twenty-six hundred seedlings were grown for planting in the late winter and early spring of 2011. Plants 
were grown in a climate-controlled glasshouse. Lighting was supplemented with 1000W metal halide 
grow lights. Seeds were sown in 164 ml Ray Leach Cone-tainer cells that were fi lled with a mixture of 
46.1 percent potting soil with slow release fertilizer (Miracle Grow potting mix), 46.1 percent sand, 3.8 
percent perlite, and 3.8 percent vermiculite. Seeds were sown between November 2, 2010 and January 
31, 2011. Tubes fi lled with wetted soil were planted with seeds just below the surface. The number 
of seeds planted in each pot ranged from one to ten depending on the species and the amount of 
available seed. Each 98-cell rack was an experimental unit. There was one species in each experimental 
unit.  The number of replicates or experimental units ranged from one to 10.  Germinated seeds were 
counted in each experimental unit. The number of days until maximal germination was attained in 
each experimental unit ranged from 8 to 106 days depending on the species.  Irrigation was automated 
with frequency and amount changed during the growth period to optimize germination and growth. 
Irrigation was more frequent during seed germination and less frequent during growth. Plants were 
further fertilized using Scott Miracle-Gro Nursery Select (20N-20P-20K).  Fertilizer was dissolved as 10 ml 
solid in 7.6 l water and applied by pouring over about 800 cells.  Fertilizer was applied four times from 
December 22, 2010 to January 27, 2011. 

Plant installation and seeding
Plant installation occurred from March 7 to April 7, 2011 proceeding from low to high elevation. Six 
plots were established at low elevation and nine at high elevation. Plots were circular with a radius of 
fi ve meters. Each plot was marked at the center with a numbered aluminum tag wired around a spike 
or rebar that was driven into the ground. Planting was done with dibbles and hand tools in the softer 
soils at the low elevation site. Planting was done with pry bars and dibbles in the lithosols at the high 
elevation site. The dibble was 91 cm long, the planting blade was 30 cm long, and the width of the 
planting was 7.6 cm. Plants were well watered just before installation. Planting was done by separating 
the seedling from the pot, immediately placing the seedling in the hole, and packing soil into the hole. 
Separation of the soil and plant from the pot was done by tapping on the top of the plastic tube. Care 
was taken to place the entire root system linearly in the hole without turning root tips up. Soils were 
packed around the seedlings to eliminate air pockets near roots. The upper soil surface of seedlings in 
tubes was placed a few millimeters below the surface of site soil upon planting and covered with site 
soil. In the lithosol, rocks were used to create a protected space for the seedlings. Rocks were circled 
around the plant especially on the upwind side of the seedling. Soils were wet throughout the planting 
profi le. Plants were not given supplemental water. One hundred and fourteen plants were installed in 
each low elevation plot and 119 to 142 plants were installed in each of the high elevation plots.

Seeding occurred from January 19 through February 11, 2011 proceeding from low to high elevation 
sites. Seventeen plots were established at low elevation sites and nineteen at high elevation. Plots were 
circles with varying radii. Plots at low elevation had radii ranging from 1.96 to 2.6 m depending on the 
number of seeds (7400 to 9890) sown into the plot. Plots at higher elevation had radii ranging from 1.39 
to 0.544 m depending on the number of seeds (450 to 750) sown into the plot. Each plot was marked 
at the center with a numbered aluminum tag wired around a spike or rebar that was driven into the 
ground. Seeding was done by roughing the surface with shoes, hand broadcasting the seed, covering 
the seed with soil, and walking on the surface to push in the seed.  
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Monitoring
Field monitoring occurred between June 17 and July 14, 2011. In each planted plot all live individuals of 
all planted species were counted. In the seeded plots all live seedlings of seeded species were counted. 
Enumeration was facilitated by partitioning plots into small sections. 

Tribal uses review
We conducted an extensive review of the uses of Hanford fl ora by Native Americans. This was 
done by searching the Internet using Google and by reviewing 49 books (citations available 
upon request).

Data analysis
Percent germination in the greenhouse was computed by dividing the number of live 
seedlings by the number of seeds sown and multiplying by 100. Survivorship in the fi eld 
was determined by counting the number of live seedlings within each plot and computing 
percent survival based the number of individuals planted in each plot. Percent establishment 
for seeded species was determined by dividing the observed number of individuals of each 
species by the number of seed applied. Percent data (covering a wide range of values) for 
survivorship were transformed (normalized) by

arcSin percent
100

                    (1)

and percent data (small values) for establishment were transformed by

percent + 0.5          (2)

before statistical analysis (Steele and Torrie 1960).  Data were analyzed using JMP software (SAS 
Institute 2002). Percent data are presented using untransformed data with error bars based on 
untransformed data for interpretation. Multiple range comparisons were done using the Tukey-
Kramer HSD test. Error terms are one standard error of the mean. Statistical signifi cance is set at 
α = 0.05. 

RESULTS

Percent germination ranged from zero for fi ve species to 78 for two species (Table 1). Based on 
the mean maximal germination values in table one, mean maximal germination for all species 
was 24 ± 4.5 percent.

Percent survival of Achnatherum thurberianum seedlings in the silt plots was signifi cantly 
lower than that of the other fi ve species (Fig. 1). Percent survival of Astragalus caricinus was 
signifi cantly lower than for Lupinus leucophyllus. There were no diff erences among the other 
three species (Fig. 1). 

There was no establishment from seed of Calochortus macrocarpus or Erigeron � lifolius in the 
silt soils (Fig. 1). Small numbers of Erigeron piperianus, Ericameria nauseosa, and Crepis atribarba 
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established, but means were not signifi cantly diff erent from zero. Percent establishment 
of E. nauseosa, C. atribarba, and  Helianthus cusickii were not signifi cantly diff erent. Percent 
establishment of H. cusickii, Astragalus succumbens, and L. leucophyllus were not signifi cantly 
diff erent. Percent establishment of A. succumbens, L. leucophyllus, and  Machaeranthera 
canescens were not signifi cantly diff erent. Percent establishment of L. leucophyllus, M. canescens, 
and Chaenactis douglasii were not signifi cantly diff erent. No conclusions can be drawn for A. 
caricinus (Fig. 1). 

In lithosol, mean percent survival of three species was zero and Phemeranthus spinescens 
survival was 6.7%, but the diff erences among these four species were not signifi cant (Fig. 2). 
The mean percent survival of the remaining species was above 40 percent and did not diff er 
signifi cantly among these species (Fig. 2). 

There was no establishment from seed for 13 of 16 species (Fig. 2). Only Astragalus purshii, 
Salvia dorrii, and B. rosea established from seed, but at very low rates that were not signifi cantly 
diff erent from zero (Fig. 2).

Responses in silt and lithosol were compared by lumping species in each plot. Percent survival 
of planted seedlings in silt (73 ± 2.0) was signifi cantly (p = 0.0009) greater than in lithosol (51 
± 3.5). Percent establishment from seed in silt (1.7 ± 0.23) was signifi cantly (p < 0.0001) greater 
than in lithosol (0.045 ± 0.023), which was not signifi cantly diff erent from zero. Survival of 
planted seedlings was much greater than establishment from seed in both soil types.

Thirty-four of the 39 native species (Table 1) used in this study are used by tribes with 76 per-
cent being used for food, 38 percent for fi ber, 91 percent for medicine, and 18 percent for dye. 
Seventy-four percent of species used by tribes are used for more than one purpose (Table 1).

DISCUSSION

The survival of the planted seedlings was signifi cantly higher at the low elevation silt site than 
at the high elevation lithosol site. The high elevation site has very high wind speeds (Stone et 
al. 1983), which may account for some of the losses. While we did surround the seedlings at the 
upper site with rocks the seedlings were still subjected to severe wind speeds that may have 
desiccated some of the seedlings. We observed a coarse ordering of the species by percent 
survival at the two elevations. The high variability of percent survival does not allow us to 
distinguish diff erences in survival among many of the species. We anticipate that as percent 
survival declines some species will become signifi cantly diff erent from others. We have noted 
declines in survival at another other shrub-steppe site and a more defi ned ordering of survival 
after three years (Link et al. 2011). 

Seedling emergence in the shrub-steppe is often low (Pyke 1990) and was only 2 percent 
in a variety of soil surface conditions in Wyoming (Chambers 2000). A test of high diversity 
seeding with native species on a decommissioned roadbed in Montana failed because many 
species did not establish from seed (Grant et al. 2011). Grant et al. (2011) suggest that lack 
of endomycorrhizae after soil disturbance and low seed viability may contribute to the lack 
of establishment. While it is recognized that low germination rates and slow establishment 
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are typical characteristics of native perennial plants (Schartz and Janke 1999) we did observe 
signifi cantly greater establishment from seed in the silt loam soil than in the high elevation 
lithosol. The primary diff erences between our two sites were the elevation, rocky substrate, 
and wind speed. The high winds at the high elevation site may have blown away shallow 
planted seed, desiccated the upper soil surface preventing germination, or desiccated many 
germinated seedlings. The lower site is not subjected to such severe winds.  

Many of the tribally signifi cant species used in this study survived or established at varying 
levels. A number of tribally signifi cant species failed including the two Lomatium species, 
Tetradymia canescens, Phoenicaulis cheiranthoides, Calochortus macrocarpus, and Leymus 
cinereus.  The Lomatium species and Calochortus require a physiological cold stratifi cation 
(Tilley et al. 2012, Blanke and Woodruff  2011) that we did not attempt.  The seed of T. canescens 
were not fi lled and failed.  Seed of L. cinereus did not germinate even though it does not need 
pretreatment and germination starts after seven days (Skinner 2005).  There were many other 
tribally signifi cant species that we were not able to investigate because we had not collected 
the seed.  A strategy to increase recognition of tribally signifi cant species may increase the 
attention that many other species will need to determine effi  cient propagation and re-
establishment methods.  Such increased knowledge for the full array of native species will be 
useful in attempts to re-establish highly diverse plant populations in disturbed ecosystems.  
Increasing recognition may be promoted by creating a tribal regulatory structure similar to a 
state natural heritage program that provides a ranking and status for tribally signifi cant species. 

In conclusion, we were able to establish a high diversity of native species after disturbance. 
Planting seedlings was much more successful than seeding after a few months. We will 
continue monitoring to determine the long-term success of these restoration eff orts and 
anticipate that we will recognize those species that are likely to sustain themselves and those 
species that may require more investigation to improve success. Increasing the recognition 
of tribally signifi cant species may result in more research to improve restoration success and 
eff orts to re-establish tribal sensitive species at risk. 
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Table 1.  Species used for seeding and seedling propagation with mean maximal greenhouse 
germination (± 1 standard error of the mean (sem), n). Tribal uses are food (f ), fi ber (fi ), drug (d), 
and dye (dy)

Family 
 Species

Common Name Tribal 
uses 

Mean 
maximum
germination
(percent)

1 
sem

n

Apiaceae

  Lomatium grayi Gray’s lomantium f

  Lomatium tritenatum nine-leaf lomatium f,d

Asteraceae

 Agoseris grandi� ora large-fl owered agoseris f,d 26 7.9 6

 Artemisia tridentata big sagebrush f,fi ,d 6.0 3.0 5

 Balsamorhiza rosea rosy balsamroot f,d 6.1 1.0 3

 Chaenactis douglasii false yarrow d

 Crepis atribarba slender hawksbeard f,d

 Crepis modocensis low hawksbeard f,d 31 1

 Ericameria nauseosa Gray rabbitbrush f,fi ,d,dy 1.0 1

 Erigeron � lifolius threadleaf fl eabane f,fi ,d

 Erigeron linearis desert yellow daisy f,fi ,d 21 1.1 3

 Erigeron piperianus Piper’s daisy f,fi ,d 56 9.7 10

 Erigeron poliospermus cushion fl eabane f,fi ,d 4.4 2.0 2

 Eriophyllum lanatum var.        
integrifolum

woolly sunfl ower d 0 1

 Helianthus cusickii Cusick’s sunfl ower f,d

 Machaeranthera canescens hoary aster

 Nestotus stenophyllus narrowleaf mockgoldenweed 78 1

 Tetradymia canescens gray horsebrush d 0 1

Chenopodiaceae

 Grayia spinosa hopsage f 35 2.0 3

Brassicaceae

 Phoenicaulis cheiranthoides daggerpod d 0 1

Crassulaceae

 Sedum leibergii Leiberg’s sedum 18 1

Fabaceae

 Astragalus caricinus buckwheat milkvetch f,d 64 3.3 5

 Astragalus conjunctus var. rickardii Dr. Bill’s locoweed f,d 0 1

 Astragalus purshii woolly-pod milkvetch f,d 62 8.7 5

 Astragalus succumbens Columbia milkvetch f,d

 Lupinus leucophyllus velvet lupine f,fi ,d 31 4.3 4

Grossulariaceae

 Ribes cereum squaw currant f,d 0 1

Laminaceae
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Family 
 Species

Common Name Tribal 
uses 

Mean 
maximum
germination
(percent)

1 
sem

n

 Agastache occidentalis western horsemint 58 1

 Salvia dorrii purple sage d 13 4.4 3

Liliaceae

 Calochortus macrocarpus mariposa lily f,d

Poaceae

 Achnatherum thurberianum Thurber’s needlegrass fi 62 1

 Leymus cinereus giant wildrye f,fi ,d,dy 0 1

Polemoniaceae

 Phlox hoodii Hood’s phlox d,dy 5.6 1

 Phlox longifolia longleaf phlox d 56 1

Polygonaceae

 Eriogonum sphaerocephalum rock buckwheat f,fi ,d,dy 11 6.5 3

 Eriogonum thymoides thyme buckwheat f,fi ,d,dy 10 1.7 4

Portulacaceae

 Phemeranthus spinescens spiny famefl ower 78 1

Ranunculaceae

 Clematis ligusticifolia western white clematis f,fi ,d 13 1

Scrophulariaceae

 Penstemon speciosus showy beardtongue f,fi ,d,dy 5.4 1
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Figure 1. Mean ± one standard error of the mean survival of seedlings and establishment of seeded 
species in silt (46° 23’30.66”N, 119° 32’12.19”W, 377 m.a.s.l.) about four months after planting. Means with 
diff ering letters are signifi cantly diff erent (p < 0.05).
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Figure 2. Mean ± one standard error of the mean survival of seedlings and establishment of seeded 
species in lithosol (46° 23’42.26”N, 119° 35’45.15”W, 1092 m.a.s.l.) about four months after planting. 
Means with diff ering letters are signifi cantly diff erent (p < 0.05).
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Castilleja cryptantha by Je�  Thorson
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Competition, Seed Predation And
Predicted E� ects Of Climate Change In� uence 

The Survival Of A Rare Plant Species In 
Eastern Washington:

What Are The Management Options?
Julie K. Combs1

The conservation of rare plant populations often relies on our understanding of the factors that limit 
rare species in order to successfully manage vulnerable populations. Theory on rarity suggests that 
rare plants may be more su sceptible to ecological pressures, such as, competition, herbivory, or a lack 
of pollinators compared to abundant widespread species. This study summarizes fi ve years of research 
examining factors that limit the growth and reproduction of Astragalus sinuatus L (Whited’s milkvetch), 
a narrow endemic restricted to eight populations within a 10-km2 area in Chelan County, Washington. 
Observational and experimental studies documented interactions between A. sinuatus and an invasive 
grass species (Bromus tectorum L.), native predispersal seed predators and pollinators. Astragalus 
sinuatus seedling recruitment was higher in B. tectorum removal plots compared to plots with B. 
tectorum present. Seed predators consumed 65-82% of seeds produced. Seed predation was higher for 
A. sinuatus compared to two sympatric, common congeners (A. leibergii and A. purshii). Experimental 
reduction of predispersal seed predators signifi cantly increased per capita seed set of A. sinuatus (164-
345%) at two experimental sites. Concurrently, two seed addition experiments demonstrated the eff ect 
of seed loss and presence of B. tectorum on seedling recruitment and establishment of A. sinuatus over 
four growing seasons. In the fi rst seed addition experiment, we found no diff erence in recruitment and 
establishment between low (40) and high (120) seed addition levels. In the second addition experiment 
(one level of addition; 40 seeds), we found that recruitment and survivorship increased 200% in plots 
where B. tectorum was removed compared to plots where B. tectorum was present. Trait comparisons 
suggest that high seed predation rates in the rare species refl ect a combination of factors, such as, plant 
phenology, seed predator identity and phenology, plant vigor, and plant dispersal ability. A diverse 
pollinator community was found to visit fl owers of A. sinuatus, suggesting that A. sinuatus may be an 
important resource for shrub-steppe pollinator communities. Primary fi ndings suggest that competition 
with B. tectorum and seed predation are two of the most important factors limiting A. sinuatus.

Short-term and long-term management strategies are needed in order to ensure the survival of A. 
sinuatus with special attention to the predicted eff ects of climate change. Because conservation action 
is often limited by time and resources, it is important to identify which mechanisms limit species and 

 _________________
1Julie K. Combs is currently the Program Director for a Citizen Science Early Detection Rapid Response (EDRR) 
Program in WA, University of Washington, Pacifi c Northwest Invasive Plant Council, Box 354115, Seattle, WA, 98195-
4115, USA; (jkcombs@uw.edu)
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under what circumstances. Based on our results we recommend small-scale reductions of B. tectorum, 
either by hand-pulling or using grass-specifi c herbicides around the perimeter of mature A. sinuatus 
individuals.

Trials using diff erent herbicides should be performed to ensure non-target eff ects on A. sinuatus and 
other native species in the community. Since A. sinuatus disperses seed close to the parent plant, 
short-term suppression of B. tectorum may enable seedlings to recruit and survive to a stage where 
they can coexist with B. tectorum. In addition, in populations where B. tectorum density is low (currently 
no known populations meet this criterion), short-term reduction of predispersal insect seed predators 
also may be an eff ective management approach. Manual removal of insects or short-term targeted 
uses of insecticides are two methods of insect reduction. Again, if insecticides are used, trials should be 
conducted to ensure non-target eff ects. 

There has been some disagreement in the literature concerning the use of insecticides to conserve 
rare plant. However, researchers on both sides of this debate agree that under certain circumstances, 
insecticides may be an appropriate management tool for threatened and endangered species, if care 
is taken to avoid non-target eff ects on pollinators and other community members. This study supports 
theory on rarity that suggests competition and predispersal seed predation are important mechanisms 
infl uencing both reproductive and population-level fi tness of a rare plant species. Managers should 
consider how climate changes may create feedbacks that could intensify predation and competition 
factors. For example, it is predicted that the Columbia Basin will experience milder, wetter winters and 
dryer spring–summer seasons. Since B. tectorum is a winter annual, it will most likely have a competitive 
edge compared to many species, such as A. sinuatus, that germinate or emerge later in the season. 
Additionally, the combination of drier spring–summer seasons and the presence of B. tectorum will 
likely increase fi re events that can further stimulate B. tectorum invasion. Similarly, milder winters may 
lead to an increase in the survivorship of overwintering predispersal insects, which in turn may lead to 
higher rates of predation. Thus, conservation managers developing adaptive management and research 
plans should consider how factors such as competition and predation may change in a climate altered 
future and plan accordingly.

Citizen scientists conducting rare plant surveys by Beverly Linde
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Will A Changing Climate Increase
Interaction Between Rare And

Non-Native Plant Species In Alaska?
Lindsey Flagstad1, Matthew L. Carlson2, Helen C ortés-Burns3, Catherine Jarnevich4, and Tracy Holcombe4

Non-native species represent a signifi cant threat to rare plant species in North America (Wilcove et al. 
1998), in Alaska however, very few rare plant populations are immediately threatened by non-native 
plant populations. Less than one percent of the documented critically-imperiled (G1) to vulnerable 
(G3)5 plant populations occur within one kilometer of a documented non-native plant population. 
Despite the low area of overlap between rare and non-native plants, the increasing introduction and 
spread of invasive species is concerning, particularly in the context of climate change. Approximately 
13 species and 7,000 populations of non-native plants are added to state records annually, and the rate 
of introductions is accelerating (Carlson and Shephard 2007). Additionally, the increases in temperature 
and changes in precipitation patterns predicted for Alaska are likely to expand the area of overlap 
between globally-rare and non-native plant species, thereby increasing the probability of ecological 
interactions. 

To assess the potential for increased interaction between rare and non-native plant species in Alaska, 
we modeled current and future habitat envelopes for a rare species, a non-native species, and a species 
indicative of steppe-bluff  habitats. In Alaska, steppe bluff s are considered an ecosystem of conservation 
concern and suggested to be particularly susceptible to colonization by non-native species (Roland 
1996). These habitats are sagebrush-graminoid dominated and typically occur on south-facing slopes 
adjacent to large river systems in interior Alaska. The species included here are: the rare species 
Cryptantha shackletteana L.C. Higgins, a critically-imperiled species that is narrowly endemic to steppe 
bluff s along the upper Yukon and Nabesna Rivers; the non-native species Melilotus albus Medik., which 
is an extremely invasive colonizer of open habitats, particularly along river systems and roadsides in 
Alaska; and the native sagebrush, Artemisia frigida Willd., whose presence can be used as an indicator of 
steppe-bluff  habitat in Alaska. 

Several attributes of steppe-bluff  ecosystems render them appropriate for the study of potential 
interactions between rare and non-native fl ora. First, the warm and arid microclimates of steppe bluff s 
refl ect conditions of more temperate and/or continental regions and for this reason foster a distinctive, 
azonal fl ora, which is thought to be vulnerable to invasion and is predicted to increase in extent in a 
warming climate. Second, the natural geomorphic disturbances and aridity that is thought to exclude 
colonization by trees, holds steppe bluff s in an early successional state, favoring the establishment and

1Ecologist, Alaska Natural Heritage Program - University of Alaska Anchorage, 707 A St. Anchorage, Alaska, 99501
2Associate Professor and Program Botanist, Alaska Natural Heritage Program - University of Alaska Anchorage, 707 
A St. Anchorage, Alaska, 99501
3Botanist, Alaska Natural Heritage Program - University of Alaska Anchorage, 707 A St. Anchorage, Alaska, 99501
4Ecologist, United States Geological Survey, Fort Collins Science Center, 2150 Centre Ave, Fort Collins, Colorado, 
80525
5NatureServe Conservation Status; see http://www.natureserve.org/explorer/ranking.htm for more information
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growth of all ruderals, including non-native plants. Last, steppe bluff s are typically linked by river systems
that are likely to facilitate the movement of non-native species such as Melilotus albus (Conn et al. 2008).

The native and non-native plant locations used in this modeling exercise were taken from Alaska 
Natural Heritage Program (AKNHP) and Alaska Exotic Plant Information Clearinghouse (AKEPIC) 
records, as well as collections housed at the University of Alaska Fairbanks and Tongass National 
Forest Herbaria. The study area is defi ned as the Intermontane Boreal Division of Alaska (Nowacki et al. 
2001). Habitat suitability was modeled using MaxEnt (Phillips 2006), which integrated the WorldClim 
bioclimatic variables of mean annual temperature, temperature seasonality, precipitation seasonality, 
and precipitation of warmest quarter across a two kilometer grid. Current climate was replicated by 
averaging conditions from 1980 to 2010; future climate was replicated by averaging conditions from 
2020 to 2030 under the A1B midrange emission scenario.

The results generated here indicate that suitable habitat for the rare species (Cryptantha shackletteana) 
is predicted to increase in extent, while suitable habitat is predicted to shift towards the northeast for 
both the invasive species (Melilotus albus) and the steppe bluff  indicator (Artemisia frigida). Thus, the 
potential for interaction between rare and non-native species will likely be similar in the near future 
(circa 20 years); however, assuming no dispersal limitations, these interactions may occur in a location 
more interior to the continent. In the changing climate modeled here, neither the rare plant species nor 
its endemic steppe-bluff  habitat appear to be at immediate risk of ecological degradation due to the 
impacts of non-native plants. Regardless of potential changes in future interaction between rare and 
invasive plant species, invasive species with large current and future potential ranges, such as Melilotus 
albus remain poor candidates for eradication. Limited resources should instead be focused towards 
preventing their spread to ecosystems of conservation concern, such as steppe bluff s, where rare plant 
populations could be adversely impacted.
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Monitoring Plant Biodiversity Through Citizen 
Science: A Tool To Complement Traditional 

Scienti� c Inquiry
Wendy Gibble1 and Sarah Reichard2

The coinciding pressures of environmental change and declining public funding for basic inventory 
has led many to conclude that citizen science will play an increasingly important role in monitoring 
biodiversity. Researchers have used data collected by citizen science projects to document the impacts 
of changing environments on species abundance and distribution, particularly for animal taxa. Projects 
for monitoring plant biodiversity can similarly fi ll a number of information gaps, but the degree to which 
they can provide reliable data to detect changes in plant biodiversity over time and space is less clear. 

Washington Rare Plant Care and Conservation’s (Rare Care’s) rare plant monitoring project provides a 
case study to evaluate the applicability of citizen science for mapping and tracking plant biodiversity. 
In particular, we consider whether the data produced since the project’s inception 11 years ago can 
be used to detect changes in abundance and distribution for rare plant species, whether trends in 
population sizes can be inferred from the data, and whether citizen-science can provide consistent 
quality data useful for species management and protection. The goal of the rare plant monitoring 
project is to revisit known occurrences of rare plants tracked by the Washington Natural Heritage 
Program (WNHP) in order to document the status of these species across Washington State and identify 
potential threats to known populations. Specifi c objectives include providing up-to-date information 
to land managers on status of and threats to rare plant populations, producing consistent quality data, 
revisiting populations every 5 to 10 years, identifying population trends, and engaging the public in the 
appreciation and conservation of rare native plants.

Since the project’s inception in 2001, volunteers have submitted 1,180 reports on 750 rare plant 
occurrences. These represent 20 percent of the occurrences tracked by the Washington Natural Heritage 
Program, and 30 percent of the occurrences on public lands in the state. Over three hundred and fi fty 
volunteers have participated in the project, contributing 24,800 hours. Volunteer recruitment and 
training are key components of the project to ensure that consistent, high quality data are collected. 

The success of volunteers to relocate documented occurrences depended on the date of the last 
observation recorded in the WNHP database. Occurrences observed within the last 30 years were 
successfully relocated 78% of the time, whereas older recorders were successfully relocated only 41% 
of the time. In many cases, the older records were more diffi  cult to fi nd because of imprecise mapping 
provided by the original sighting record. Sites that were not found were subsequently revisited at least 
2 more times before they were considered to have failed. To date, only 13 sites meet this criterion; 
however, more sites are still under review and pending further site visits. Volunteers also documented 97 
new populations that were not previously recorded in WNHP’s database; 56 of which were completely 
new occurrences and the remaining 41 populations were added to existing occurrences.

1Program Manager for the Washington Rare Plant Care and Conservation Program, University of Washington Bo-
tanic Gardens, Box 354115, Seattle, WA, 98195, USA, (206) 616-0780, (wjgibble@uw.edu)
2Professor in the School of Environmental and Forest Scie nces at the University of Washington and the Director of 
the University of Washington Botanic Gardens,  Box 354115, Seattle, WA, 98195, USA 
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One of the benefi ts of a citizen science project is the opportunity it provides to revisit a majority of the 
known occurrences for selected species and invest the time to make population estimates. Volunteers 
in this project provided population estimates for 482 populations over the 11-year period of the project 
and in 119 instances, the estimates were the fi rst recorded for the occurrence. For occurrences that had 
previous estimates on record, Rare Care volunteers’ estimates were larger than the older estimates 57% 
of the time, which is higher than would be expected if population sizes were not changing (χ2

 = 3.58, 
P = 0.06). The frequency of larger population estimates is attributed to the increased time volunteers 
were able to spend detecting outliers and conducting a systematic sampling. Except for small discrete 
populations in which a count of individuals could be made, population trends could not be determined 
for populations because of the inconsistent sampling methods between surveys, large interval of time 
between population estimates, and lack of precise information on the limits of surveys.

Land managers participating in this project were surveyed in 2009 to evaluate whether the goals of 
the project were being met and the data provided were of acceptable quality and being used for 
land management purposes. All 19 respondents indicated that the data quality met or exceeded their 
expectations and found the information to be useful ( x =3.2 on scale of 1 to 4), and found the mapping 
and verifi cation of species persistence to be very useful. Seventy-eight of the surveyed managers 
reported using the data to evaluate current and future land use actions and to evaluate population 
status.

In summary, this project illustrates a successful application of citizen-science projects monitoring 
native plant biodiversity. Two of the key benefi ts they provide are the ability to intensively monitor a 
suite of species across multiple jurisdictional boundaries and over long time periods, and the increased 
opportunity they provide for detecting previously undocumented populations by familiarizing the 
public with these species. Therefore, these datasets provide critically-needed information about the 
distribution, abundance and persistence of rare plant populations that is not currently being met by 
other approaches.  However, population trends are more diffi  cult to infer from the data produced at 
this time because of inconsistencies between methodologies with previous surveys, incompleteness 
of mapping for many populations, and infrequency of monitoring. We expect that, once we complete 
revisits of old records, our ability to detect population trends will improve because of increased 
monitoring frequency and better population mapping.
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The Conservation Value Of
Rare Plant Reintroduction

Edward O. Guerrant Jr.1

Three recent reviews of reintroduction, drawing on sizeable and largely non-overlapping data 
sets, have come to starkly diff erent conclusions. One (Godefroid, Piazza et al. 2011) concludes that 
“reintroduction is generally unlikely to be a successful conservation strategy as currently conducted.”  
Another (Dalrymple, Stewart et al. 2011; Dalrymple, Banks et al. 2012) states “…this review cannot 
conclusively comment on the eff ectiveness of re-introductions…”  A third (Guerrant Jr 2012) fi nds there 
is “strong evidence in support of the notion that reintroduction, especially in combination with ex situ 
conservation, is a tool that can go a long way toward meeting the need it was intended to address.”: 
supporting species survival prospects in the wild. The contradictory conclusions of the three reviews are 
explained in part by the authors using diff erent data sets, defi nitions of success, and time scales. 

Godefroid et al.’s (2011) dismal opinion of follows in part from a gulf between their defi nition of success 
and the metric they use to evaluate it. They state “Success is defi ned here as the ability of the population 
to persist and reproduce. To assess the success of a reintroduction, we focused on the survival, fl owering 
and fruiting rates of the reintroduced plants.”   They go on to assert “…the declining trends in vital rates 
over the fi rst few years of projects strengthens the conclusion that reintroduction is generally unlikely to 
be a successful strategy as currently conducted.”  

Dalrymple et al. (2011) state that their “…review cannot conclusively comment on the eff ectiveness of 
re-introductions…”  This appears due largely to a high proportion of projects for which the fates were 
unknown at the time of writing. Despite their modest summary judgment, they were able to glean 
many important insights into how reintroduction is being practiced and provide a number of valuable 
suggestions for improvement.

All three share some fi ndings, including an apparent bias in the published literature favoring 
successful projects. Beyond the common human impulse to favor good news over bad, another factor 
contributing to a potential bias is the relatively short period of time over which monitoring data are 
available. Godefroid et al (2011) note that there is “Insuffi  cient monitoring following reintroduction 
(usually ceasing after 4 years)”. Dalrymple et al (2011) report “the average monitoring time prior to 
publishing the outcome of a study is about 3 years.” Note the subtle diff erence in the way each group 
reports the duration of monitoring data. Godefroid et al (2011) appear to suggest that monitoring is 
typically done for four years at which time monitoring eff orts cease. Dalrymple et al (2011) are explicitly 
neutral with respect to whether projects were monitored or not after publication, thus their caution. 

In a response to Godefroid et al (2011), Albrecht et al (2011) question the value of short term 
survivorship data of founding individuals as a reliable measure of reintroduction success, contending 
that initial decline in survivorship after outplanting is to be expected. Indeed, this demographic cost of 
reintroduction is suffi  ciently substantial and widespread to warrant explicit consideration both during 
initial propagule collection and when planning a reintroduction (Guerrant and Fiedler 2004; Guerrant,

1Edward O. Guerrant Jr. is the Director of The Rae Selling Berry Seed Bank & Plant Conservation Program, Depart-
ment of Environmental Science and Management, Portland State University, PO Box 751-ESM, Portland, OR 97207
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Fiedler et al. 2004). Albrecht et al (2011) base their criticism on empirical data in combination with 
simulation modeling results by Guerrant and Fielder (2004. Figure 17.4). The take home message is that 
low early survival rates in founding populations is not necessarily a reliable indicator of later success. 

In contrast to Godefroid, Dalrymple et al’s (2011) caution in taking a strong a stand on whether 
reintroduction is an eff ective conservation tool is based in large part on the high proportion of 
reintroduction projects for which the status in 2009 was not known. Compared with the results of 
Guerrant (2011, plus unpublished data gathered since), the relative proportions of projects either known 
to be extant in 2009 or whose status in 2009 is unknown are strikingly diff erent. While Dalrymple et al 
(2011, 2012) report that the proportion of projects at fi ve and ten years whose status is unknown are 75 
and 78 percent, Guerrant’s fi gures are much lower (11 and 14 percent respectively). Thus Guerrant has 
a greater ability to draw stronger conclusions regarding levels of survivorship than do Dalrymple et al. 
(2011, 2012).

In using survivorship rate of founders as their measure of reintroduction success, Godefroid et al (2001) 
noted that while seed production and recruitment are also important metrics for measuring success 
of a reintroduction, such data were rarely available in the studies they review. In contrast, Guerrant 
was able to obtain data on the reproductive status of founders, production of a next generation, and 
reproductive status of individuals from the next generation on many projects.

Success in reintroduction has been defi ned in various ways often with reference to some particular 
result or series of thresholds, which once attained, indicate success. This has the implicit eff ect of 
turning reintroduction outcomes into a categorical variable having one two states: success or failure. 
Alternatively, it may be more useful 
to develop a consensus on what 
constitutes a minimally necessary and 
suffi  cient set of baseline descriptors 
to characterize the progress of a 
reintroduction.

A thorough discussion of the propriety 
of reintroduction is beyond the scope of 
this piece, but there are two particularly 
problematic areas: the removal of 
naturally occurring individuals to other 
locations, and attempts to establish 
populations outside their naturally 
occurring range. Neither practice is 
categorically inappropriate, and both 
should perhaps only be used when 
there are no other suitable alternatives.

Delphinium viridescens by Wendy Gibble
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Fritillaria camschatcensis by Holly Zox
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Modeling Ecological Niches Of Two
Closely Related Utah Endemic Plants: U.S. 
Federally Threatened Townsendia Aprica 

And Its Close Congener,
T. Jonesii Var. Lutea (Asteraceae)

Christopher Lee1, Linda Jennings2, and Jeannette Whitton3

Native to the Rocky Mountain region of North America and Mexico, Townsendia is a genus of 
charismatic composites in the tribe Astereae. Of the 27 taxa that comprise Townsendia, only seven 
are present in the Pacifi c Northwest, while 14 taxa are found in the state of Utah alone. Townsendia 
is thought to have an affi  nity for rare and unusual edaphic soil conditions. In Utah, the confl uence of 
the Great Basin and Colorado Plateau has created ideal edaphic conditions for the rapid diversifi cation 
of Townsendia. Two such plants are T. aprica S.L. Welsh & Reveal and T. jonesii var. lutea S.L.Welsh, 
herbaceous perennials endemic to central Utah. Described in 1968 and 1983, respectively, both taxa 
bear distinctive yellow-apricot coloured ray petals, a trait thought to be rare in the genus. Because 
of morphological similarity and geographic proximity, these taxa are combined as T. aprica in the 
updated Flora of North America. This change in taxonomic treatment of T. aprica and T. jonesii var. lutea 
potentially aff ects policy. Currently T. aprica is federally listed as threatened, while T. jonesii var. lutea is 
not, and joining the taxa may boost population numbers in such a way to warrant delisting T. aprica. 
Conservation concerns aside, past and current work examining isozyme variation, soil characteristics 
and molecular phylogenetics, suggest signifi cant diff erences between these taxa. To further test the 
uniqueness of these taxa, we used ecological niche models (ENMs) to estimate niche overlap and 
to compare climatic niche profi les for 19 precipitation and temperature variables collected from 
WorldClim.org. We selected the 10 most infl uential variables using principal component analysis. With 
these key variables, we utilized Maxent to predict ENMs, and then estimated niche overlap and identity 
statistics with ENMTools. We found that six of our variables were temperature related, and four were 
precipitation related, with the most important variables being mean diurnal range, isothermality and 
precipitation seasonality. Climatic niche profi les and their weighted means were then calculated and 
compared for both taxa and were found to be signifi cantly diff erent in all but two of the least important 
variables. Despite geographic proximity, the niche overlap statistics indicate that both taxa inhabit only 
marginally overlapping niches. Furthermore, a random resampling procedure and niche identity tests 
support the robustness and statistical signifi cance of these ecological niche diff erences. Taken together 
with other lines of evidence, these results suggest that the two taxa have distinct climate preferences 
with non-overlapping ENMs, and should be considered separate taxa. While this ENM methodology 
has been applied to Utah endemics, it can easily be transposed to systems in the Pacifi c Northwest and 
beyond. In addition to the identifi cation of rare, cryptic species, ENMs also have the ability to identify 
potential habitat and predict the fate of species in uncertain climatic times. 

Keywords: Townsendia, ecological niche modeling, cryptic species discrimination, Utah

1Christopher Lee (LChris@interchange.ubc.ca) is a Ph.D. student at UBC; 
2Linda Jennings is the UBC Herbarium Vascular Plant and Algae Collections Manager;
3Jeannette Whitton is the Director of the UBC Herbarium and Associate Professor at UBC. All are located at the 
University of British Columbia, Department of Botany, #3529 - 6270 University Boulevard, Vancouver, B.C., Canada, 
V6T 1Z4
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Gentiana glauca by Brenda Cunningham
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Rarity, Reintroduction, And Dynamic 
Environments: Case Studies In Northwest 

Camassia And Silene 
Susan Kephart1, Diana Lo�  in2, and Suzie Torre-Cross3

Plant genera that include both rare and common species in the Pacifi c Northwest provide a unique 
opportunity to not only explore variability in the potential causes of rarity, but to assess the value and 
success of diverse reintroduction strategies.  We linked experimental reintroductions of seeds, juveniles, 
and bulbs with assessment and monitoring of their survival and reproduction in both natural and 
restored habitats in two genera, Camassia and Silene. 

Camassia (Agavaceae) is an important spring-fl owering perennial in wet prairies and oak savannas; it is 
increasingly being used in restoration. The six species and 10 subspecies include rare and common taxa 
that exhibit ecological diff erentiation and span a broad geographic range, with the highest diversity 
centered in Oregon. Both seeds and transplanted bulbs of C. leichtlinii and C. quamash were introduced 
in 2004 into Fairview Mitigated Wetlands, Salem, Oregon by scientists and volunteers. Of over 1500 
young bulb transplants, 93 percent survived in the fi rst season, of which 66 percent produced at least 
one reproductive stem. Survival and reproductive status varied by both species and habitat; values 
for C. quamash plants exceeded those for C. leichtlinii, particularly in mesic relative to wet habitats, 
and suggest a broader habitat tolerance for C. quamash. Successful recruitment of seedlings occurred 
from seed produced by both species in subsequent years. Reproductive plants from the original bulb 
transplants are still present on site. 

In Silene douglasii, we monitored seedling establishment and survival from seed reintroductions, as 
well as juvenile densities in multiple natural sites for three varieties diff ering in rarity. Despite similar 
seed germination rates, surveys of the rarest var. oraria (known from three coastal populations) 
revealed signifi cantly fewer juveniles than for  the more common varieties douglasii, (widespread in 
the Pacifi c Northwest) and rupinae (endemic to Columbia River Gorge). Seedling survival also declined 
more rapidly than transplanted bulbs at Cascade Head, a UNESCO Biosphere Reserve; at that site, we 
reintroduced 1-2 year old juveniles of var. oraria into a formerly grazed area of the coastal headland in 
1998. The juveniles were progeny of earlier, in situ crossing studies in an adjacent natural population 
that had been historically protected from grazing. Outbred progeny from the ungrazed site showed 
8.5-15.2 % higher survival than progeny of selfed or open-pollinated plants in the initial reintroduction; 
the majority of newly recruited seedlings arose near outbred progeny. All oraria transplants showed 
varying rates of maladaptation, with signifi cantly reduced fruit and seed production relative to 
natural populations. Overall, data thus far suggest that inbreeding limits initial seedling survival and 
establishment success in this rare plant. However, recent observations, nearly 15 years after the juvenile 
reintroductions, suggest that encroaching vegetation has strongly impacted the success of all progeny 
types of rare var. oraria. Only in one of three macroplots, with less than half the vegetative cover 
height of the other two macroplots, were we able to detect budding or fl owering plants in June 2012. 

1Susan Kephart is a Professor of Biology, Willamette University, 900 State St., Salem, OR, 97301,  skephart@willamette.edu
2Diana Loffl  in is a Recreation Communications Manager, Washington Department of Natural Resources, 1111 Washington St SE, 
Olympia, WA, 98504
3Suzanne Torre-Cross is a research associate, now living at 510 24th St NE Salem, OR, 97301
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Reproductive stems of these plants ranged from 3 to 32 stems, but plant canopy areas were small 
suggesting continued maladaptation.

In summary, we evaluated populations of northwestern Camassia (Agavaceae) and Silene 
(Caryophyllaceae) in multiple years in Oregon across diverse habitats from coastal to montane prairies 
and wetlands. In all, the results of our research imply that eff ective strategies for reintroduction that 
yield positive short and long-term outcomes remain challenging and are infl uenced greatly by diverse 
factors: plot and study design, the genetic makeup of source populations, control of invasives and 
encroaching vegetation, and species variability and rarity. 

Erigeron basalticus by Richard Ramsden
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In� uence Of Invasive White
Sweetclover On Plant-Pollinator

Community Interactions
In Interior Alaska

Laura C. Schneller1, Matthew L. Carlson2, Christa P. H. Mulder3, and Katie V. Spellman4

Pollination is a critical ecosystem service that is often required for fruit set in angiosperms, which can 
be disrupted when establishment of non-native plant species alters the plant -pollinator network. 
Boreal Alaska is currently experiencing an invasion of Melilotus albus Medik., a highly rewarding plant 
to pollinators that is spreading along fl oodplains that support numerous rare plant populations, as 
well as along roadsides and burned areas (Conn et al. 2008). Alterations to plant-pollinator interactions 
may result in impacts to plant recruitment and community composition. Non-native plant species that 
are particularly attractive to pollinating insects are well-known to impact plant-pollinator networks, 
visitation rates, and fruit and seed production in co-occurring native plants (Bartomeus et al. 2008, 
Padrón et al. 2009). We used plant-pollinator observations in manipulated and non-manipulated sites 
to determine whether the plant-pollinator community structure diff ers with and without M. albus and 
to determine whether the visitation rates and fruit set of native plants diff ers in communities with and 
without M. albus.

A 1 m diameter patch of 40 greenhouse-grown M. albus was added to 11 manipulated sites; six 
additional sites in similar habitat without M. albus addition were included as control sites. Approximately 
one week after addition, we observed pollinator interactions at randomly chosen 4 m2 focal plots of 
various distances from the patch of M. albus. These plots were arranged in concentric rings at distances 
of 1-2 m, 3-5 m, 8-10 m, 15-20 m, and 25-40 m from the center of the site. We observed plant-pollinator 
interactions at each site for 75 minutes total, with one observation per distance from the M. albus 
patch. We recorded plant-pollinator interactions by plant species and pollinator guild. After pollinator 
observations were complete, M. albus plants were removed from the sites. At the end of the season, 
fruit set was measured on two species of focal native plants (Vaccinium uliginosum L. and Vaccinium 
vitis-idaea L.).

An additional 20 unmanipulated sites were chosen in pairs along the roadside on the Dalton Highway 
in interior Alaska, with and without M. albus. Sites without M. albus were a minimum distance of 300 m 
away from the nearest M. albus patch. Each site was 10 m × 20 m, with the long edge perpendicular to 
the roadway. Observations were made in eight randomly chosen 4 m2 subplots. During July 2011, we 
observed each site for 120 minutes total. Plant-pollinator interactions observed were recorded by plant 
species and pollinator guilds that could be identifi ed in the fi eld.

1Laura C. Schneller is a graduate student, Biological Sciences Department and Alaska Natural Heritage Program, University of 
Alaska Anchorage, 3211 Providence Dr, Anchorage, Alaska 99508
2Matthew L. Carlson is an Associate Professor, Biological Sciences Department and Program Botanist, Alaska Natural Heritage 
Program, University of Alaska Anchorage, 707 A Street, Anchorage, Alaska 99501
3Christa P. H. Mulder is an Associate Professor in Ecology, Department of Biology and Wildlife and Institute of Arctic Biology, 
University of Alaska Fairbanks, P.O. Box 757500, Fairbanks, AK 99775
4Katie V. Spellman is a PhD candidate, Department of Biology and Wildlife, University of Alaska Fairbanks, P.O. Box 757500, Fair-
banks, AK 99775
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Mean network connectance, the ratio of observed plant-pollinator connections to the total number of 
possible plant-pollinator connections in the network, was more than 1.5 times higher in sites with the 
invasive M. albus present for both manipulated and unmanipulated sites than sites without M. albus. 
Visitation rates to native plants in manipulated sites followed a similar trend, with native plants in sites 
with M. albus receiving approximately twice as many visits by pollinators as native plants in control sites.

The plant-pollinator network structure at unmanipulated sites was dramatically diff erent at sites with 
and without M. albus. The plant-pollinator network had lower visitation to native plants and fewer 
connections to all plants in sites without M. albus. 

Preliminary fruit set data suggests that fruit set of native V. uliginosum L. and V. vitis-idaea L. varied with 
distance to added M. albus at manipulated sites. Relative to control site means, V. uliginosum and V. 
vitis-idaea plants closest to M. albus had higher fruit set than control sites without M. albus, but reduced 
fruit set at intermediate distances of 8-20 m (V. vitis-idaea) or all orbits beyond 5 m (V. uliginosum). 

The presence of M. albus in these boreal communities impacts native plant-pollinator interactions. 
These impacts are refl ected in increased connectance, visitation rates, and complexity of the plant-
pollinator interaction network. In the short term, these relationships between M. albus, native plants, 
and pollinators may have the potential to increase seed production in some co-occurring native 
plants. However, pollen quality of native plants may be reduced by mixing with M. albus pollen 
(Spellman unpublished data) and increased seedling mortality for native plants is expected due to 
severe vegetative competition in M. albus stands (Spellman and Wurtz 2011). In addition, the increase 
in pollinator visitation suggests that M. albus has the potential to draw pollinators from nearby areas, 
potentially reducing visitation and pollination services to native plants in surrounding areas.
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Rare Plant Rescue: Conserving
Rare Plant Populations Through

Voluntary Stewardship
Sarah L.T. Vinge-Mazer 1 and Melissa A. Ranalli 2

Rare Plant Rescue (RPR) is a voluntary land stewardship program that partners with private landowners 
to conserve prairie habitat for plant species at risk and other prairie species in Saskatchewan, Canada. 
Because the prairie landscape is one of Canada’s most endangered areas, the plant diversity in southern 
Saskatchewan is at risk of being severely degraded. Specifi cally, as of 2001, only 21 percent of the 
prairie ecoregion in Saskatchewan remained as native grassland, and in highly arable areas, only two 
percent remained (Hammermeister et al. 2001). Both habitat loss (historically through cultivation) and 
degradation are major factors contributing to the decline of prairie species abundance. Landowner 
involvement in plant species conservation is crucial in southern Saskatchewan, since 40 percent of 
the remaining native grasslands are privately owned, while 60 percent are owned by the provincial 
government but are often privately managed by local landowners through lease agreements (Michalsky 
and Saunders 2009).

Rare Plant Rescue uses 16 ambassador plant species at risk to garner support for habitat conservation 
in southern Saskatchewan by engaging private landowners and land managers in their conservation. 
While the program focuses on a small number of species, ultimately an array of other prairie species 
benefi t from RPR’s habitat conservation activities. The program covers 100 percent of the provincial 
range of seven plant species at risk that are federally listed as either endangered, threatened, or special 
concern. Target areas include historical and extant locations (and surrounding areas) of these rare plants 
where habitat still exists. 

The RPR search and monitoring methodology is consistent with the Canadian Wildlife Service’s (a branch 
of Environment Canada) methodology. Rare Plant Rescue staff  also work in close partnership with a 
number of other conservation and government agencies to ensure the program is not duplicating 
others’ eff orts. Searches are conducted using cardinal direction transects and census sweeps through 
appropriate habitat. While searches allow for the collection of species’ life history, microhabitat, and 
distribution data, new locations also serve an important role as the basis for new landowner contact and 
involvement in the RPR stewardship program. Monitoring eff orts compliment searches by allowing staff  
to revisit known sites and collect information on changes to plant numbers, habitat, management, or 
threats. Further, monitoring allows relationships with landowner stewards to be strengthened over time 
through ongoing contact.

For the stewardship component of the program to be successful, it is necessary to work closely with 
landowners. Staff  usually initiate contact with a landowner through a phone call, after which they 
follow up with a one-on-one visit in the landowner’s home. This provides staff  with a chance to bring 
knowledge and information to the landowner, but also provides a venue for them to listen to the 

1Sarah L.T. Vinge-Mazer, Habitat Stewardship Coordinator, Rare Plant Rescue, Nature Saskatchewan, 206-1860 Lorne Street, 
Regina, SK S4P 2L7 
2Melissa A. Ranalli, Species at Risk Manager, Nature Saskatchewan, 206-1860 Lorne Street, Regina, SK S4P 2L7
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landowner’s experiences and input, facilitating the building of a trusting relationship. Receptiveness 
to the program can vary, but it is important for staff  to remain in contact with a landowner if the 
landowner is at all receptive, as he or she may become more involved once becoming more 
comfortable with the idea of joining the program, and after building a relationship with program staff . 

Landowners join the RPR program and commit to habitat conservation by signing a voluntary 
stewardship agreement. These agreements are an eff ective, non-threatening way to engage landowners 
in conservation because they have no legal standing; however, by signing a document, landowners 
do make a commitment in front of program staff  and family members. Even though landowners 
would remain in control of the land and their operations regardless of whether or not they sign up for 
the program, the non-binding agreement reinforces their feelings of security and control over their 
operations. Voluntary agreements can also serve as a step towards legally-binding agreements such as 
conservation easements.

There are incentives for a landowner to join the RPR program. Stewards become part of a conservation-
minded community, which includes benefi ts such as having access to resources, free workshops, a 
rewards program, and access to habitat enhancement funding programs. Having a species at risk on 
one’s land increases biodiversity, which contributes to a healthier and more productive landscape 
on which to run a farm or ranch operation. Being a part of such a stewardship program reinforces 
landowners’ commitment to good management of the land, and acknowledges that they are 
contributing to species at risk conservation while continuing to use the land as they always have (e.g., 
for cattle grazing).

Voluntary stewardship programs are an eff ective means of habitat conservation for a number of reasons. 
Firstly, informed landowners are less likely to inadvertently destroy habitat or rare species. Secondly, 
program staff  and agrologists are available to work with stewards to make suggestions on how they can 
improve their operation, and how they can make better management decisions that will benefi t the 
species at risk as well as their bottom line. Thirdly, stewardship focuses on the root of the problem of 
habitat loss and destruction and addresses some of the human activities that cause it. Most importantly, 
RPR involves and engages those who are making the land management decisions, rather than forcing 
management restrictions on them.

These claims are supported by a 2004 study of Operation Burrowing Owl (OBO), a sister program to RPR, 
and the program after which RPR was modelled. The study showed that sites which were enrolled in the 
OBO program had signifi cantly higher retention of grassland habitat than sites that were not enrolled 
(Warnock and Skeel 2004). In addition, habitat and rare plant populations have been maintained on RPR 
sites; 81 percent of the sites monitored by RPR since 2008 still support their rare plant populations, and 
native prairie habitat has been retained on all sites.3 The RPR program also continues to grow steadily, 
showing good uptake with the producer community. In only ten years of RPR’s existence, the program 
has gained 68 landowner stewards who are conserving over 67,000 acres (27,114 hectares) of native 
prairie for plant species at risk, and these numbers increase every year.

There are a number of challenges of which to be mindful to ensure the success of a program like RPR. 
While the searches and monitoring tasks for plant species at risk are very time and labour intensive, and 
it becomes easy to be consumed by those tasks, it is extremely important to remember that it is the 
stewards who are the backbone of the program and they must remain a priority. Communication with 
those stewards is also a key component of the program; some form of contact is made with them every 

3Suitable habitat remained at the other 19 percent of sites; however, the plant species of interest were annuals or biennials and 
it is suspected that they had either not germinated that year, or existed only as basal rosettes and could not be found or were 
unidentifi able. No specifi c monitoring program existed prior to 2008.
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year, even through something as simple as a newsletter, and face-to-face contact should be made every 
fi ve years or earlier if possible. Landowners also have a great deal of important and relevant knowledge 
regarding their land and its management, so it is also important to ensure that communication with 
them remains two-way and that staff  listen as well as teach. This is also an important component 
in building a trusting relationship between program staff  and stewards. Patience is a necessary 
component to building those relationships; it is important to allow landowners time to feel comfortable 
with signing up for a stewardship program, and to not aggressively seek their commitment. Resistance 
to conservation programs is occasionally encountered, usually due to the prevalence of certain myths 
about what it means in Canada if a landowner has a species at risk on his or her land. Dispelling 
myths and disseminating accurate information is an important component of a stewardship program. 
Engaging youth is also important because they can infl uence their parents’ decisions, and will grow up 
to be the next generation of land managers.

We suggest that this sort of stewardship program can be successful in any ecozone where land is 
privately owned or managed, as long as all parties involved can benefi t.
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Tauschia hooveri by Betty Swift
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Lycopodium dendroideum by Wendy Gibble
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SESSION A
CLIMATE CHANGE: OBSERVED EFFECTS ON

PLANTS AND PLANT COMMUNITIES

 Testing The Limits: E� ects Of Climate And Competition 
On Conifer Distributions In Mount Rainier National Park  

Ailene K. Ettinger1

1University of Washington, Department of Biology, Box 351800, Seattle, WA 98195-1800, USA; (206) 617-4505 (cell); (ailene@u.
washington.edu)

Global climate change is expected to cause warming and reduced snowpack in the Pacifi c Northwest. 
These changes are likely to impact the species’ distributions and therefore aff ect natural resource 
management and biodiversity conservation. We ask how important climate is in determining range 
limits of Pacifi c Northwestern conifers by quantifying relationships between climatic variables (e.g. 
snow, temperature) and growth across altitudinal ranges of six conifers on Mt. Rainier. We investigate 
growth-climate relationships at multiple life history stages (seeds, seedlings, adult trees) and fi nd that 
growth-climate relationships vary by species, elevation, and life history stage. We also examine eff ects 
of competition on conifer growth and survival across their altitudinal ranges, and fi nd that competition 
limits growth at low elevations. Our results suggest that, as temperature increases over the next century, 
conifers will likely show increased growth at treeline, but responses in low-elevation forests will be 
more idiosyncratic. These upward range shifts may lead to decreases in alpine and subalpine plant 
populations.

Arctic And Boreal Plants Decline At The
Southern Margin Of Their Range In Montana

Peter Lesica1

1929 Locust, Missoula, MT, 59802, USA; (406) 728-8740; (lesica.peter@gmail.com)

Plant ecologists unanimously agree that climatic warming occurring now and predicted to continue 
will alter the distribution of plants. Biogeographic theory predicts that species will be most sensitive 
to environmental change at the periphery of their range. Warming should aff ect populations at the 
southern (warm) margin of a species’ range before central populations. Numerous arctic and boreal 
species reach the southern margin of their range in alpine and peatland habitats of western Montana. I 
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monitored the density of 20 peripheral populations of 12 arctic and boreal species in permanent plots 
in Glacier National Park and The Nature Conservancy’s Pine Butte Preserve over the past two decades, a 
period of dramatic climate warming. Of the boreal peatland species, three declined, while two remained 
stable. Four species of arctic plants declined, two species were stable, and one species increased at one 
site but declined at the other. Overall, of the 20 populations of 12 species, ten populations showed a 
signifi cant decline; nine were stable; and only one increased. Thirty-three percent (n=6) of monocots 
declined, but 83% of dicots (n=6) declined. These results support the hypothesis that northern species 
are declining at the southern margins of their geographic ranges.

Oxytropis campestris var. wanap  by Wendy Gibble
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SESSION B
CLIMATE CHANGE: PREDICTED EFFECTS ON

PLANTS AND PLANT COMMUNITIES

Climate Change Impacts On Biodiversity In The San 
Francisco Bay Area: Models, Monitoring And The 

Management/Research Interface

1Department of Integrative Biology, University of California, Berkeley, 1005 Valley Life Sciences Building, 
94720, CA, USA; (510) 423-0634; (dackerly@berkeley.edu)

Climate change is expected to profoundly impact terrestrial vegetation. Understanding spatial variability 
of these impacts is critical to development of conservation strategies and projections of ecosystem 
services under future climates. We present a novel probabilistic modeling strategy to examine projected 
impacts of climate change on major vegetation types in the San Francisco Bay Area. The model predicts 
that vegetation patches near the edge of the climatic envelope for a particular vegetation type are 
particularly vulnerable to change; there are weak but signifi cant trends towards greater sensitivity for 
vegetation patches on cool, north-facing slopes and in valley bottoms, confl icting with commonly held 
conviction that cool environments will act as in-situ refugia. To test these projections, and associated 
challenges related to climate change, land management and biodiversity conservation, we have 
initiated the Terrestrial Biodiversity Climate Change Consortium (TBC3), in association with the Bay Area 
Ecosystems Climate Change Consortium (BAECCC). TBC3 brings together researchers from universities, 
NGOs, federal and state agencies to 1) develop and disseminate enhanced down-scaled climate 
layers for the Bay Area; 2) synthesize climate adaptation strategies and their application to regional 
conservation goals; 3) develop biotic monitoring and mapping protocols as a baseline to study long-
term change; and 4) develop and implement citizen-science reporting systems to engage a broad 
audience in biodiversity observation and monitoring. The Bay Area provides great opportunities to 
develop regional climate adaptation strategies, and to integrate research, policy and land management 
to enhance conservation and ecosystem services in a major metropolitan area.

Spatial Heterogeneity In Ecologically Relevant Climate 
Variables At Coarse And Fine Scales

Kevin Ford1, Ailene K. Ettinger, Mark Raleigh, Jessica Lundquist and  Janneke Hille Ris Lambers

1University of Washington, Department of Biology, 24 Kincaid Hall, Box 351800, Seattle, WA 98195, USA; (865) 951-3596; 
(krford@u.washington.edu)

Climate plays an important role in determining the geographic ranges of plant species. Given the 
rapid rates of climate change forecasted for the coming decades, many ecologists have predicted that 
widespread species extinctions will occur as the climate shifts faster than species can migrate. However, 
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the vast majority of quantitative range shift assessments are based on climate models with coarse 
spatial scale that ignore fi ne-scale climatic heterogeneity. This fi ne-scale heterogeneity can be critical 
to species persistence because it has the potential to provide cool microrefugia in a warming world. 
If climate varies dramatically over short distances, plants may only need to disperse tens of meters 
between microhabitats to track their climate as opposed to hundreds of meters upwards in elevation 
or hundreds of kilometers poleward. Thus, if fi ne-scale heterogeneity is great, range shift assessments 
based on coarse-scale climatic data could lead to overestimation of range shift magnitudes and 
extinction risks. To determine whether coarse-scale climate heterogeneity is greater than fi ne-scale 
climate heterogeneity, as assumed in many models, we measured climatic variables important to plant 
species distributions (snow disappearance date and soil temperature) at coarse and fi ne scales at Mount 
Rainier National Park in Washington State, USA. We found that locations separated by small distances 
(~10-20m horizontally) but diff ering by vegetation structure or topographic position often experienced 
diff erences in climate as great as locations separated by large distances (1km or more). This large degree 
of fi ne-scale heterogeneity could provide an important buff er for species against the negative eff ects of 
climate change.

Forecasting The E� ects Of Climate Change
On Rare Plant Populations

Ian A. P� ngsten1 and Thomas N. Kaye

1Department of Botany & Plant Pathology, Oregon State University, 2082 Cordley Hall, Corvallis, OR 97331, USA;  (407) 461-6462; 
(pfi ngsti@science.oregonstate.edu)

Changes in global climate could cause shifts in species distributions and therefore aff ect the
long-term dynamics of rare and endangered plant populations. Linking climate change models to
demographic models may provide useful insights into the potential eff ects of environmental changes 
on rare plants, and therefore aid in their current and future conservation. We used demographic 
models to project population sizes of several rare plant species into future climate scenarios. Population 
growth rates were calculated from demographic data sets of 7-10 years for fi ve rare, native Oregon 
plant species populations (Astragalus tyghensis, Pyrrocoma radiata, Horkelia congesta, Lomatium 
bradshawii and Lomatium cookii) at multiple sites. We developed models to predict population growth 
from environmental variables using nonlinear, nonparametric regression with observed data. Climate 
variables included total precipitation, average dew point, minimum, and maximum temperature, and 
average evapotranspiration rates during specifi c growing seasons. Next, we simulated future population 
trajectories based on 1) GCM predicted climate conditions and 2) IID conditions of our data sets without 
climate predictors. Climate was a strong predictor of most species population growth, however this 
was confounded by site variation as predictors were not equally strong across all populations among 
species. Environmental factors explained some variation in population growth rates in all fi ve species 
and may be useful in stochastic demographic models in general. Forecasts of population growth under 
climate change scenarios are more pessimistic in some plant species (P. radiata) than forecasts based on 
past conditions or IID, suggesting negative eff ects of climate change
on these rare species.
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Modeling The Diversity Of Rare And
Endemic Plants At The Landscape Scale In Denali 

National Park: Implications Of Climate Change For This 
Unique Natural Heritage

Carl A. Roland1 and Dr. Jay Ver Hoef

1Denali National Park and Preserve, National Park Service, 4175 Geist Road, Fairbanks, AK 99709, USA; (907) 455-0672; (carl_
roland@nps.gov)

We used fi eld plant species occurrence data recorded at 3063 sites to build probability of occurrence 
models for the vascular fl ora (>600 species) occurring within a 1.28 million hectare study area in Denali 
National Park. We then used a 100 m prediction raster grid to extrapolate these species models over 
the study area, which yielded spatially explicit, high resolution probability of occurrence models at a 
landscape scale for the vascular fl ora. We aggregated individual species probabilities at each raster cell 
to generate spatially-explicit estimates of rare and endemic species richness across the study area. Our 
work predicts that diversity of rare and endemic fl ora is conspicuously concentrated in tundra and other 
treeless areas of the alpine zone in Denali National Park. We discuss the results of our vascular plant 
diversity models in the context of the changing landscape of interior Alaska, using the results from our 
long term vegetation monitoring program and a large set of matched historic/modern photo pairs to 
consider the implications of a warming climate on the rare and endemic fl ora of Denali National Park 
specifi cally, and eastern Beringia more generally. We conclude that an expansion of woody vegetation, 
apparently already underway, may pose important conservation challenges for maintaining rare and 
endemic plant biodiversity in Alaska and adjacent areas of northwestern North America.

Lilies At The Limit: A Story Of Range Limits, Pollen 
Limitation, And Conservation In A Changing World

Elinore Jenkins Theobald1 and Janneke Hille Ris Lambers

1University of Washington Department of Biology, College of Arts and Sciences, Box 351800, 24 Kincaid Hall, Seattle, WA, USA, 
98195-1800; (510) 846-3230; (ellij@u.washington.edu)

What are the biological impacts of climate change? Climate envelope models predict that with climate 
warming, many species may expand their ranges towards the poles or towards mountain-tops. However, 
species range limits are also determined by biotic factors not considered in climate envelope models, 
complicating their forecasts. For example, if low seed production due to low pollinator visitation rates 
constrains population growth at a range limit, it is doubtful that a plant will expand its range to occupy newly 
available habitat unless pollinator visitation is also altered. We were interested in investigating plant-pollinator 
dynamics of Erythronium montanum (Liliaceae) to ask whether pollen transfer limits fruit set and whether the 
degree of limitation changes as we approach the range limits of the species. E. montanum is a particularly 
interesting species because it is one of the fi rst fl owers to bloom in the spring on the south side of Mount 
Rainier. As such, there is reason to suspect that this species will be among the most sensitive to a changing 
climate. We found that fruit set is lowest at the lower elevational limit and that fruit set is signifi cantly pollen 
limited at the upper elevational range. This suggests that pollen limitation determines the upper range limit 
of this species but that something else, perhaps resource limitation, sets the lower range limit. These fi ndings 
imply that as we consider the biological implications of climate change, it is essential to understand the 
complicated plant-pollinator interactions that are foundational to plant biodiversity and distribution.
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SESSION C
CLIMATE CHANGE: ADAPTING MANAGEMENT 

STRATEGIES TO OBSERVED AND 
PREDICTED EFFECTS

Generalized Provisional Seed Zones For Native Plants
 

Andrew D. Bower1, Brad St. Clair and Vicky Erickson 

1USDA Forest Service, Olympic National Forest, 1835 Black Lake Blvd. SW, Olympia, WA 98512, USA; (360) 956-2405; (abower@
fs.fed.us) 

Deploying vigorous, well adapted, and ecologically appropriate plant materials is a core component 
of a successful restoration project. The key to identifying appropriate plant materials (e.g. seeds) lies 
in understanding the genetics of adaptation through common garden studies. However, restoration 
practitioners often deploy plant species on the landscape for which no seed transfer guidelines have 
been established through genetic research. So what are practitioners to do when no seed transfer 
guidelines have been established for a species of interest? We have developed generalized provisional 
seed zones that can be applied to any plant to help guide seed movement. These seed zones area 
based on the intersection of high resolution (800m x 800m cell size) observed climatic data. The 
intersection of winter minimum temperature and annual precipitation delineates zones for trees, 
shrubs, and woody plants, while the intersection of average maximum temperature and precipitation 
is used for zones for grasses and herbaceous plants. The resulting seed zones represent areas of relative 
climatic similarity, and movement of seed within these zones should help to minimize maladaptation. 
Superimposing Omernick’s level III ecoregions over these seed zones helps to distinguish areas that 
are similar climatically yet diff erent ecologically. These provisional seed zones should be considered a 
starting point as guidelines for seed transfer, and should be utilized in conjunction with appropriate 
species specifi c information as well as local knowledge of microsite diff erences.

Patterns Of Rarity In Alaska Lichens: How Vulnerable Are 
These Species To Predicted Changes In Climate?

Brian Heitz1 and Matthew Carlson

1University of Alaska Anchorage, Biological Sciences Department, 707 A Street Anchorage, Alaska, 99501, USA; (907) 257-2780; 
(afbh2@uaa.alaska.edu)

 Recent studies in Alaska have revealed dramatically higher lichen biodiversity than previously 
considered and are challenging ideas of reduced biodiversity at high latitudes. One such study 
conducted in a 5300 ha area reported 4 lichens new to science, 17 as new to North America, 196 
taxa new to Alaska, and the largest number of lichens per unit area ever reported. Current and future 
changes in climate at high latitudes in particular emphasize the need for documentation, protection, 
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and management of lichen biodiversity in Alaska and neighboring territories. To address this need we 
calculated and assigned State Rarity Ranks of lichens in Alaska, with information gathered from research 
publications, herbaria, federal land managers, and lichen experts. A total of 62 species were ranked 
as rare or imperiled. The majority of rare species are locally uncommon, but widely distributed and 
therefore do not appear to be in immediate risk. Additional targeted surveys are required to confi rm 
the rarity ranks for this under-sampled group. Relying on atmospheric moisture and nutrients, however, 
lichens are vulnerable to environmental changes driven by climate warming and drying. In particular, 
growth rates are expected to decline if summer warming does not correspond with increases in 
precipitation; conditions that ultimately may threaten abundance and diversity of lichens. The following 
presentation provides a review of the attributes of Alaska rare lichens, with emphasis on state and global 
distributions and environmental specifi cities, and discusses the implications of these patterns for future 
conservation planning.

Genetic Considerations For Plant Material Policies In The 
Context Of Climate Change: A Forest Service Perspective

Matt Horning1

1USDA Forest Service, Deschutes National Forest, 1001 SW Emkay Dr, Bend OR, 97702, USA; (541) 383-5519; 
(mhorning@fs.fed.us) 

The USDA Forest Service (USFS) native plant policy calls for ‘genetically appropriate’ native plant 
materials for revegetation of USFS lands. Movement guidelines for these materials have historically 
been defi ned by ‘seed zones’ derived from common garden studies. These seed zones are designed to 
restrict seed movement to ensure ‘locally adapted’ materials are deployed in restoration/reforestation/
rehabilitation eff orts. However, ‘local is best’ may not be the optimal strategy given the variety and 
uncertainty of predicted future climate conditions. Consequently, USFS geneticists and others are 
using the best available science to explore how current strategies might be modifi ed to better 
adapt to uncertain future climate conditions. This presentation will discuss the types of species and 
populations that are most at risk. Moreover, this presentation will describe genetic considerations and 
recommendations that may be incorporated into a plant materials policy to possibly mitigate some of 
the eff ects of predicted climate change scenarios.

Shifting Paradigms: Results Of An International Survey 
On Restoration And Climate Change

Thomas N. Kaye1

1Institute for Applied Ecology, PO Box 2855, Corvallis, OR, 97339, USA; (541) 753-3099; (tom@appliedeco.org) 

Climate change may be the defi ning challenge to the fi eld of restoration ecology this century. How 
does the wider restoration community currently approach the challenges of habitat and species 
restoration, and how is this approach likely to shift if the climate changes locally and globally? 
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Understanding how people conduct or support restoration is crucial to engaging in discussions that 
move our fi eld forward in the face of changing environments. We conducted an international survey of 
over 1000 restoration practitioners and ecologists in 2010-11 to gather information on their perspectives 
about these issues. We asked twenty questions focused on the restoration process and obtaining 
organisms for restoration, climate change, and moving species in response to climate change. A strong 
majority of respondents (75%) believed that the practice of restoration should be modifi ed to anticipate 
climate change. For example, the practice of setting restoration goals to match historic conditions may 
become infrequent or discarded (65%). Many practitioners were cautious about moving species in 
response to climate change. Moving species beyond their historic range was unpopular but moving 
species within their historic range was generally acceptable. Also, respondents were somewhat (42%) or 
very (55%) concerned that species moved in response to climate change could become invasive. These 
survey results suggest many commonalities among restorationists regarding the major issues they face 
while conducting restoration, obtaining organisms, and responding to climate change. In particular, 
there is widespread agreement that restoration should respond to shifting climates but exactly how to 
respond remains controversial.

Integrating Prairie Habitat Components Into Trails 
Crossing Urban Environments To Assist Dispersal

Elaine M. Stewart1

1Metro Natural Areas Program, 600 NE Grand Ave, Portland, OR, 97232-2736, USA; (503) 797-1515; 
(Elaine.stewart@oregonmetro.gov) 

Urbanization in the northern Willamette Valley forms a nearly continuous band stretching from the 
Coast Range to the Cascade Range, and recent urban planning is closing the last north-south gap in 
the urban growth boundary. The urban matrix is not entirely inhospitable to native wildlife and plants; 
many species appear to fare well in the urban environment. However, prairie species are generally not 
supported there and are relegated to surrounding farmlands and reserves. As the east-west urban 
barrier solidifi es, climate change is expected to create conditions that will force many organisms to 
shift their ranges northward and/or to higher elevations. The network of urban riparian corridors, parks 
and natural areas will help many species begin those movements and range shifts. Unfortunately, the 
lack of contiguous open habitat stretching northward through the UGB may block successful dispersal 
by organisms that require it. One potential remedy is to improve habitat in linear open areas such as 
power line corridors. We are pursuing this strategy as we plan the Westside Trail project, which follows a 
north-south power line corridor for approximately 19 km from the Tualatin River south of the urban area 
to the Willamette River and Sauvie Island north of it. The power line corridor varies from about 46 m to 
76 m in width and provides an opportunity for integrating prairie plants into trail design. We intend to 
provide habitat for grassland wildlife, pollinators and the plants they depend upon. Our work will be in 
partnership with other trail planners, landscape architects, scientists, local park providers and neighbors 
along the trail corridor.
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SESSION D
DISTURBANCE ECOLOGY AND 

PLANT CONSERVATION

Biocultural Diversity: The Relationship Between Cultural 
Complexity And Ecological Diversity On The Northwest 

Coast Of North America
Joyce LeCompte-Mastenbrook1

1University of Washington, Department of Anthropology, Box 353100, Seattle, WA 98195, USA; (jklm@uw.edu) 

How might a better understanding of pre-settlement indigenous land management practices inform 
the work of biodiversity conservation on the Northwest Coast? Prior to Euro-American settlement, 
Northwest Coast First Peoples actively tended meadows and prairies from the coast to the mountains in 
order to enhance the production of culturally important plants. The use of fi re and other management 
practices likely played an important role in shaping the biocultural diversity that Euro-American settlers 
observed when they fi rst arrived. This presentation summarizes recent scholarship on the linkages 
between biocultural diversity and pre-settlement indigenous management practices amongst the 
Coast Salish of Washington State, using specifi c plants and habitats as examples. The presentation will 
also discuss the role that these anthropogenic disturbances, as well as the cessation of them, have 
played in shaping ecological diversity and landscape heterogeneity.

Early E� ects Of White Pine Blister Rust (Cronartium 
ribicola) On White Pines In Arizona And New Mexico

Christopher Edward Looney1, Kristen M Waring and Mary Lou Fairweather

1Northern Arizona University, School of Forestry, 3300 S. Gila Drive #108, Flagstaff , AZ 86001, USA; (celooney@gmail.com)

White pine blister rust (Cronartium ribicola; WPBR) is an invasive fungal pathogen causing widespread 
mortality in North American fi ve-needled pines. WPBR was fi rst detected in most white pine species in 
the early 1900’s, limiting research in unaff ected ecosystems and reducing the potential for proactive 
management. The Southwest provides a unique opportunity to document the initial impacts of the 
disease on understudied white pine species. We documented WPBR distribution and white pine forest 
structure throughout Arizona and New Mexico. In addition, we investigated the eff ects of WPBR on 
white pine growth rate and vigor. We randomly installed 50x20 m permanent plots in stands containing 
white pine basal area exceeding 6.9 m2 ha-1. We recorded species, diameter at breast height (DBH), 
WPBR presence and severity, height, crown dimensions, and Hegyi’s competition index for white pines 
>12.7 cm DBH. White pine faces heavy competition, and WPBR distribution is localized. We will present 
results related to growth impacts of WPBR, environmental and community infl uences on white pine 
forest structure and overall white pine competiveness. Our results will help inform the conservation of 
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white pines across the West through better understanding white pines’ ecological roles in the absence 
of WPBR, and the early eff ects of WPBR on tree growth. Growth decreases may negatively aff ect the 
ability of trees to compete successfully, further aff ecting white pine population fi tness and complicating 
conservation eff orts.

Rare Plants Colonize Disturbed Habitat At 
Rocky Point, British Columbia

James Miskelly1

1Canadian Forces Base Esquimalt , Department of National Defense, Formation Environment, Building 199 Dockyard, CFB 
Esquimalt, P.O. Box 17000 Station Forces, Victoria, BC V9A 7N2 , CANADA; (250)-363-7693; (james.miskelly@forces.gc.ca)

At Rocky Point, Vancouver Island, BC, Limnanthes macounii and Epilobium densi� orum have recently 
been discovered growing in a fi re break that is tilled twice each year. Both of these are annual plants 
that are usually associated with vernal pools and both are rare species, protected under the Species 
at Risk Act. The highly disturbed fi re break appears to provide a largely competitor-free environment 
where these species are thriving. Populations in the fi re break are orders of magnitude larger than 
any other known Canadian populations. The presence of these listed species in such a disturbed 
habitat raises questions about how these species should be managed, how natural and manipulated 
populations should be weighted in conservation planning, and what kind of sites should be selected for 
reintroduction or recovery eff orts. 

 

Indigenous Landscape Management, Recent 
Government Policy, And Restoration E� orts In 

Mountainous Landscapes In Washington And Sichuan

Steven J. Rigdon1, Steven Harrell, Lauren S. Urgenson, R. Keala Hagmann, Thomas M. Hinckley and Amanda 
Henck Schmidt

1University of Washington, School of Environmental and Forest Sciences, Box 352100, Seattle, WA, 98195-2100, USA; (509) 945-
3829; (sjrigdon@uw.edu)

The Yakama of Washington and Nuosu Yi of Sichuan are indigenous peoples living in mountain 
environments. For millennia they lived free of governmental authority, managing landscapes of 
forests and meadows to yield sustainable supplies of food, medicine, fuel, construction materials, and 
other subsistence goods. In recent decades the Yakama and Nuosu have lost their political autonomy 
to government control, including environmental regulation: in Washington most importantly fi re 
suppression and management for timber yields; in Sichuan forest clearings to expand agriculture and to 
fuel construction. This has resulted in biodiversity loss of both woody and herbaceous plants, changes 
in species composition (from predominantly Pinus ponderosa to Pseudostuga Menziesii in Washington, 
and from mixed conifer and broadleaf to primarily Pinus yunnanensis in Sichuan), and changes in patch 
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structure. We examine eff ects on biodiversity, species composition, and patch diversity from 1) The 
traditional landscape management practices of the Yakama and Nuosu; 2) governmental regulation in 
the last 150 years in Washington and the last 60 years in Sichuan, and 3) current eff orts at landscape 
restoration undertaken with active participation and leadership by Yakama and Nuosu. 

Managing Hydrology For Native Wetland Plants
Elaine M. Stewart1, Tina Farrelly and Alan Yeakley

1Metro Natural Areas Program, 600 NE Grand Ave, Portland, OR, 97232-2736, USA; (503) 797-1515; 
(Elaine.stewart@oregonmetro.gov) 

The conditions predicted by many climate models may cause early drying of some Pacifi c Northwest 
wetland systems, providing inhospitable conditions for late-season native emergent plants and favoring 
reed canarygrass (Phalaris arundinacea) and other non-natives. Water level management has been 
used to control invasive reed canarygrass in fl oodplain wetlands by holding water from winter storms 
to fl ood and suppress it during spring and early summer. As water is subsequently drawn down, warm-
season native plants emerge and grow. Using this strategy, wetland managers can maintain native 
wetland plant communities, at least temporarily, despite disrupted precipitation and fl ooding patterns. 
Research at Smith and Bybee Wetlands in Portland, Oregon, is providing cues to the phenology of 
native emergent plants and their relationships to hydrology. We conducted intensive vegetation and 
hydrological monitoring in 2003 (prior to structure installation), 2004, 2008 and 2009. We randomly 
established 26 permanent transects (cumulative length of 2.4 km) within the elevation zone that would 
be most infl uenced by the managed fl ooding and estimated the percent cover of all vegetation along 
the transects at 10 cm intervals. Results show increased cover of native plant communities and reduced 
cover of reed canarygrass. Native Columbia sedge (Carex aperta), water-smartweed (Polygonum 
spp.), and Pacifi c willow (Salix lucida ssp. lasiandra) cover increased. We will show the relationships of 
selected native plants to timing, depth and duration of fl ooding and discuss the potential for hydrologic 
management to sustain native communities when water availability is uncertain and water control 
structures are available.

Ecology And Human Use Of Montane Meadows: 
Connecting The Conservation Of Cultural Landscapes In 

Sichuan, China To Northwestern North America
Lauren S. Urgenson1, Julie K. Combs, Steven Harrell, Amanda Henck Schmidt, Thomas M. Hinckley, Ziyu Ma, 
and Qingxia Yang

1University of Washington, School of Environmental and Forest Sciences, Box 352100, Seattle, WA, 98195-2100, USA; (509) 945-
3829; (lsu@uw.edu)

Over the past decades there has been increased recognition throughout northwestern North America 
and elsewhere that traditional land-use has played a key role in shaping patterns of biodiversity. 
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Simultaneously, traditional land-use has declined globally; memory of traditional practices resides 
largely in older generations. There is, a strong need to understand the role that human land-use has 
played in shaping patterns of plant biodiversity in order to develop solutions for managing cultural 
landscapes before knowledge of these systems is gone. Jiuzhaigou National Park is an UNESCO World 
Heritage Site and Biosphere Reserve located on the eastern rim of the Tibetan Plateau in Sichuan 
Province, China. 1154 Tibetans reside within 4 villages in the park; traditionally agro-pastoralists, 
their lifestyle is restricted based on an assumption that traditional land-use negatively alters “natural” 
Park landscapes. An alternative view suggests traditional land-use may have been important for 
maintaining meadows and other disturbance adapted habitats. We use Jiuzhaigou as a case study 
examining the role of traditional land-use in maintaining landscape heterogeneity in a largely forested 
montane ecosystem. We combine time-series analysis of satellite images, vegetation sampling, repeat 
photography, GPS mapping, and interviews with local elders and Park staff  to document rates of 
meadow encroachment, meadow species composition, and the cultural value of meadow species. 
Through this analysis we gain an understanding of the cultural-ecological processes that maintain 
fl oristic diversity in meadow habitats over time. We relate our fi ndings to biodiversity conservation in 
cultural landscapes of northwestern North America. 

There Goes The Neighborhood: Invasion A� ects Foraging 
By Multiple Pollinators, Causing Floral Neighborhood-

Contingent Reproductive Success In Native Plants
Susan Waters1 and Janneke Hille Ris Lambers

1University of Washington, Department of Biology, Box 351800, Kincaid Hall, Seattle, WA, 98195-1800, USA; (smwaters@uw.edu)

Invasive plants can either compete with or facilitate pollinator visitation to natives, thereby infl uencing 
native seed production and ultimately, local biodiversity. To explore the indirect eff ects of invasion on 
native fi tness, we compared pollinator visitation and seedset of two native Pacifi c Northwest prairie 
forbs (Microseris laciniata and Eriophyllum lanatum) and an exotic forb (Hypochaeris radicata) in 
three fl oral neighborhoods: (i) naturally occurring high native fl oral density with concomitant low fl oral 
density of exotic H. radicata, (ii) naturally occurring high fl oral density of exotic H. radicata, and (iii) 
manipulated low H. radicata fl oral density produced by clipping infl orescences.  High exotic density 
neighborhoods reduced visitation and seedset for native M. laciniata, but facilitated visitation and 
seedset for native E. lanatum and H. radicata. Total pollinator visitation varied by fl oral neighborhood 
for each plant species, and major pollinator groups (eusocial bees, solitary bees, and fl ies) diff ered in 
their responses to neighborhood. Consequently, pollinator groups contributed diff ering proportions 
of total visitation to a plant species depending upon neighborhood. Our results show that (1) fl oral 
neighborhood aff ects the number and composition of pollinators visiting a plant; (2) the importance 
of a given pollinator group to reproduction of a given plant can be contingent on fl oral neighborhood; 
and (3) the eff ects of invaded fl oral neighborhood on foraging by diff erent pollinator groups can 
lead to either competitive or facilitative eff ects on native plants. Management plans for invaded plant 
communities should consider pollinator-mediated interactions and how invasion may infl uence native 
fi tness through pollinator-mediated eff ects.
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Using Prescribed Fire And Glyphosate To Manage The 
Invasion Of Native Prairie By Indigenous Trees, Shrubs, 
And The Exotic Invasive Grass, Smooth Brome, (Bromus 

Inermis), In Saskatchewan, Canada
Robert Wright1, Glen Longpre, Jim Smith and Kelvin Kelly

13211 Albert Street, Regina, SK, Canada, S4S 5W6; (306) 787-2914; (rob.wright@gov.sk.ca)

A long-term study to develop a best management practice (BMP) for controlling the invasion of 
indigenous trees (trembling aspen, balsam poplar, and white spruce) and snowberry, and an exotic 
invasive grass (smooth brome) into remnant native grasslands was initiated in three provincial parks in 
Saskatchewan in the early 1990s. Suppression of the natural fi re regime has allowed the encroachment 
of indigenous trees and shrubs into native grasslands in these parks. Several prescribed fi res were 
undertaken between 1994 and 2008, to control woody species invasion into these remnant grasslands. 
A wicked application of glyphosate to smooth brome (Bromus inermis), a vigorous and invasive exotic 
grass, was incorporated into the control program in 2008. Prescribed fi res are successfully controlling 
native tree and shrub invasion but the combination of burning and glyphosate wicking seems to 
be more eff ective for smooth brome control than either fi re or glyphosate alone. Height diff erentials 
between the invasive exotic grass and native plants is essential for eff ective, low-risk wicking with 
herbicide but three years of monitoring indicates that suffi  cient height diff erentials may only occur early 
in the fi rst summer following spring prescribed burning. Multiple disturbance types and a long time 
frame are essential for the development of the best management practices (BMPs) needed to restore 
these native grasslands. these native grasslands. 

Silene seelyi by Rod Gilbert
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 SESSION E
RECOVERY OF RARE SPECIES AND THE

RESTORATION OF THEIR HABITAT

Investigating The Role Of Host Plants In
Recovering Golden Paintbrush 

Eric Delvin1, Jonathan D. Bakker and Peter W. Dunwiddie

1School of Environmental and Forest Sciences, University of Washington, Seattle, WA 98195, USA; (360) 280-2460; 
(edelvin@tnc.org)

The prairies of western Washington are one of the most endangered ecosystems in the United States. 
Several rare and endangered species are associated with this habitat, including Castilleja levisecta 
(golden paintbrush), a federally threatened hemiparasite. The recovery of rare, parasitic plants such 
as C. levisecta is a challenge for restoration practitioners as the species may be limited by their host 
plant requirements in addition to the usual issues such as small population size. There is currently 
limited information on the host requirements of C. levisecta. Furthermore, we do not know whether 
the importance of host plants varies with the size of the C. levisecta plant. We tested the eff ects of host 
plant (none, Festuca roemeri, or Eriophyllum lanatum) and pot size (49 or 393 ml) on the performance 
of C. levisecta ouplanted in a tilled fi eld. Preliminary results indicate that host plants positively aff ected 
survival and fecundity compared to controls, and that C. levisecta performance varied with host 
plant identity. Pot size had no eff ect on fi rst-year performance. To date, recovery eff orts have focused 
exclusively on restoring C. levisecta to extant prairies. Our research provides a new approach to recovery 
of C. levisecta by demonstrating that it can be outplanted in severely degraded sites with no native 
component present. We are continuing to track plant performance in this experiment and are replicating 
it to confi rm the generality of these results under diff erent climatic conditions. Further research should 
examine the performance of C. levisecta when growing with other potential host plants.

A Decade Of Restoring Golden Paintbrush
(Castilleja levisecta) In Washington:

Where Are We, And What Have We Learned?
Peter W. Dunwiddie1, Theodore B. Thomas and Joseph L. Arnett

1School of Environmental and Forest Sciences, University of Washington, Seattle, WA 98195, USA; (206) 817-0899; 
(pdunwidd@uw.edu)

Golden paintbrush was listed as a threatened species in 1997. Since development of a species recovery 
plan in 2000, recovery actions have addressed a diversity of inventory, monitoring, research, protection, 
and restoration eff orts. Restoration objectives have specifi cally focused on increasing the number, 
size, and geographic distribution of golden paintbrush populations using three primary strategies: 
1) Enhancing the viability of extant populations by increasing the number of fl owering individuals 
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through augmentation planting, 2) Establishing new populations, and 3) Enhancing the suitability of 
habitats for sustaining viable populations. Of the ten extant populations in Washington, augmentation 
plantings have been carried out in four, and three of these are increasing signifi cantly. At 14 sites, 
both outplanting and seeding have been used to establish new paintbrush populations. The future of 
six of these remains uncertain, with signifi cant mortality and little new recruitment; three others are 
small but growing, one is increasing rapidly, and four have been abandoned. Habitat enhancement in 
extant and new populations (via burning, cutting, herbiciding, and mowing) has reduced competing 
vegetation at many sites, as well as reduced grazing damage (via fencing, caging, and prescribed 
burning). Overall, success appears to be dependent upon a combination of identifying suitable sites, 
locating and enhancing appropriate microsites within appropriate habitat, establishing suffi  cient 
numbers of fl owering plants to ensure abundant propagule production and dispersal, and reducing the 
impacts of key threats. Progress has been hindered particularly by continued uncertainty regarding the 
characteristics of suitable sites, microsites, and host plants

Risk Tolerance And Rare Plant Conservation 
In Paci� c Canada

Matt Fairbarns1

1Aruncus Consulting, 2130 Kings Road Victoria BCV8R 2P9, Canada; (250) 592-8752; (aruncus_consulting@yahoo.ca)  

Risk tolerance in rare plant conservation may range from very low (based on worst case scenarios) 
to moderate (based on the precautionary principle) to high (based on evidentiary approaches). 
Conservation documents relating to rare plants of Pacifi c Canada show wide variations in implicit risk-
tolerance. Examples will be drawn from work dealing with species assessment, goal-setting for recovery, 
and protection for critical habitat. Particular attention will be paid to plant species that are addressed 
by the Garry Oak Ecosystems Recovery Team and the Coastal Sand Ecosystems Recovery Team. Overall 
risk-tolerance scores were discovered to vary considerably between conservation subjects, with low 
risk-tolerance typical during the species assessment process and high risk-tolerance accepted in goal-
setting and habitat protection.

Determining The Most E�  cient And E� ective Large-Scale 
Native Seeding Techniques To Restore Native Species To 

Degraded Prairies
Sarah T. Hamman1, Jonathan D. Bakker and Eric G. Delvin  

1Center for Natural Lands Management, 120 E. Union Ave #215, Olympia, WA 98501,USA; (360) 790-4180; 
(shamman@cnlm.org)

Native prairie habitats have been nearly extirpated from the Pacifi c Northwest due to altered fi re 
regimes, habitat fragmentation and invasive species. Past eff orts to restore these landscapes have 
focused primarily on outplanting containerized seedlings of native plant species, an extremely labor-
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intensive approach. Large-scale seeding may be a viable option to increase effi  ciency, although it is 
unknown which seeding techniques are most eff ective for germination and establishment of rare prairie 
species. Because seed availability is often a limiting factor in large-scale restoration, it is also important 
to evaluate seed application rate to determine the lowest rate that provides the desired density of adult 
plants. We assessed three seeding techniques (drill, broadcast, hydroseed) and fi ve seed application 
rates (0, 2, 4, 6, 8 lbs/acre) on germination and establishment of three native prairie species (Festuca 
roemeri, Eriophyllum lanatum, Erigeron speciosus) in a large-scale, spatially- and temporally-replicated 
experiment in western Washington. We found that the site in which treatments were applied was 
more signifi cant than the method used, suggesting spatially-dependent environmental limitations on 
germination. There was a general increase in seedlings with increased application rates, but saturation 
occurred at 4 to 6 lbs/acre at most sites. Native species richness at the restoration site was the variable 
most strongly positively correlated with germination, suggesting that facilitation may play a large role 
in native plant establishment. These results will help managers select for habitat variables that support 
native plant establishment and utilize the most eff ective and effi  cient seeding techniques for large-scale 
restoration of Pacifi c Northwest prairies.

Ecological Drivers Of Seedling Establishment And
Survival Of Endangered Prairie Plants

Katherine D. Jones1 and Thomas N. Kaye

1Oregon State University, Department of Botany and Plant Pathology, 2082 Cordley Hall, Corvallis, Oregon 97331, USA; (509) 
499-1749;( joneskat@science.oregonstate.edu)

 Identifying the mechanisms that determine who lives and who dies is the fi rst step in developing 
successful restoration techniques for rare species and endangered habitats. We studied interactions 
that aff ect establishment of native plant species at the seedling stage to support the theoretical basis 
for restoration activities in Pacifi c Northwest prairies. Specifi cally, we tested the hypothesis that seedling 
establishment is controlled by 1) competition with or 2) facilitation by existing vegetation. We seeded 
Lupinus oreganus, a threatened perennial, into 20 plots with a wide range of grass in high-stress upland 
prairies at each of three sites. We counted seedlings and estimated cover of plant functional groups as 
well as litter, bare soil and disturbance. We used linear regression to test for eff ects of these factors on 
seedling establishment. We found evidence of indirect facilitation of seedling establishment in the fi rst 
year by grass: higher accumulations of leaf litter increased L. oreganus seedling numbers at two sites. 
In the second year, there was evidence of facilitation by live vegetation and litter at one site, but no net 
eff ect of either competition or facilitation at the other two sites. Overall, we found more evidence for 
positive interactions than we did for competition. In particular, litter appeared to have a positive eff ect 
on seedling establishment for this species. This is contrary to the common perception that litter inhibits 
plant establishment but supports the theory that facilitation is more
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Recovering Species On The Edge: Garry Oak And 
Associated Ecosystems In Canada

Shyanne Smith, Kathryn Martell1 and Brian Reader

1Garry Oak Ecosystems Recovery Team, 209-606 Courtney Street, Victoria, BC, V8W 1B6, Canada; (kathryn.martell@goert.ca)

The Garry Oak Ecosystems Recovery Team (GOERT) has been implementing species recovery under 
an ecosystem-based recovery strategy for more than 10 years. With more than 100 species at risk and 
only fragments of the historical landscape remaining, our approach has been to manage for individual 
species at risk as well as the broader landscape. This multi-scale recovery program, involving many 
organizations, governments, institutions and individuals, has encountered diffi  culties and celebrated 
successes over the last decade. We will outline some of our results to date, present examples of 
successful projects, and discuss challenges that we have faced. Some of our greatest challenges 
have been protecting species and habitats on private land, deciphering species needs and learning 
how to propagate rare species, and the need to do more recovery with fewer resources. Our greatest 
successes have been the result of dedicated collaboration by partner agencies working in Recovery 
Implementation Groups. These groups focus on approaches to recovery laid out in the ecosystem 
strategy and they have completed much of the required recovery planning, developed tools and 
resources for recovery action, and have developed a substantial body of knowledge about rare species, 
as well as Garry Oak and associated ecosystems. It may be argued that an ecosystem-based approach to 
rare species recovery is complicated and unwieldy, but our results demonstrate that it is both eff ective 
and sustainable.

Welcome Back: Reintroduction Of Golden Paintbrush 
(Castilleja levisecta) To Oregon

Theodore B. Thomas1 and Thomas Kaye

1U.S. Fish and Wildlife Service, 510 Desmond Drive SE, Lacey, WA 98503, USA; (360) 753-4327; (ted_thomas@fws.gov)

Golden paintbrush is listed as Threatened under the Endangered Species Act (ESA). The objective of 
this talk is to outline the process used for reintroducing golden paintbrush into prairie habitat in the 
Willamette Valley, Oregon. Historically the species was found in the Willamette Valley of Oregon, the 
Puget Sound region of Washington, and British Columbia. Its global distribution has been reduced 
to twelve populations, and it has been extirpated from the wild in Oregon since 1938. The Recovery 
Plan calls for reintroducing the species to 5 protected locations in Oregon, with the goal of sustaining 
populations with more than 1,000 plants. Habitat in the Willamette Valley is poorly understood compared 
with existing populations in Washington and B.C. Multiple pathways of inquiry within the historic Oregon 
distribution, including the Golden Paintbrush Challenge, media ads, and outreach materials confi rmed 
the regional extirpation of the species. Field surveys were conducted at historic locations and 10 sites 
characterizing the historic conditions were selected to test the species performance. Using an adaptive 
management approach, sites showing the highest survival were selected and planted with 500-1000 
seedlings in 2011. Seeding methods were also tested and opportunistic seeding will be implemented at 
sites where seeding proved successful. This translocation addresses climate change through production 
and planting of genetically diverse seed (3 pounds produced in 2011 from 4 sources), planting into a 
diversity of sites along moisture gradients, and emphasizing sites with high native cover. Signifi cant 
progress is underway toward recovery of golden paintbrush in the Willamette Valley.
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The Status Of Recovery Planning For Federally Listed 
Plant Species In Canada

Jeannette Whitton1

1Department of Botany and Biodiversity research Centre, The University of British Columbia, 3529-6270 University Boulevard, 
Vancouver, BC, V6T 1Z4, Canada; (604) 822-8863; Jeannette.whitton@botany.ubc.ca 

Since the enactment of Canada’s Species at Risk Act (SARA) in 2003, 138 vascular plant species have 
been listed as Endangered, Threatened or Extirpated. Under SARA, species in these three risk categories 
require the development of a recovery strategy and a recovery action plan to set out goals and actions 
to aid in species recovery. To date, fewer than half (58 of 138) of these recovery strategies have been 
fi nalized, and only 2 plants have fi nalized action plans. We conducted an analysis that aimed to identify 
the features of species for which fi nalized recovery strategies have been produced. We considered 
features of the species’ distribution and status outside Canada among the potential explanatory 
variables. We then examined fi nalized recovery strategies and their objectives. Our analysis considered 
the scope of population and distribution objectives, the nature of the documented threats, and the 
basis for critical habitat designation to evaluate the likelihood that signifi cant recovery is possible 
under the plan. The formalization of recovery strategies and action plans are by no means the only 
tools for achieving progress towards recovery. But as a cornerstone of Canada’s strategy for preserving 
biodiversity, the SARA legislation is expected to produce signifi cant progress in protecting and 
recovering species-at-risk. Our analysis points to defi ciencies in achieving the aims of the legislation.

Hanford Reach National Monument by Wendy Gibble
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SESSION F
REINTRODUCTION IN A CHANGING WORLD: 

HOW WELL IS IT WORKING, HOW CAN IT BE DONE 
BETTER, AND UNDER WHAT CIRCUMSTANCES IS IT 

APPROPRIATE OR NOT?

The Role Of Reintroduction In The Recovery Of Fritillaria 
gentneri: Current Successes And Future Directions

Kelly Amsberry1 and Mark Mousseaux

1Oregon State University, Department of Botany and Plant Pathology, 2082 Cordley Hall, Corvallis, OR, 97331, USA; (541) 737-
4333; (amsberrk@science.oregonstate.edu)

Fritillaria gentneri (Liliaceae) is listed as endangered by Oregon Department of Agriculture (ODA) and 
U.S. Fish and Wildlife Service (USFWS). A Recovery Plan for this species, including recommendations 
for population augmentation and reintroduction, was released by USFWS in 2003. To initiate 
implementation of the Plan, ODA, in cooperation with the Bureau of Land Management, USFWS, and 
other partners, documented sexual and asexual reproduction in this species, developed protocols for 
producing transplants, and began creating and augmenting populations as specifi ed. To determine 
the potential for using wild-collected seed in recovery projects, we evaluated seed production in 
naturally occurring populations. In the fi rst year, no fruits were produced in response to 189 within-
population pollination treatments. Later studies documented that fl owers pollinated with pollen from 
distant populations did produce seed, but at low levels. Low fi eld seed production, combined with the 
propensity for fritillaries to produce interspecifi c hybrids, limits the value of collecting fi eld-produced 
seed for recovery projects. Fortunately, mature fritillaries produce many bulblets that can be collected 
and cultivated under nursery conditions. Recovery eff orts since 2004 have focused on cultivating these 
bulblets to a robust size, then transplanting them into suitable sites within the Recovery Unit from 
which they were collected. By 2011, 17,391 bulbs had been transplanted into 17 sites. Over 4000 of 
these transplants emerged in 2011 and some are beginning to fl ower. Currently, we are evaluating the 
potential value of mixing transplants grown from geographically disjunct propagule sources in order to 
promote seed production in created populations.
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Spatial And Temporal Variation In
Plant Establishment

Jonathan D. Bakker1, Eric Delvin and Peter W. Dunwiddie

1School of Environmental and Forest Sciences, University of Washington, Seattle, WA, 98195, USA; (206) 221-3864; 
(jbakker@uw.edu)

Experiments under carefully controlled conditions, as in a greenhouse, have been criticized as having 
limited applicability because they do not adequately refl ect the heterogeneity of natural environments. 
This heterogeneity, arising from multiple sources, can aff ect the success of plant reintroductions. Our 
objective was to understand how spatial and temporal variability aff ected plant establishment in a fi eld 
restoration experiment. We conducted this experiment at four sites (two each in North and South Puget 
Sound) and in three seeding years (2009-2011), for a total of ten site-year combinations. Sites were 
abandoned agricultural fi elds initially dominated by non-native grasses. We killed the extant vegetation 
with glyphosate, burned the site to remove litter and expose bare ground, re-applied glyphosate to kill 
seedlings that germinated after the fi re, broadcast seeded a diverse mixture of 20-26 native species in 
autumn, and measured establishment (species richness, cover, and density of seeded species) in spring 
of the next year. Establishment was greater in North than South Puget Sound, and varied more among 
years than among sites within regions. Inferring when and where to apply experimental results requires 
understanding how the experimental conditions compare to the range of conditions expected in other 
sites and years. Reintroductions to new regions should be experimentally tested there rather than 
assuming that results from elsewhere are directly applicable. It is more diffi  cult to incorporate temporal 
variability into reintroduction planning, but our results suggest that without temporal

Staged-Scale Restoration: A Systematic Approach For 
Improving Restoration E� ectiveness

Peter W. Dunwiddie1, Jonathan D. Bakker and Eric Delvin

1School of Environmental and Forest Sciences, University of Washington, Box 354115, Seattle, WA, 98195-4115, USA; (206) 817-
0899; (pdunwidd@uw.edu)

In many ecosystems, restoration is increasingly focused on developing communities de novo, such 
as creating prairies in abandoned agricultural fi elds. These eff orts often face formidable challenges 
in controlling invasive weeds, selecting appropriate native species to match local site conditions, 
developing eff ective methods to establish species assemblages, securing adequate quantities of seed 
for desired species, and directing successional processes with appropriate management tools. Often, 
practitioners decide upon a restoration strategy based on anecdotal observations, inferences from past 
experience at other sites, extrapolations from ecological theory, and educated guesses. This can result 
in failures that are both costly and time-consuming. We have developed a “staged-scale” restoration 
strategy that rigorously explores multiple solutions to these problems in an adaptive management 
context, and promotes the development of more eff ective restoration protocols that are tailored to 
particular site conditions. This strategy begins by identifying several promising restoration approaches, 
selecting those that can be feasibly applied at large scales, and testing them fi rst in small, replicated 
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experimental plots. Based on the results of these small-scale tests, the most successful treatments 
are applied in scaled-up plots (e.g., 10x area) while incorporating refi nements suggested during the 
small-scale experiments. Restoration proceeds in steps by continuing to scale up the most successful 
approaches, building on accumulating experience. By delaying treatment of large areas until later in the 
process, eff ectiveness is enhanced, and the likelihood of large, costly failures is reduced. The additional 
time before treating large areas also allows practitioners to increase essential resources, such as seed 
quantity and diversity.

Experimental Reintroduction Of
Pink Sand-Verbena To Vancouver Island

 
Matt Fairbarns1

1Aruncus Consulting, 2130 Kings Road Victoria, BC V8R 2P9, Canada; (250) 592-8752; (aruncus_consulting@yahoo.ca)

Pink Sand-verbena (Abronia umbellata) has been collected from British Columbia three times over 
the past century, including one occurrence of a transient population along Clo-oose Bay in 2000. 
Widespread surveys since 2003 have failed to locate any extant populations so a re-introduction 
program was initiated using plants grown from seeds collected in 2000. A greenhouse-based program 
was used to create a large reserve of seeds and to propagate seedlings for outplanting to three 
locations. Some outplanted individuals grew well and produced abundant seed. No plants managed to 
successfully overwinter. Microhabitat conditions appeared to play a role in outplanting success. There 
was limited recruitment from the seed bank created by outplanted individuals, and those plants which 
did germinate tended to produce little or no seed. It appears that in many years, Pink Sand-verbena is 
unable to thrive on the beaches and dunes of Vancouver Island without assistance. Anecdotal evidence, 
however, suggests that it may be able to persist by replenishing its seed bank in exceptional years, 
perhaps when favourable weather conditions prevail.

Is Managed Relocation Of Rare Plants Another Pathway 
For Biological Invasions?

Sarah Reichard1, Hong Liu, and Chad Husby

1University of Washington, UW Botanic Gardens, Environmental and Forest Sciences, Box 354115, Seattle, WA, 98195, 
USA; (206) 616-5020; (reichard@uw.edu)

Most rare plant reintroductions are conducted within the historic geographic range of the species into 
previously or currently occupied sites. With climate change reintroductions may need to be potentially 
far outside that range. There is concern that these introductions will become biological invasions, 
causing environmental problems. We examine the theories of invasion biology including biotic 
resistance/resilience, propagule pressure, and the traits of invasive and rare species to evaluate managed 
relocation of rare species outside their ranges with regard to these theories. Using established Weed 
Risk Assessment (WRA) methods, we compared rare species introduced to Florida for conservation with 
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species introduced for horticultural use. We used Florida as a test because 1) an internationally accepted 
WRA has been validated for Florida and 2) local botanic gardens provided unique data on previous 
introductions. We found that WRA provides a useful method for evaluating the invasive potential of rare 
species that can be extended to other geographic areas. Each species and each reintroduction site must 
be considered individually, but managed relocations may be a safe way to preserve some species under 
global climate change.

Salix tweedyi by Bob Jackson
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SESSION G
STRATEGIES FOR IMPLEMENTING CONSERVATION: 

PARTNERSHIPS, OUTREACH, AND PUBLIC ENGAGEMENT

Kincaid’s Lupine (Lupinus oreganus) On Boistfort Prairie:
A Conservation Success Story

Joseph L. Arnett1

1Washington Natural Heritage Program, Department of Natural Resources, 1111 Washington Street, PO Box 47016, Olympia, WA 
98501, USA;(Joseph.arnett@dnr.wa.gov)

In 1986, during a fl oristic inventory of the Willapa Hills, Cathy Maxwell discovered a small population 
of Kincaid’s lupine by an old cemetery in the Boistfort Valley in Lewis County, Washington. This species 
had previously been considered to be a Willamette Valley endemic; six years later, she noticed another 
small patch in a pasture nearby owned by John and Mary Mallonee. Her discoveries took on greater 
signifi cance in 2000, when Kincaid’s lupine was listed as threatened under the Endangered Species Act, 
and the Mallonee’s land was proposed as critical habitat. Because their organic dairy practices appeared 
to provide ideal habitat conditions for the lupine, the Mallonees were able to prepare a management 
plan as an alternative to having their land designated as critical habitat. The plan, developed with 
support from federal and state agencies, was the beginning of a rewarding relationship between the 
Mallonees and the broader conservation community. The Mallonees have been enthusiastic about the 
rare plants on their property and that its habitat needs are compatible with their use of the land. With 
support from Organic Valley Family of Farms, for the past fi ve years the Mallonees have sponsored a 
“Lupine Field Day” in Boistfort. A slide show is presented in the grange hall, free lunch is provided by 
Organic Valley, and the Mallonees lead fi eld trips through the prairie habitat on their farm. An added 
benefi t has also appeared: four additional species with state rare plant status have been found on their 
land in the subsequent years.

Tanoak Refuge: Intervention For A Threatened
Traditional Food Plant

Frederica Bowcutt1

1The Evergreen State College, 2700 Evergreen Parkway NW, Lab II ,Olympia, WA 98505, USA; 
(bowcuttf@evergreen.edu) 

A century ago a non-native disease inadvertently introduced on an infected garden plant began to 
spread in North America’s eastern deciduous forests. Within decades the once widespread American 
chestnuts succumbed to chestnut blight and no longer produced nutritious nuts for people, livestock, 
and wildlife. Today, a similar fate may await a West Coast native nut tree: tanoak (Notholithocarpus 
densi� orus). Since the horticultural trade accidentally introduced sudden oak death (SOD) to North 
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America, over a million tanoaks have died and an unknown number are infected. First detected in 
California in 1995, this exotic disease is spreading despite government eff orts. Currently no cure exists 
and thus far tanoak exhibits little genetic resistance. Fortunately large areas remain uninfected. The 
southern most tanoak populations near Santa Barbara and inland populations away from the coast are 
probably too dry to support SOD. However, computer models rank uninfected areas on the north coast 
of California as high risk for infection.  Plant pathologists recommend timely establishment of tanoak 
refuges prior to the projected exponential growth of North American SOD populations estimated to 
occur roughly in 2016. Based on spatial analysis, potential refuges are identifi ed. Traditional ecological 
practices that foster tanoak wellness are also explored. Lessons learned from the chestnut blight 
response are discussed in relation to the current threat to biodiversity posed by SOD. Tanoak deserves 
more conservation attention due to its cultural and ecological importance. This magnifi cent tree, 
along with its relative American chestnut, remind us that even common plants can rapidly become 
threatened.

The New Native Seed Network
Rob Fiegener1

1Institute for Applied Ecology PO Box 2855, Corvallis, OR 97339, USA; (541) 753-3099 ext.201; (rob@appliedeco.org)

Prior versions of the Native Seed Network have presented an online directory to seed suppliers and 
profi les of commercially available native plant materials. The new Native Seed Network complements 
this with a social platform for collaboration, bridging the gap between academic journals and your 
personal inbox. This online community is an accessible and informal way to advance the goals of plant 
conservation. The site off ers public and private workspaces for sharing information and experiences 
among an audience of conservation professionals. Discussions, wikis, and document repositories are all 
available within a group context to facilitate organization of content and build partnerships. Groups are 
regional or topical and can originate organically to address emerging interests. As participation in the 
community increases, we are building an invaluable repository of our collective experiences with the 
multiple facets of plant conservation, from collecting seed and growing seedlings through restoring 
and maintaining ecosystems. This talk will provide (1) an overview of this new tool, (2) a tutorial on 
how to get engaged, and (3) discussion about the needs of the audience and how online collaborative 
tools can – and can’t – meet them. Ultimately, the new Native Seed Network is off ered as the place to 
continue the conversations taking place at this conference, build relationships among attendees, and 
advance the science and practice of conservation.
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Don’t Believe That Database! Potential Problems 
With The Use Of Digital Herbarium Records In Plant 

Conservation
Linda Jennings1, Amber Saundry, and Jeannette Whitton

1University of British Columbia, UBC Herbarium 3529-6270 University Boulevard, Vancouver, BC, V6T 1Z4, Canada; (604) 822-
3344; (linda.jennings@beatymuseum.ubc.ca) 

The availability of digitized herbarium records facilitates documentation of past and current plant 
distributions and abundances. However, information from databases can potentially mis-inform 
conservation and restoration. While some problems are common to collections whether they are 
digitized or not, others are unique or more likely to go undetected if specimens are not examined. 
Data entry mistakes, and challenges with specifying geolocations can introduce errors or uncertainty 
to inferred distribution ranges. Furthermore, when data are shared among institutions, data integrity 
can be eroded, as updates to specimens at the source may not reach these peripheral resources. 
These sources of uncertainty will have a greater impact on species with few known locations, which 
includes many of the targets of conservation. We will use examples from BC rare plant data to illustrate 
some these features of databases, and discuss their possible impacts on conservation eff orts. Our 
key recommendation is that while such digital resources provide a gateway to the wealth contained 
in collections, validation through direct accessing of the collections and verifying and vouchering 
observational reports remain vital components of our eff orts to document the fl ora.

“From Salmonberry To Sagebrush” -
Engaging The Public In Native Plant Curricula

Stacy Moore1, Jody Einerson and, Jennie Cramer

1Institute for Applied Ecology, 563 SW Jeff erson Ave, Corvallis, Oregon, 97330, USA; (541) 753-3099; (stacy@appliedeco.org)
 

Resource Professionals and teachers are challenged to fi nd environmental curricula that are placed-
based and relevant to engaging the public and students outdoors. “From Salmonberry to Sagebrush: 
An Exploration of Native Plants” is an innovative framework model that can be applied nationwide. 
Designed to be ecoregionally-based, the curriculum gives professionals the tools to customize lessons 
for the place they work. The workshop session will lead professionals through history and guidelines for 
developing native plant curriculum. Participants will be given hands on exploration of sample lessons 
followed by guidelines for adapting the curriculum to their region. All participants will be given a free 
copy of the curriculum. The book includes seven chapters: Plant Identifi cation; Ecoregions; Ecology of 
Native Plants and pollinators, Natives/non native plants, Ethnobotany, Climate Change/Native Plants; 
and The Future of Native Plants. The chapters explore interactions between plants, soil, animals, people, 
and climate change. The curriculum works to connect professionals to resources in their ecoregion 
leading to meaningful community service, and engaging the public in citizen science that is relevant to 
both the learner and the community. Lessons introduce the public to the skills needed to work on local 
conservation projects and encourage building agency partnerships.
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Sisyrinchium sarmentosum (Pale Blue-Eyed Grass) 
Conservation Strategy And Agreement

 

Mt. Adams Ranger District, Giff ord Pinchot National Forest, 2455 Hwy 141, Trout Lake, WA, 98650; (509) 395-3414; 
(aruchty@fs.fed.us) 

Sisyrinchium sarmentosum is a small member of the Iridaceae family found in south-central Washington 
and north-central Oregon, where it grows in seasonally wet meadows. There are twenty-two 
documented occurrences of S. sarmentosum, worldwide. S. sarmentosum is a Forest Service Region 
6 Sensitive Species in both Oregon and Washington. In 2009, the U.S. Fish and Wildlife Service 
announced a 90-day fi nding on a petition to list S. sarmentosum as threatened or endangered under the 
Endangered Species Act; this fi nding determined that listing of this species may be warranted. 
Region 6 Forest Service Sensitive Species policy requires the agency to maintain viable populations 
of all native species in habitats throughout their geographic range. In addition, management actions 
must preclude a trend towards federal listing. A Conservation Strategy and Conservation Agreement 
were prepared to address these objectives for S. sarmentosum. The Conservation Strategy describes the 
management actions necessary to maintain a high likelihood of well-distributed populations across 
the species’ range, and avoid a trend toward federal listing. The Conservation Agreement formally 
documents the responsibility and timeline for achievement of these actions. The S. sarmentosum 
Conservation Strategy and Agreement were prepared through collaboration between the Forest 
Service, other federal and state agencies, academia, and private entities. This presentation describes the 
collaborative process used to develop these documents, a powerful approach to conservation of a rare 
species on federal land.

Synthyris pinnati� do var. lanuginosa by Richard Ramsden
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SESSION H
TAXONOMY, ECOLOGY, AND POPULATION DYNAMICS

OF RARE AND ENDANGERED PLANTS

Decline And Persistence Of Persistentsepal Yellowcress 
(Rorippa columbiae) In Remnant Free-Flowing Segments 

Of The Columbia River In Washington
Joseph  L. Arnett1, Janelle Downs, Pamela Camp, Peter W. Dunwiddie, Heidi Newsome, Richard Easterly, Debra 
Salstrom, Kathryn Beck, and Florence Caplow

1Washington Natural Heritage Program, Department of Natural Resources, 1111 Washington Street, PO Box 47016, Olympia, WA 
98501, USA; (Joseph.arnett@dnr.wa.gov)

Rorippa columbiae, endangered in Washington, is a prostrate rhizomatous perennial that grows 
between high and low water levels on riverbanks and lakes; the two known occurrences in Washington 
occur in cobbles along the Columbia River. Along the Hanford Reach, the Bureau of Land Management 
has monitored island sites on fi ve permanent transects. Populations have plummeted, from counts 
of approximately 3,200 stems in 1994 to 30 stems in 2009. Pacifi c Northwest National Laboratory has 
monitored numerous other sites since 1991. Populations have declined since 1993 at downstream 
locations, persisting at higher riverbank elevations than previously. Conversely, botanists have also 
observed extremely large numbers of stems in some areas and have reported the appearance of plants 
in new areas. Although sexual reproduction may be limited by inundation, plants appear to thrive 
when water levels decrease long enough for plants to emerge and grow. Downstream from Bonneville 
Dam, The Nature Conservancy monitored an occurrence in 1991 and 1992 on six permanent transects 
and more recently has recording the presence or absence of the species in each of 425 40-meter 
GIS generated hexagons. Presence has varied from 13 percent in 2000 to 33 percent in 2001, with 
intermediate counts in 2007. We speculate that most riparian habitat for this species was lost as dams 
were constructed along the Columbia River. More recent changes are likely due to higher water levels 
remaining into summer and fall. Siltation and invasion by noxious weeds, notably false indigo (Amorpha 
fruticosa) in the downstream population, may also exacerbate decline.

Lessons Learned About Practicable Rare Plant 
Monitoring

Joseph L. Arnett1

1Washington Natural Heritage Program, Department of Natural Resources, 1111 Washington Street, PO Box 47016, Olympia, WA 
98501, USA; (Joseph.arnett@dnr.wa.gov)

Many monitoring eff orts prove to be too labor intensive to be continued regularly or consistently and 
fail to adequately document population trend or size. Recovery planning requires population records 
extending for years and according to defi ned criteria. We recommend that monitoring be prioritized 
to achieve, by the simplest, least labor intensive, and most repeatable method, the following three 
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objectives: An estimation of population size, using the criteria in the species recovery plan: 
A simple count of fl owering individuals may be the quickest and most precise method of tracking 
population size; a few rhizomatous species are tracked by estimates of foliar cover. Labor intensive 
measurements of plant dimensions are more often collected than analyzed, likely to vary more 
widely than population size, and may draw resources away from frequent population monitoring. If 
required, numbers of vegetative plants may be extrapolated from a sample. An e�  cient method 
for detecting trend over time: In populations several times larger than the recovery criterion for 
size, transects in marginal areas may be eff ective for monitoring expansion or contraction of the 
population; frequent census may not be necessary. A spatial record of distribution: Maintaining 
data according to explicitly defi ned subareas provides opportunities to evaluate spatial changes; 
it also allows observations of portions of large populations to be tracked, even when monitoring 
the entire population cannot be accomplished. The design of a spatial arrangement depends on 
the characteristics of each site. Finally, we stress the importance of an accessible and secure central 
repository for data.

Vascular Plant Endemism In Northwestern North 
America: Mapping Regional Endemics And Detecting 
Hotspots With A Biogeographical And Conservation 

Context
Curtis R. Björk1

1Stillinger Herbarium, University of Idaho, Moscow, ID, 83843, USA; (250) 674-2553; (crbjork@gmail.com)

Vascular plant conservation eff orts often favor regions identifi ed as hotspots of endemism, necessitating 
that all hotspots be identifi ed non-subjectively within a greater geographical context. The present 
study is the fi rst in northwest North America applying non-subjective methods to detect hotspots 
of endemic vascular plants. From the native fl ora northwest North America, 1723 taxa were retained 
after fi ltering taxa more widespread than an upper threshold of geographical extent. Border endemics 
(straddling the boundary of the study area) were retained. Using an even grid, herbarium and selected 
literature records were entered as presence/absence data for each grid cell. Values were calculated both 
for endemics richness and endemicity scores. The Siskiyou region of southwest Oregon and adjacent 
California is richest in regionally endemic plants of the highest endemicity scores. Other major hotspots 
occur elsewhere in Oregon, Idaho and Washington. Some regions identifi ed as hotspots in previous 
studies were found to have only low to moderate richness of regionally endemic plants and endemicity 
scores. Nearly the entire region that was under continental ice sheets during the Pleistocene is very 
poor in regional endemics. Southern unglaciated regions are generally much richer in endemics and of 
higher endemicity than northern unglaciated regions. Factors of climate, geology, glacial history and 
vegetation are cited as likely causes of some regions’ richness of endemics and high endemicity, and 
current threats to hotspots are highlighted. These results underscore the importance of non-subjective 
identifi cation of regional endemics, and the need to avoid considering only jurisdictional endemics in 
conservation eff orts.
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Rare Plants In Uncommon Ecosystems: Informal Fen 
Studies On Five PNW National Forests

Richard Dewey1

1Deschutes National Forest, 63095 Deschutes Market Road, Bend, OR, 97701, USA; (541) 383-5725; (rdewey@fs.fed.us)

Funding from the USFS/BLM Interagency Special Status and Sensitive Species Program, from the 
USFS R6 Minerals and Geology program, and from forest-level projects has allowed the author to 
conduct informal studies of fens on four “eastside” national forests in Oregon and one national forest 
in Washington. These studies usually include a plant inventory, soil probes with a 5’ fi berglass rod, 
notes concern ing surface wetness and a brief assessment of wetland condition. On one forest, 
this information is being supplemented by installation of a series of subjectively placed 4x4 meter 
vegetation plots with paired wells for monitoring water table behavior. Initially, these studies were 
undertaken due to a developing awareness of the remarkable assemblage of rare and uncommon 
plants - especially bryophytes - that are found only, or largely, in these peatland-meadow complexes. 
It was subsequently realized that these peatland-meadow complexes are themselves variously rare 
or uncommon groundwater-associated ecosystems with important historic functions such as being 
“hotspots” of biodiversity and carbon sequestration. Fieldwork and literature review has resulted in a 
base of experience from which the following topics will be briefl y discussed: recognition of fens from 
the offi  ce; recognition of fens in the fi eld; how to build a fen; forests are not equally endowed; rare and 
uncommon fen plants; fen reference taxa; patterns of fen vegetation; fen condition assessment; threats; 
fi eld unit and regional offi  ce roles.

Population Viability, Trends, And Demography
In Cypripedium fasciculatum In Southern Oregon

Andrea S. Thorpe1, Tom Kaye, Penny Latham, Amanda Stanley, and Mark Mousseaux

1Institute for Applied Ecology, PO Box 2855, Corvallis, OR, USA; (541)753-3099; (andrea@appliedeco.org)

Cypripedium fasciculatum (clustered lady’s slipper, Orchidaceae) is a rare woodland orchid that can 
be found in scattered populations throughout northwestern North America. Although several studies 
have explored its relationship with mycorrhizal fungi and habitat associates, there has been little 
information on the species’ demography and population trajectories. In a ten-year demographic study 
of 28 medium- to large populations, we found that the number of emergent stems and proportion of 
fl owering plants varied signifi cantly between sites and years. The majority of plants returned in the same 
stage as in previous years. 13% - 45% of emergent plants will become dormant the following year; the 
majority re-merging after one year. We found no clear correlations between habitat nor environment 
to explain population fl uctuations. We also surveyed over 180 populations from Oregon and California 
that were initially visited 1 to 29 years prior. We found that 59% of these populations declined in size 
and 33% fell to zero. The chance of extinction was highest in small populations (<10 plants); which went 
extinct in 50% of the cases. Similarly, annual growth rates in our demographic study were less than one. 
Our data suggest an ongoing trend of population decline and local extinction and that estimates of the 
total number of populations of C. fasciculatum based on historical records may highly overestimate the 
number of extant populations. Future research with this species should focus on methods to encourage 
recruitment within populations and reintroduction methods.
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An Interagency Work Group Approach To Conserving The 
Rare Fungal Species Bridgeoporus nobilissimus

Kelli J. Van Norman1, Robert D. Hu� , Terry Fennell, Alice Smith, Marty Stein, and David Lebo

1USDI Bureau of Land Management, Oregon State Offi  ce, P.O. Box 2965, Portland, OR 97208, USA; (503) 808-6606; 
(kvannorm@blm.gov)

The fungal species Bridgeoporus nobilissimus is a US Forest Service (FS) and US Bureau of Land 
Management (BLM) Sensitive species (G3, S3 in Oregon, not ranked in Washington). It is known 
mainly from the northwestern Cascade Mountains of Oregon with several scattered sites in western 
Washington, the Oregon Coast Range and northwestern California. Perennial polypores are produced 
near the base of large-diameter snags, stumps, and occasionally live trees of noble fi r (Abies procera) 
and infrequently on Pacifi c silver fi r (Abies amabilis). This species was identifi ed to the Interagency 
Special Status/Sensitive Species Program (ISSSSP) by multiple FS/BLM fi eld botanists as a high priority 
species with many information gaps and conservation needs. A FS/BLM Bridgeoporus nobilissimus 
work group was convened in January 2007 to identify, prioritize, and develop a strategy addressing key 
information and conservation gaps to assist in managing the species in accordance with BLM and FS 
Special Status and Sensitive Species policies. Initial tasks such as compiling all diff erent eff orts for this 
species, adding to the species fact sheet, and updating the polypore survey protocol were relatively 
easy to complete. Other questions such as “what conditions/habitat should be maintained or created to 
allow a site to persist” have been more diffi  cult to address. However, signifi cant progress has been made 
to develop a genetic method to sample for the fungal organism rather than surveying for conks. This 
presentation will review the work group strategy and preliminary results from the genetic fi eld work.

A Molecular Analysis Of Hackelia venusta (Boraginaceae) 
And Related Taxa

Barry M. Wendling1, and Eric G. DeChaine

11061 Nevada Street, Bellingham, WA, 98229, USA; (360)-671-8403; (wend1061@aol.com)

Hackelia venusta (showy stickseed) is a charismatic wildfl ower endemic to the Wenatchee Mountains 
of Washington State. Traditional taxonomic treatments recognize the taxon as including both blue-
fl owered and white-fl owered forms which occur in discrete populations in close proximity but at 
diff erent elevations. Some authors have questioned this interpretation and have suggested that the 
high elevation blue-fl owered form and the lower-elevation white-fl owered form represent two distinct 
species. Although both forms exhibit a narrow geographic distribution, small population size, and 
vulnerability to loss, only the white-fl owered form is currently listed as endangered by state and federal 
agencies, due in part to its more limited occurrence but also the belief that it represents a separate 
taxonomic entity. Molecular analysis of the trnL intron, trnL-F spacer, atpB, and ITS regions, in the 
context of other closely related taxa, does not support independent species level designations for the 
blue-fl owered and white-fl owered forms of the species. Further, gene tree structures suggest potential 
confl icts with the current taxonomic treatment of other northwestern North American Hackelia 
examined. To better illuminate these fi ndings we recommend additional analyses, including approaches 
targeting potential population level genetic diversity.
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POSTER PRESENTATION ABSTRACTS

Evaluating The E� ects Of Fire On Population 
Viability Of Kalmiopsis fragrans

Kelly Amsberry1 and Robert J. Meinke

1Department of Botany and Plant Pathology, Oregon State University, 2082 Cordley Hall, Corvallis, OR 97331, 
USA, (541) 737-4333, (amsberrk@science.oregonstate.edu)

Kalmiopsis fragrans (fragrant kalmiopsis; Ericaceae) is a rare perennial shrub endemic to narrow bands 
of rocky habitat in the Umpqua National Forest in Douglas County, Oregon. Only 15 populations of 
this species have been located since its discovery in the 1970s, making its conservation a priority 
for management agencies. This species inhabits openings in forested areas, and wildfi res have been 
suggested as a threat to its persistence. Wildfi res in 1996 and 2002 burned two populations, providing 
an opportunity to evaluate the eff ects of burning on population viability. Beginning in 2004, we 
quantifi ed the eff ects of fi re on K. fragrans by comparing growth rates and fl ower production at an 
unburned control and the two burned sites. Percent cover of K. fragrans per plot was greater at the 
control than at either of the burned sites in 2004, and remained higher throughout the study period. 
Plots at the site burned in1996 initially exhibited higher cover values than those at the site experiencing 
the later burn, but by 2007 diff erences between the two burned sites were no longer signifi cant. Percent 
cover at the control site decreased slightly between 2004 and 2007, and increased at both burned 
sites. In 2005, plants in the burned sites produced signifi cantly more fl owers per unit area of K. fragrans 
cover than those in the control site. In 2007, both burned sites again produced more fl owers than the 
unburned control, but the diff erence between values for the control and site burned in 2002 were no 
longer signifi cant.

Cooperative Recovery Program For Rare Species 
A� ecting Training Ranges At Joint Base 

Lewis-Mcchord
Hannah Anderson1 and Patrick Dunn

1Center for Natural Lands Management, 120 E. Union Ave. #215, Olympia, WA 98501, USA, (360) 701-8803, 
(handerson@cnlm.org)

Rare species conservation can aff ect training regimes on military installations. The military has a vested 
interest in minimizing these eff ects. At Joint Base Lewis-McChord, the military has partnered with the 
Center for Natural Lands Management in a program to specifi cally promote and facilitate rare species 
conservation actions off  the installation. While this program is focused primarily on recovery of animal 
species, the strategy and techniques used in the program are equally eff ective for plant conservation. 
The program uses a strategy that promotes cooperative conservation through: 1) sharing information, 
2) linking entities and 3) generating incentives. Specifi c techniques, such as organizing and supporting 
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regional or species-specifi c working groups and helping to create priorities for funders, have led to 
concrete on-the-ground benefi ts for these rare species and conservation in general. Translation of the 
strategy and specifi c techniques can be useful for regional rare plant conservation eff orts.

Comprehensive Interactive Plant Keys For
Our Region

Bruce Barnes1

1Flora ID Northwest, LLC ,PO Box 1831, Pendleton, OR 97801, USA, (541) 276-5547 (cell), (541) 377-2634, http://fl ora-id-
northwest.com, (fl ora.id@wtechlink.us)

Plant conservation and restoration for any given locality is a complex process which depends on reliable 
and continually updated information regarding what species are found and where. Current climate 
changes add to the need for the information. This critical data often requires time-consuming initial 
and ongoing plant surveys. Computerized interactive keys produced over the past 17 years by the 
author greatly facilitate plant surveys by reducing the time to key unknown species by 90% or more. The 
proposed presentation would demonstrate the use of the plant identifi cation software, to provide the 
audience with an understanding of the potential applications of this resource. 

The keys for the western U.S. and southwest Canada include all known vascular plants, both native and 
introduced, which grow outside of cultivation. Plant characteristics may be selected in any order, with 
no forced choices. Terms are defi ned and illustrated, extensive references are included, and color photos 
are provided for over 99% of species. Synonyms and menus of genera and families are provided to 
reduce problems of changing nomenclature. The software is continuously updated with name changes, 
new plant fi nds, and new photos, with free annual updates available for purchasers. It is available by 
state or larger regions for 18 states and 4 Canadian provinces. In most cases descriptive information 
is provided for separating subtaxa when present. The keys are a powerful, innovative tool to assist in 
providing timely plant survey data for plant conservation, restoration, and management.

Genetic Diversity And Population Structure Of Golden 
Chinquapin (Chrysolepis chrysophylla)

Andrew Bower1, Warren Devine, Nicole Maggiulli

1USDA Forest Service, Olympic National Forest, Olympia, WA ,1835 Black Lake Blvd. SW, Olympia, WA 98512, USA, (360) 956-2405, 
(abower@fs.fed.us)

Golden chinquapin (Chrysolepsis chrysophylla) is a broadleaved evergreen that grows in coniferous 
forests from coastal central California to the Olympic Peninsula in Washington. Its range is nearly 
continuous from the Coast Range of northern California to the Columbia River. A peripheral population 
in Skamania County just north of the Columbia River and a disjunct population on the Olympic 
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peninsula are the only occurrences of the species in Washington. Because of its rarity, it is on the Region 
6 Sensitive Plant List for National Forests in Washington and is listed as a State of Washington Sensitive 
species (rank G5S2). C. chrysophylla is also the only known host to the golden hairstreak butterfl y 
(Habrodais grunus herri), which is listed as sensitive by the U.S. Forest Service and a Candidate species 
by Washington State Department of Wildlife (proposed State Endangered). Because the Olympic 
Peninsula population is at the northernmost part of the species range and is reproductively isolated, it 
likely has developed signifi cant genetic diff erences and environmental tolerances than the populations 
in the core of the species range. A range-wide sampling of golden chinquapin populations will be 
used to determine levels of genetic diversity and population structure which is currently unknown. This 
information will be crucial in developing a conservation plan for this species in Washington.

Experimental Reintroduction Of Artemisia campestris 
Var. Wormskioldii, A Rare Species Of Dynamic Cobble Bar 

Environments Along The Columbia River

Alexis Brickner1 and Kelly Amsberry
1Department of Botany and Plant Pathology, Oregon State University, 2082 Cordley Hall, Corvallis, OR 97331-9202, 
USA, (860) 878-2049, (bricknea@onid.orst.edu)

Rare plant reintroductions that result in additional or more viable wild populations are important 
conservation tools for maintaining biodiverse ecosystems. Ideally, such projects are best designed 
as experiments, to improve biological and ecological knowledge of the selected species. Northern 
wormwood (Artemisia campestris var. wormskioldii: Asteraceae), a nearly extinct, early seral species 
restricted to Columbia River riparian habitat, is only known from two native populations in Washington, 
set 300 river miles apart. Both populations are declining and show minimal recruitment. During initial 
recovery work (started in 2007), we cultivated and then transplanted northern wormwood plants 
near Squally Point (Columbia River), Oregon, where 257 reproductive individuals still persisted in late 
2010. However, minimal eff orts were made during this phase of our work to correlate survival and 
reproduction with environmental factors. In cooperation with the U.S. Fish and Wildlife Service and Army 
Corps of Engineers, we set up a second reintroduction project with the objectives of: (1) investigating 
the eff ect of environmental factors on survival of northern wormwood, to gain a better understanding 
of this species’ habitat requirements; and (2) creating a second viable population to further recovery 
objectives. To achieve these goals, we planted 2,100 greenhouse-grown plants on Rufus Island, Oregon, 
in October, 2011. We transplanted 1,450 of these in experimental plots to examine the impacts of 
three environmental factors: (1) substrate type; (2) distance from the water line; and (3) presence or 
absence of the invasive shrub Amorpha fruticosa (false indigo). Monitoring of survival, reproduction, and 
recruitment will begin next spring.
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Blue Mountains Cooperative Adventures
Mark Darrach, Jenifer Ferriel1, Joseph Rausch, and Eugene Yates

1Wallowa-Whitman National Forest, PO Box 907, Baker City, OR 97814, USA, (541) 523-1362, (jlferriel@fs.fed.us)

Increasingly limited resources combined with environmental challenges have helped forge new 
partnerships in the Blue Mountains of Northeastern Oregon. Agency botanists and ecologists are 
learning to enhance the power of small internal federal grants, by forming internal and external 
partnerships: 

• Malheur N. F.: Strawberry Mountains Botanical Foray in cooperation with the University of 
Washington Herbarium, Forest Service personnel, University of Washington faculty, and volunteers 
all contributed to the collection eff orts. In total, 31 individuals were involved in this project. Over 
700 vascular plant specimens were collected, pressed, and labeled. 

• Wallowa-Whitman N. F.: Anthony Lakes Fungi Foray with Southern Idaho Mycological Association 
(SIMA). Forays occurred in 2009 and 2011. In 2011 25 individuals participated, 19 were volunteers 
from SIMA, and 6 were USFS employees. For all three forays combined, 217 species were identifi ed, 
about 25 additional specimens were sent to specialists for further identifi cation work. 

• Malheur, Umatilla, and Wallowa-Whitman N. F.’s: Greenhorn Mountains Botanical Surveys in 
cooperation with Carex Working Group, The Nature Conservancy, University of Washington 
Herbarium, Washington State University, and Whitman College. Collecting centered on sampling 
serpentine substrates above 6000 feet. In total 4200 acres were investigated by a total of 15 
participants. Over 700 vascular and non-vascular specimens were collected. Potential species new-
to-science are being evaluated, and other sparsely-collected serpentine substrates in the region 
are being considered for similar work. 

 • Pyrrocoma scaberula Inventory on the Umatilla N.F., Wallowa-Whitman N.F. and Vale District BLM. 
Participants included botanists and ecologists from the Wallowa Whitman N.F., Umatilla N.F., Vale 
BLM, and one volunteer. A total of 3750 acres were surveyed, resulting in the discovery of four 
new Pyrrocoma scaberula populations and an extension of a known site. Eleven new Calochortus 
macrocarpus var. maculosus were documented as well as one Silene spaldingii population and a 
separate sub-population. 

Collaborative partnering eff orts can be very productive and, in conjunction with citizen-science 
participation, can provide avenues for future direction in a challenging budget environment.
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Managing Rare Plants On Federal Lands In Oregon And 
Washington: The Interagency Special Status/Sensitive 

Species Program
Lara Drizd, Kelli J. Van Norman1, Robert D. Hu� , and Carol S. Hughes

1USDI Bureau of Land Management, Oregon State Offi  ce, P.O. Box 2965, Portland, OR 97208, USA, (503) 808-6606, 
(kvannorm@blm.gov) 

The Interagency Special Status/Sensitive Species Program (ISSSSP) is a USDA Forest Service (FS) and 
USDI Bureau of Land Management (BLM) regional level program created in October 2004. The main 
objective of FS and BLM sensitive species policy is to avoid actions that lead to loss of species viability or 
Threatened and Endangered listing under the US Endangered Species Act. There are approximately 500 
vascular plants, 80 non-vascular plants, and 30 “Sensitive” fungal species for which the FS and BLM must 
assess the potential impact from any agency action on these species and promote species conservation. 
Additionally, there are more than 600 “Strategic” fl ora species that could meet agency Sensitive species 
criteria, but there is some question surrounding the NatureServe rank, taxonomy, or occupancy and 
habitat status on federal lands, such that management of the species as Sensitive would be diffi  cult 
or unwarranted. To assist agency botanists and managers in evaluating potential project impacts and 
managing for the conservation of these species, the ISSSSP employs surveys, research, and monitoring, 
and develops conservation planning documents and tools. Over the last seven years, ISSSSP has 
worked with many partners and funded numerous projects to fi ll knowledge gaps. These have included 
inventories to determine species distributions, development of habitat models, population monitoring, 
genetics and taxonomy, seed collection, data management, specimen identifi cation services and 
voucher curation with regional herbaria, species fact sheets, and conservation assessments, strategies, 
and agreements. Project results and conservation tools are available from the ISSSSP website - http://
www.fs.fed.us/r6/sfpnw/issssp/.

Seedzone Mapper: A Mapping & Planning Tool
For Plant Material Development, Gene Conservation

And Restoration
Vicky Erickson, Andy Bower1, Charlie Schrader-Patton, and Alan Ager

1Olympic National Forest, 1835 Black Lake Blvd. SW, Olympia, WA 98512, USA, (360) 956-2405, (abower@fs.fed.us)

Deploying vigorous, well adapted, and ecologically appropriate plant materials is a core component of a 
successful restoration project. To better understand the genetics of adaptation and identify appropriate 
plant materials (e.g. seeds) for restoration, the USDA Forest Service, BLM, ARS and NRCS have generated 
considerable data from common garden studies and other research activities relating to seed zone 
development for key native species. In addition, climate-based provisional seed zones have been 
developed to assist practitioners in matching seed sources and planting site conditions as closely as 
possible when empirical genetic data are not yet available. The SEEDZONE MAPPER application allows a 
broad array of end-users to easily view and acquire available data on seed zones for use in plant material 
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development and gene conservation and restoration activities. Data sources include species-specifi c 
seed zones from completed common garden studies as well as climate-based provisional seed zones. 
Client applications range in functionality from a simple geobrowser (requires only a web browser) to 
ArcGIS ArcMap, a full-feature GIS software platform that allows the user to integrate their own data and 
create map layouts. The SEEDZONE MAPPER application is available at: http://www.fs.fed.us/wwetac/
threat_map/SeedZones_Intro.html. 

SEEDZONE MAPPER is part of a family of Wildland Threat Mapping (WTM) applications developed by 
WWETAC (USFS Western Wildland Environmental Threat Center, Prineville, OR) to portray the spatial 
interactions of wildland threats and high value resources that occur in wildlands. In WTM, users can 
evaluate seed zones in relation to other map services and wildland threats published by WWETAC such 
as climate change projections or wildfi re risk. WTM can be accessed at: http://www.fs.fed.us/wwetac/
threat_map/index.html.

Recruitment Limitations Of Endangered Prairie Species: 
A Case Study Of Erigeron decumbens

Katie J. Gallagher1 and Andrea S. Thorpe

1Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR, USA, (925) 200-9105, (gallakat@onid.orst.
edu)

Preservation of rare plant species often requires introductions to establish new self-suffi  cient 
populations. Recruitment surveys are an emerging method of monitoring to determine 
population autonomy. This can be accomplished by describing recruitment levels and 
the limitations of reestablishment. Erigeron decumbens is an endangered forb endemic to 
the Willamette Valley of western Oregon. Several populations of E. decumbens have been 
introduced by governmental and private agencies. While there has been some monitoring 
on the survival of reintroduced plants, no systematic surveys have measured recruitment 
in the new populations. I monitored recruitment in seven introduced populations, and 
compared abiotic and biotic characteristics in these and fi ve stable natural populations. 
70% of introduced populations exhibited some recruitment with 30% exhibiting levels of 
recruitment suffi  cient for a self-sustaining population. The majority of seeds from both natural 
and reintroduced populations were without embryo demonstrating that seed viability could 
be a strong limitation for this species. Soil moisture appeared to be the strongest factor 
aff ecting recruitment, with higher recruitment in drier sites. This study demonstrates the utility 
of recruitment surveys to population introductions, in general, and will provide important 
guidelines for future reintroductions of Erigeron decumbens, including planting in drier habitats 
and using a high diversity of source plants to ensure high seed viability.
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E� ects Of Litter, Propagule Type And Exposure On 
Recruitment And Survival In Peripheral Populations Of 

Frasera Umpquaensis
Denise Giles-Johnson1, Andrea Thorpe, Cheshire Mayrsohn, Nancy Sawtelle, Jennifer Lippert, 

and Molly Juilleart

1Institute for Applied Ecology, PO Box 2855, Corvallis, OR 97339, USA, (541) 753-3099 ext. 507, (denise@appliedeco.org) 

Frasera umpquaensis is a long-lived perennial the majority of which is found along the Rogue-
Umpqua Divide in Oregon. Several populations near Oakridge form the northern most extent of this 
species’ range. Concern for lack of seedling recruitment in these “satellite” populations was noted as 
early as 1993 in the original Conservation Strategy for the species, calling the long-term viability of these 
populations into question. 

We conducted a four year study to determine that factors limiting recruitment in these populations. 
We found that seed viability (tested using germination and tetrazolium tests) ranged from 5% - 92%. 
Greenhouse experiments found plants receiving an extended cold treatment were more robust than 
plants receiving shorter periods of cold. Some seeds required multiple periods of extended cold 
stratifi cation to germinate. 

In an experiment testing the eff ects of litter, canopy type, propagule type, and exposure on seedling 
recruitment and survival, we found seedling mortality (both natural and seeded) was high from one year 
to the next and survivorship of transplants was higher than seeds. Natural seedlings were found at most 
sites. We found no evidence for signifi cant eff ects of canopy type, litter depth or soil moisture on the 
success of seeded or transplanted individuals. Notably, plants on forest edges with northern exposure 
had highest survival. North facing areas have a cooler microclimate with less intense sun exposure and 
longer periods of snow cover compared to south facing exposures at the same site. 

Poor recruitment and survival of young plants in these populations may be due to shorter, warmer 
winters associated with either short-term climate cycles or long-term global climate change.
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Evaluation Of Population Trends And Potential
Threats To A Rare Serpentine Endemic, Calochortus coxii 

(Crinite Mariposa Lily)
Erin C. Gray1, Andrea S. Thorpe, Susan Carter, and Gary Basham

1Institute for Applied Ecology, 563 SW Jeff erson Ave. ,Corvallis, OR 97339, USA, (541) 753-3099 x403 (offi  ce), 
(541) 224-4977 (cell), (erin@appliedeco.org) 

Calochortus coxii (crinite mariposa lily) is listed as a federal Species of Concern, Endangered by the state 
of Oregon, and G1/S1 (Globally and State Imperiled) by the Oregon Natural Heritage Program. As of 
2004, C. coxii was known to occur in 24 sites along a ten-mile serpentine ridge system between Myrtle 
Creek and Riddle, OR. Though populations of C. coxii were surveyed in the early 1990’s, the majority of 
these sites had not been revisited and their status was unknown. We surveyed previously extant C. coxii 
populations to detail their spatial extent and estimate their population size, habitat characteristics, and 
potential threats. We established permanent monitoring plots in areas with high C. coxii abundance 
to increase understanding of population trends and community associations over time. Of nine sites 
visited, C. coxii was present at six. Of those sites where it was not present, invasive grasses and evidence 
of human-caused disturbance were prevalent. Spatial extent of current populations generally appeared 
to be narrower than that indicated by shapefi les from the BLM, but at three sites individuals were 
found outside the known range. In areas of high C. coxii abundance, native species comprised 95% 
of community composition, with exotic species composed mostly of graminoids. Preliminary results 
suggest that habitat quality and associations with native species may be necessary in the perpetuation 
of this rare serpentine endemic. Given the lack of protection on private lands and recent invasion of 
serpentine-tolerant invasive species, more active management for this species may be necessary.

Comparison Of Insect Visitation Rates And Seed Viability 
At Webster Nursery And The Puget Lowland Prairies

Jennie F. Husby1

1The Evergreen State College, Environmental Studies Program, 2700 Evergreen Pkwy NW, Olympia, WA 98505, USA, 
(425) 248-3498, (jenniehusby@gmail.com) 

The rate of visitation by insects to fl owers can aff ect reproductive success in plants. The Center for 
Natural Lands Management in Olympia, Washington, relies on large-scale production of native seeds 
in nurseries for replanting into the Puget lowland prairies as part of their restoration strategy. This 
study investigates the current state of pollination at a local nursery (Webster native seed nursery) 
and compares it to the Puget lowland prairies to fi nd out if inadequate insect visitation is restricting 
viable seed production at either site. In 2011, I compared rates of insects visiting Viola adunca Sm., 
Lomatium utriculatum J.M. Coult & Rose, Balsamorhiza deltoidea Nutt., Plectritis congesta DC., Lupinus 
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albicaulis Douglas, and Potentilla gracilis Douglas ex Hook at the nursery and prairies. Overall insect 
visitation rates were signifi cantly higher at the nursery for L. albicaulis and P. gracilis. Visitation rates 
were either signifi cantly higher or lower at the nursery for at least one insect group visiting each plant 
species. Restoration strategies designed to increase visitation, such as planting more fl oral resources 
for bumblebees, may be more effi  cient if geared to specifi c insect types at each site. In 2012, I will use 
a more direct method to determine reproductive success of plants at Webster Nursery and Johnson 
prairie on Joint Base Lewis-McChord. I will measure viable to non-viable seed ratios in conjunction with 
calculating visitation rates to determine if plants are pollinator limited. 

Supporting Recovery Of Cook’s Lomatium Through 
Population Augmentation And Reintroduction

Thomas N. Kaye1, Ian P� ngsten, Rachel Showalter, and Susan Fritts

1Institute for Applied Ecology, PO Box 2855, Corvallis, OR 97339, USA, (541) 753-3099, (tom@appliedeco.org)

Endangered species that occur in multiple habitat types pose challenges for reintroduction. In addition, 
restricted land uses may limit the protections and number of locations at which reintroductions can 
occur. Cooks’ desert-parsley (Lomatium cookii) in southwestern Oregon is listed by the US Fish and 
Wildlife Service as endangered, and may depend on reintroductions and population augmentations for 
its long-term recovery. The species occurs on both moist serpentine and dry non-serpentine soil types, 
with the potential for diff ering selective pressures in these contrasting edaphic environments, and much 
of the landscape in which it occurs is claimed for mining, restricting which sites can be used to host new 
populations. Government agencies are partnering with nonprofi t groups to 1) develop a plant materials 
program that creates a large and steady seed supply and reduces pressure on wild sources, 2) identify 
factors that aff ect plant establishment; and 3) identify and plant into selected appropriate locations. 
Since 2009, 15 seed accessions have been collected from 13 sites with special attention to unprotected 
sites on private lands, and have been placed into isolated productions for two soil types. Experimental 
plantings have demonstrated that removal of leaf litter and planting in non-wooded patches can 
improve seedling establishment, and both direct seeding and plug planting result in successful plant 
growth. Also, planting seeds from one habitat type into another can result in signifi cantly lower success 
than within-habitat plantings. Site selection for outplantings will emphasize suitable h abitats that are 
protected, compatible with mining claims, and anticipate climate change.
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Relationship Between Soils And Plant Community 
Composition In A Restored

Willamette Valley Upland Prairie
Briana Lindh1, Kara Fascieszcki, Karen Arabas, and Scott Pike

1Willamette University, Department of Biology, 900 State St, Salem, OR 97301, USA, (503) 370-6373, (blindh@willamette.edu)

While high nutrient levels are thought to favor exotics plants over natives, Seabloom et al (2011) recently 
found that native and non-native grasses had similar responses to soil nutrient levels in prairies of 
western Oregon and Washington, with abundance of the dominant non-native grass Agrostis negatively 
correlated with soil ammonium levels. To test relationships among soil nutrients, exotic grasses, and 
native grasses and forbs we examined pre- and post- restoration community composition and analyzed 
soil texture, depth and nutrient levels in an upland prairie in western Oregon. We carried out NMS 
ordination of community composition data in PC-ORD. The fi rst axis of the ordination separated plots 
with live or herbicided non-native Rubus aremeniacus from plots with high forb or grass abundance. 
The second axis separated plots with high cover of the non-native grass Agrostis from those occupied 
by species such as Plantago lanceolata, Moenchia erecta, and bryophytes. These areas had shallow soils, 
and were the only places in the prairie with remnant cover of native grasses (Danthonia californica) and 
forbs (Clarkia spp., Dichelostemma capitata, Linanthus bicolor). While remnant natives were only found 
on areas of shallow soil, not all areas of shallow soil had remnant natives. By conference time, we will 
have data on soil texture and nutrient levels, as well as fi rst-year post-restoration establishment. We will 
test whether abundance of native and non-native species are correlated with soil variables, and whether 
these patterns diff er before and after restoration.

Changes To The BC Flora 2006-2011
Jenifer Penny1 and Marta Donovan

1British Columbia Ministry of Environment, Conservation Data Centre, PO Box 9358 Stn Prov Govt V8W 9M2, Victoria, British 
Colulmbia, Canada, (250) 356-5244, (Jenifer.Penny@gov.bc.ca)

A committee has been active for the past 6 years in reviewing changes to the British Columbia (BC) 
fl ora to allow updates to the provincial standard fl ora list (BC Ministry of Forests, Lands and Natural 
Resource Operations) and the BC Species and Ecosystems Explorer tool (BC Ministry of Environment; 
delivers conservation information on animals, plants and ecological communities in BC). The 
information is used by resource and land managers, technicians and researchers, as well as proponents 
compiling information for the Environmental Assessment process in British Columbia. The small team 
is composed of botanists affi  liated with BC herbaria, BC government, and the original publication of 
the Illustrated Flora of BC (Douglas et al. 1998-2002). Invaluable input from the private sector botanists 
is also represented on the team. There are no plans to reprint the fl ora, but we are compiling data on 
additions and deletions to the fl ora, as well as taxonomic and nomenclatural changes. A steady stream 
of changes have been coming in as the fl ora is updated with Flora of North America treatments (where 
deemed appropriate) and investigated by a number of keen botanists. Each year the number of exotic 
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species increases (often 1/3 of additions to the fl ora each annual update), and several rare/at risk taxa 
are added. The province has relatively high biodiversity in Canada with an interesting fl ora to catalogue. 
It is currently represented by 3189 taxa, 2373 of which are native, 618 of which are rare/at risk, and 8 of 
which are endemic.

Predictive Geospatial Habitat Modeling Of
The Rare Sedge, Carex idaho, In The Southern Blue 

Mountains Of Oregon
Joseph H. Rausch1

1Malheur National Forest, PO Box 909, John Day, OR, 97845, (541) 575-3141, (jhrausch@fs.fed.us) 

Inventory and management of rare plants and their respective habitats is an increasing priority for State 
and Federal land management agencies in the Pacifi c Northwest. Predicting the habitat and distribution 
of rare plants can be a great aid in discovery and conservation of populations that are susceptible to 
anthropogenic processes and management activities. Here, geospatial habitat prediction models are 
utilized to predict habitats and populations of a rare plant on National Forest lands in the Southern Blue 
Mountains of Oregon. 

Idaho sedge (Carex idahoa) is considered globally imperiled and is arguably the rarest native sedge 
in the Pacifi c Northwest. Prior to 2010, less than 50 populations were known worldwide, with the only 
documented population in Oregon and Washington being on the Malheur National Forest. Despite 
its rare status, there is a wealth of information on the specifi c habitat requirements of Idaho sedge. 
The type and quality of this information makes this species an ideal candidate for predictive habitat 
modeling. 

A model was developed using geospatial and statistical techniques to predict potential habitat 
based on environmental factors such as elevation, slope, aspect, rainfall, geology, infrared refl ectivity, 
watershed characteristics, and vegetation composition. Field crews surveyed areas that were 
identifi ed as potential habitat in order to validate the model and determine if populations were 
present. Over 4,000 aces of predicted habitat were inventoried and the initial results of the project 
were an overwhelming success: > 70% of the predicted habitat was correctly categorized and 27 new 
populations were discovered.  
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Alternate Hosts Of Castilleja levisecta (Orobanchaceae): 
New Options For Restoration Of A Threatened Species

Natalie Schmidt1 and Jon Bakker

1University of Washington, School of Environmental and Forest Sciences, Box 352100, Seattle, WA, USA, 
(206) 375-3052, (schmidt.natalie@gmail.com) 

Scientists have long been fascinated by the nature of the interaction between parasitic plants and 
their hosts. Understanding these relationships could greatly improve prairie restoration eff orts and 
preserve native habitat for many threatened and endangered species in the Pacifi c Northwest (PNW). 
Castilleja levisecta (golden paintbrush) is a threatened hemiparasite native to the PNW who’s known 
hosts include Eriophyllum lanatum (Oregon sunshine) and Festuca roemerii (Roemer’s fescue). However, 
other species are believed to be potential hosts because C. levisecta has been found growing robustly 
without any known hosts nearby. To test this alternate host hypothesis, we propose a multiple-species 
experiment to determine if alternate preferable hosts exist for C. levisecta. Host species candidates will 
be selected based on current presence in PNW prairies. A variety of families and functional groups will 
be tested to provide greater distribution of potential hosts. Fifteen host species will be planted with C. 
levisecta, including two non-native species: Holcus lanatus and Anthoxanthum odoratum. Destructive 
sampling will determine whether haustorial connections have been made. If connections are present, 
we will determine the relative benefi t to C. levisecta by measuring number of connections per pair, and 
C. levisecta biomass and number of fl owering stems. We hypothesize that several of the species tested 
will prove adequate hosts for C. levisecta, and should be considered viable options in future restoration. 
These fi ndings could increase the chances for survival of this species and others, including several 
species of rare butterfl y, which rely on prairie ecosystems for habitat.

Diversity And Phenology Of Plant Nectar Resources
For The Fender’s Blue Butter� y

Rhiannon Thomas1 and Cheryl Schultz

1Washington State University Vancouver, 600 NW 68th St.,Vancouver, WA 98665, USA, (541) 609-1914, (pteridium@gmail.com) 

The federally endangered Fender’s blue butterfl y (is endemic to Willamette Valley upland prairies. 
Fender’s blues feed on their larval host, the federally threatened Kincaid’s lupine and, as adults, nectar on 
numerous fl owering plants. We investigated use and availability of nectar by following butterfl ies and 
by collecting weekly counts of open fl owers in transects at three sites from Eugene to Salem, Oregon 
in 2009 and 2010. We found high turnover of available nectar species during the Fender’s 4 – 6 week 
fl ight season. The fl owering phases of many nectar plants were shorter than Fender’s fl ight and species 
available early were replaced by others later on. Male and female Fender’s blues nectered on diff erent 
plant species. Males used more non-native annuals, such as Vicia sativa and Linum perenne, and females 
used more natives, such as Calochortus tolmiei and Allium amplectens. Because of both variation in 
nectar availability and diff erences in use, we expect that diverse nectar resources (and particularly 
natives used by females) are important for butterfl y fecundity because more species are more likely to 
provide resources throughout the fl ight season. Phenology of many species are expected to shift in 
response to inter annual variation in weather and to long term climate change, so that nectar resources 
available during peak fl ight for this study may not be as available to Fender’s blue in the future. 
Redundancy of nectar resources may buff er against eff ects of extreme weather events and climate 
change.
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Appendix A.
Notes from working groups formed in the � nal session of 
the conference
At the end of the conference attendees were asked to participate in three break-out sessions focused on 
discussing the challenges related to the conservation of native plant communities and rare plants in NW 
North America. Steering Committee Members facilitated discussions in three focal areas:

• Climate Change

• Ecology/Biology

• Policy and Strategy

Each session was asked to address three questions related to each focal area:

• What are the challenges?

• How can we address these challenges?

• How can we move forward?

These notes are a record of the topics discussed and are meant to serve as a starting point for further 
discussions as working groups take form and take action! If you are interested in being a part of one or 
more of these working groups please e-mail us at 2012plantconf@gmail.com and we will add you to the 
e-mail list.

CLIMATE CHANGE GROUP –Facilitated discussion by Mark R. Mousseaux (Botanist, BLM) and Regina M. 
Rochefort, Ph.D., (Science Advisor, NPS)

What are the challenges?

• Need cooperation with various agencies and land owners – consensus on goals

• Uncertainty with regard to predicting the outcomes, what will happen?

• Stress on systems and plant communities – not sure what will happen

• How do we prioritize eff orts? What choices do we need to make?

• There is limited data at the species and community level

• Disproportionate eff ects likely – wetlands, edaphic, alpine, coastal strand, and other niche 
species may be aff ected diff erently than more wide ranging species

• How will changing fi re regimes aff ect communities/species

• Diff erences in climate change policies between agencies (Fed/State/County) and other 
groups – how do we gain consensus
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• Translating the science into public information – Public relations is a challenge – politics 
and rhetoric creating challenges and misinformation

• The temporal and special scope is large and variable – changes occurring in ppt patterns, 
snow vs rain, changes in frost free period, wetter winters in some areas, colder others, dryer 
summers – Climate Change

How can we address these challenges?

• Decide what it is that we (society) wants – defi ne goals; fi gure out how to measure what we 
want

• Do you want static or changing situations

• Must use adaptive management 

• Use ‘bet-hedging’, take process a step at a time, be willing to adapt and shift pattern

• Mine historic vegetation data, look at how diff erent models work – validate models using 
historic data

• We will have to triage – we will not be able to ‘save’ and address everything, we have to 
decide what it is we want to work on

• Get normal citizens involved, “Citizen Science” – Plant societies, Horticultural groups, garden 
clubs, kids, FAA, education and schools

• Need a model using Govt – University – NGO’s – Public

How can we move forward?

• Policy and Papers – get the word out – defi ne key issues

• Publish and distribute proceedings from conferences like this, publish quantitative data 
(monitoring), and even observational data

• Get information on websites and blogs 

• Get information out to people who would never hear it – socal media, a ‘coff ee’ table book

• Identify the areas where we agree with the public and opponents – ID the things we have 
in common and work from there to build consensus

• Communicate the importance of refugia

• Communicate with the public on how things have changed, or are changing right now

• Pull ideas together and get to USFWS Landscape Conservation Cooperative – participate in 
this process – Publish information

• Ground truth models – link what is happening with what models are predicting – publish 
this data

• Must look at diff erent climate scenarios – and strategize on how to be ready for diff erent 
outcomes 
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• Host additional working group – think tank seminars/conferences regionally – or perhaps 
nationally, to address the problems, propose solutions, and create a path forward    

ECOLOGY/BIOLOGY GROUP–Facilitated discussion by Joe Arnett (Botanist, Washington Heritage Pro-
gram, DNR) and Peter Dunwiddie, Ph.D. (Affi  liate Researcher, University of Washington)

What are the challenges?

• Need for better long-term monitoring

• Changing phenology impacts on pollinator-plant interactions

• Lack of knowledge of the causes of rarity

• Restoration has been guided by the past, but there are no guidelines for the future. It is hard 
to sell conservation of something that has not yet existed.

• What is the role of reference areas?

• There are questions of scale

• Biodiversity conservation success is dependent on the social will

• We need to inspire urgency

• We have a lack of understanding of many underlying processes

• We need common methods, terms; cross-walking across borders of all kinds is challenging 

• S-ranks are limited (S1 may end as the state border)

How can we address these challenges?

• Coordinate long term monitoring across  boundaries

• Internet based data collection, such as EDDMaps, eBird, iMap, iNaturalist

• Encourage citizen science, the benefi ts of public education and ownership

• Broaden the discussion to include additional skill sets, such as fundraising, social science, 
economics

• Focused research, better partnerships between schools and land managers, agencies

How can we move forward?

• Group or listserv to develop consistent monitoring methods (NatureServe may fi ll part of 
this need); questions diff er, and so methods do also)

• Improve communication between managers and researchers

• Seek ways to identify our goals that are beyond historical references (such as processes and 
functions used in wetland evaluation)
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POLICY AND STRATEGY GROUP—Facilitated discussion by Ted Thomas (Senior Ecologist, USFWS)

What are the challenges?

• Funding, what are the best sources of gaining funding, NOW!  IS there or could there be 
clearing house for funding

• What are best opportunities for levering funding? Form partnerships and plan with other 
agencies, NGOS

• Need for overarching policies to tie climate change to plants

• Develop strategies that provide other services at the time restoration/conservation pro-
grams are implemented, for example: provide benefi ts to reduce fi re risks, fl ood risks, reduc-
tion of insect and disease outbreaks

• What are best strategies for managing plants/organisms across jurisdictions?  What meth-
ods do we have to remove obstacles/barriers to accomplish management cross jurisdic-
tional boundaries?

How can we address these challenges?

• Education and communication

• Establish lobbying eff orts to garner political support

• Develop multi-faceted, bet-hedging strategies to keep moving forward while sustaining 
biodiversity

• Develop methods/tools to manage for uncertainty

• Link Botany, Plant ecology to policies and strategies in the real world with real views

• Establish and Endangered Species Act for Washington

• Update Oregon’s ESA list for plants

• Need laws to require commercial growers to provide seed source information by/for provi-
sional seed zones

• Any species on state noxious weed list should be banned from commercial sale

• Update state weed regulations to match current science and need

What can we move forward?

• Develop and implement lobbying campaigns at the local, State and National level!

• Create a market system for provide support for large scale restoration

• Work with the nursery and commercial growing industry to avoid propagating and selling 
noxious weeds

• Do a better job of translating our science to law makers and emphasizing the gravity of the 
problems that need to be addressed to inspire action 
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