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Progress Report

National Institute of Invasive Species Science
Updated March 29, 2004
In establishing the National Institute of Invasive Species Science, we have made great progress in forming partnerships and gathering data on invasive species that were previously isolated along many lines.  Sources for data include other NBII nodes, agencies and non-government organizations, state and local partners, museums and taxonomic experts, and the public.  Much of our time has been spent seeking out existing invasive species research programs and datasets, converting information to modern formats, and developing cooperative agreements.  Initial synthesis of disparate datasets has already allowed us to compile probable species lists for non-native plants and fish in areas where biological inventory is incomplete, and to develop predictive models to produce maps with known accuracy.

Organization:  We have formally established a new section at the USGS Fort Collins Science Center called the National Institute of Invasive Species Science (a major component of the Invasive Species Program).  The Institute is directed by Tom Stohlgren and includes a team of USGS research ecologists and CSU research associates focused on invasive species issues.  The National Institute of Invasive Species Science provides a framework of organization with which to interact with the USGS administration, partners, the public, and the other NBII nodes.  

Data Partnerships: We have leveraged million dollar datasets by combining information from other NBII nodes, agencies and non-government organizations, state and local partners, museums and taxonomic experts, and the public.  We have taken the initiative in seeking out invasive species research programs and datasets and converting information to modern formats.  Data synthesis requires the development of techniques that allow disparate datasets to be combined and compared at a variety of spatial scales using relational databases, ArcView, and components of our spatial modeling techniques.  Initial synthesis has already provided probable species lists for non-native plants and fish in areas where biological inventory is incomplete.  We have also begun to decipher nationwide trends of invasion by comparing patterns of invasion across taxonomic groups in combination with other predictive variables.  These trends and variables will be useful components in our predictive spatial models that will be an important tool for interpreting the large datasets that are being collected.  

Data Acquisition: In addition to gathering data through various partners and cooperators, we have developed a data acquisition tool.  We aim to encourage user-friendly data input to leverage the vast knowledge base of land managers and others that are concerned about invasive species.  The current version is an electronic survey that is being distributed to every US Fish and Wildlife Service (USFWS) refuge.  The survey form collects information about the composition and extent of species invasion, control efforts, available datasets, and habitat vulnerability.  Automated compilation of this information in a central database will prioritize funding for further inventory, monitoring, and control efforts throughout the Refuge System.  Inclusion of the USFWS invasive species information into our central database will facilitate early detection and predictive modeling efforts on each refuge.  The central database will in turn incorporate data from surrounding landscapes that may act as both sources and sinks for invasive species.  Continuing development of this form will allow web-based dissemination to other private and federal networks as well provide access to the public.  We are developing the capabilities to have the form accept invasive species observations from individuals, and handle updated records from USFWS refuge managers.  We are developing and testing a web-based system for mapping tamarisk (salt cedar) and other invasive species throughout the US with easy data entry tools, data and metadata tracking, and zooming capabilities. We demonstrated the new software at a major tamarisk conference in Albuquerque, New Mexico in March 2004.  The use of this system on the internet will speed information exchange and expand the horizon of our data sources. 

Predictive Spatial Modeling: Predictive modeling research has continued as we evaluate the distribution of non-native plant species after the Cerro Grande Fire, Los Alamos, New Mexico, and distributions of non-native plant species on Bureau of Land Management land in Utah.  We have continued to perfect these new spatial models with the inclusion of a decision tree option that yields similar predictive output while relaxing variable requirements, and incorporating moving window techniques that increase explanation of variance.  Working with partners at Colorado State University, the NASA Goddard Space Flight Center, and the Eros Data Center, significant progress has been made in increasing the speed and potential aerial coverage of the models using parallel processing, high performance computers and supercomputers.  

Key Grants and Partnerships (with Summary Highlights in italics)
1. “Predicting Invasive Species with High Performance Computing” ($750K, 3-yr grant from NASA Goddard Space Flight Center).  The research team includes John Schnase, Jim Smith, Jeff Pedelty, and Jeff Morisette (NASA), Tom Stohlgren, Geneva Chong, and Catherine Crosier (USGS BRD), and Mohammed Kalkhan and Robin Reich (CSU NREL). 2003-2005. This study is developing the high-performance computing infrastructure needed to analyze the past, present, and future geospatial distributions of living components of Earth environments. This involves moving a suite of key predictive, geostatistical biological models into a scalable, cost-effective cluster computing framework; collecting and integrating diverse Earth observational datasets for input into these models; and deploying this functionality in a context that supports Web-based service interoperability. We have increased model performance by 1000 times. Spatial models that took 16 days to run are now completed in less than five minutes. We have developed parallel code for several models, and tested the predictive models on Beowulf clusters. NASA is building a Beowulf cluster for the Fort Collins Science Center. The work has already resulted in several peer-reviewed publications. See Publications b, h, and l.
2. “Carbon Sequestration by Invasive Plants” ($750K, 5-yr grant from NASA Goddard Space Flight Center).  The research team includes John Schnase, Jim Smith, Jeff Pedelty, and Jeff Morisette (NASA), Tom Stohlgren, Geneva Chong, and Catherine Crosier (USGS BRD), and Mohammed Kalkhan and Robin Reich (CSU NREL). 2003-2008. Current land-cover and fire-effects products derived from the Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+), and from the Moderate Resolution Imaging Spectroradiometer (MODIS), are used to monitor forest and range condition and change. Above-ground biomass is a potential storage place, or sink, for carbon, and future management of wildlands is likely to include carbon storage as a factor in management decisions. Alycia Waters completed a masters degree detailing the relationships between biomass and plant species richness, and she developed statistical relationships between Bromus tectorum (cheatgrass) cover and biomass. Nate Alley then produced models of cheatgrass cover in the 2.1 million acre Grand Staircase-Escalante National Monument, Utah. Several peer-review papers will follow. See Publications s and t.
3. “Estimating Non-Native Plants, Animals, and Diseases on the Nation’s 530+ Wildlife Refuges in the United Stated. ($167K, 2- year study funded by the US Fish and Wildlife Service Refuge System) The research team includes Tom Stohlgren (lead, USGS); David Barnett and Sara Simonson (implementation and coordination, NREL/CSU); Carl Korshgen and Linda Leake (information and web-tools); Pam Fuller (Fish); John Sauer (birds and mammals); and Josh Dein (wildlife diseases); all in partnership with the USFWS National Wildlife Refuge System. An electronic questionnaire was answered by 440 of the 530 wildlife refuges, data were summarized, and a draft report was prepared for the USFWS Refuge System. Email us for a draft copy – see Publication r.

4. “Documenting and Predicting Chronic Wasting Disease in Wisconsin” ($450K, 3-years funded by the USGS). Lead PI is Josh Dein, USGS National Wildlife Health Center.  Josh Dein began preparing a statewide dataset and web site to increase public awareness. 

5. “Documenting, mapping, and predicting non-native species occurrence in Colorado” $75K, 3-year study funded by the Colorado Agriculture Experiment Station).  Catherine Crosier and Tom Stohlgren (USGS FORT), and Greg Newman (CSU NREL) play key roles in both data gathering and development of web-based information tools.  Data partnerships have been formed with the State of Colorado Agricultural Experiment Station, The Colorado Natural Heritage Program, The Nature Conservancy (Terry Schultz, CO), the Bureau of Land Management (Carol Dawson, CO) and CSU research groups and graduate students.  With a strong partnership with State of Colorado weed coordinators, over 50 disparate datasets have been formatted and summarized for invasive weeds in the state. Predictive models will follow, resulting in a Ph.D. dissertation and the state’s first collective database of weed distribution.  See Publication u.
6. “Mapping and Predicting Tamarisk Distributions in Portions of Western Colorado.” This is a $40K, 2-yr study funded by the National Park Service (research funds) and Bureau of Land Management (salary funds), while the US Forest Service provides remote sensing data. Tracey Davern collected field data testing new cluster sampling techniques near Grand Junction, Colorado as part of this study. She collected similar information in California as part of her Master’s Degree program at Colorado State University. She is analyzing the data now. In addition, Paul Evangelista (NREL/CSU) has been developing high-resolution field mapping techniques for tamarisk in the Grand Staircase-Escalante National Monument in Utah. In addition, Mohammed Kalkhan has been working with Dr. Lee Balick, Los Alamos National Laboratory to develop spectral signatures of tamarisk, willow, and cottonwood species to integrate with hyperspectral remote sensing data in the Monument. Combined, these projects are providing an initial scientific starting point for mapping tamarisk at larger spatial scales. A Masters Thesis and several publications will follow.
7. “Survey of Native and Non-native Plant Diversity and Cryptobiotic Crusts in Grand Staircase-Escalante National Monument, Utah.” ($850K, 6-years, funded by the Bureau of Land Management and USGS salary contributions). This project provided a detailed survey of invasive species and vulnerable habitats in the Monument, with paired information on hotspots of native diversity, patterns of high endemism, and areas with unique species assemblages – the baseline information on which to make science-based management decisions. In addition we investigated the effects of fire, restoration activities, and grazing at landscape scales to quantify the effects of management decisions on vegetation, crusts, and soils. This project produced dozens of publications, presentations, and databases provided to Monument managers, including GIS-based links to all plot data. A final technical report is being drafted to summarize the six-year project. See Publications d, j, m, n, o, p, q, and s.

8. “Spatial Interactions among Fuels, Wildfire and Invasive Plants.” ($450K, 3-yrs, funded by the Joint Fire Science Program). This project headed by Geneva Chong (USGS), Mohammed Kalkhan (CSU/NREL), and Phil Omi (CSU) studied the effects of pre- and post-fire treatments on post-fire fuels, burn severity, and invasion by non-native plant species on fires in New Mexico and Colorado. Results indicate that increased fire severity is positively correlated to weed invasions, and that thinning may also increase invasions in some areas. See Publications h, i, v, w.
9. “One if By Land, Two if By Sea” Initiative – or -- Documenting, Mapping, and Predicting Non-Native Plants, Animals, and Diseases in the US. ($50K/yr funded by National Biological Information Infrastructure; $50-100K/yr from USGS HQ). This funding provides minimal support for the Invasive Species Information Node of the NBII. Tom Stohlgren (USGS FORT) is PI, and Annie Simpson is node manager. The funds partially support Greg Newman (web-manager) and programmer Jim Graham (NREL/CSU), but work on the interactive data-base and web-site has been extensive.  See http:/nrel.colostate.edu/Stohlgren/projects/niiss/niiss.html
New Grants and Partnerships for 2004

1. “Biological Fingerprinting of Biodiversity in the Western United States: Phase 1” ($1.2 Million, 3-year, funded by NASA Headquarters, Earth Science Enterprise, 2004-2007.).  The research team is headed by Tom Stohlgren (USGS), John Schnase, Jeff Pedelty, and Jeff Morisette (NASA), and includes cooperative researchers from NASA Goddard Space Flight Center in Maryland, Colorado State University’s Natural Resource Ecology Lab, the USGS Fort Collins Science Center, and the National Park Service’s Cooperative Ecosystems Study Unit in Flagstaff, Arizona. The research builds on three other NASA-funded studies with Stohlgren’s research team under the general rubric of ecological forecasting of invasive non-native species across the nation.  This study will rapidly assess - or "fingerprint" - biodiversity at large spatial scales. The research team will refine forecasting capabilities for biodiversity and invasive species by modeling and mapping biologically significant hotspots at local, regional, and national scales. Previous research demonstrated that harmful non-native species had successfully invaded hotspots of native diversity. For example, non-native tamarisk (or salt cedar) has invaded many species-rich riparian zones in the west, preempting water from native plants and animals and downstream water users. Thus, high-resolution models of native diversity may narrow the search for the harmful invaders. The integrated science program incorporates existing and new field data, remotely sensed data from satellites, and innovative spatial models to address the difficult problem of spatiotemporal modeling of biodiversity patterns at multiple scales.  The research will greatly expand ecological forecasting capabilities from landscape scales to regional and subcontinent scales, and from a few non-native plant species to native and non-native plants, animals, diseases, and rare/important habitats. The team will collect more detailed physical and biological data for the highest priority invasive species (e.g., tamarisk, cheatgrass) to aid state weed coordinators and natural area managers in setting priorities for control and restoration efforts, and for the early detection and control of new “founder” populations of the most injurious species.

2. “REASoN / Invasive Species Data Service” ($900K, 3-year, funded by NASA, 2004-2006.) will be conducted at Goddard Space Flight Center with John Schnase (Lead), Jeff Pedelty, and Jeff Morisette (NASA), and Tom Stohlgren (USGS FORT). This research will develop web crawlers and automated search-capture programs for remote sensing data in support of invasive species science and predictive modeling. A retreat (November 13-14) will review our progress on the invasive species application, meet new members of the project team, formally launch the REASoN / Invasive Species Data Service component of the project, lay out the high-level project calendar for 2004, and further refine our plans for tackling the tamarisk and Canada thistle "Big Problem" challenge. Members of the project team will meet all day on Thursday, November 13th, and will brief USGS and NASA HQ program managers on Friday, November 14, 2003.
3. “The Environmental and Economic Impacts of Cactoblastis in the United States” ($25K/1-year funded by the International Atomic Energy Commission.) The team is led by Sara Simonson, NREL/CSU and will include assistance from APHIS, the Mexican Government, the State of Florida, and many others.

4. “Mapping and Predicting Invasive Plants in the Nation’s Wildlife Refuges” ($75 to $150K/year, 1-year or more, funded by the US Fish and Wildlife Service.) This research headed by Stohlgren (USGS) and Dave Barnett (CSU), in partnership with the Nature Conservancy, will rely on volunteer groups to collect data over broad areas, and professionals to verify subsets of the data and to collect intensive data at fewer sites, all to map and model weed distributions on National Wildlife Refuges. We will test new palm-top data entry platforms and nested intensity sampling designs to efficiently map dominant weeds on several refuges.

Products

Scientific Publications (late 2002-2004)
1. Stohlgren, T.J., G. W. Chong, L.D. Schell, K.A. Rimar, Y. Otsuki, M. Lee, M.A. Kalkhan, and C.A. Villa.  2002.  Assessing vulnerability to invasion by non-native plant species at multiple scales. Environmental Management 29:566-577.

2. Schnase, J., T.J. Stohlgren, and J. A. Smith.  2002. The national invasive species forecasting system: A strategic NASA/USGS Partnership to manage Biological Invasions. Earth Observation Magazine 11:46-49.

3. Stohlgren, T.J. 2002. Beyond Theory of Plant Invasions: lessons from the field. Comments on Theoretical Biology 7: 355-379.

4. Bashkin, M., T.J. Stohlgren, Y. Otsuki, M. Lee, P. Evangelista, and J. Belnap. 2002. Soil characteristics and plant exotic species invasions in the Grand Staircase-Escalante National Monument, Utah, USA. Applied Soil Ecology 22: 67-77.

5. Stohlgren, T. J., T. T. Veblen, K. Kendall, W. L. Baker, C. Allen, A. Logan, and M. Ryan. 2002.  Pages 203-218. Montane and subalpine ecosystems. In: Rocky Mountain Futures: an Ecological Perspective.  J. Baron (eds). Island Press, Washington DC.

6. Stohlgren, T.J., D. Barnett, and J. Kartesz.  2003.  The rich get richer: Patterns of plant invasions in the United States.  Frontiers in Ecology and the Environment 1:11-14.

7. Barnett, D., and T.J. Stohlgren.  2003.  A nested intensity sampling design for plant diversity.  Biodiversity and Conservation 2(2): 255-278. 

8. Kalkhan, M.A., E.J. Martinson, P.N. Omi, G.W. Chong, M.A. Hunter, and T.J. Stohlgren.  2003. Fuels, fire severity, and invasive plants within the Cerro Grande Fire, Los Alamos, NM. Proceedings of the Tall Timbers Fire Ecology Conference, Tallahasse, FL. (In Press).

9. Omi, P.N., E.J. Martinson, M. Kalkhan, T.J. Stohlgren, G.W. Chong, and M.A. Hunter. 2003. Integration of spatial information and spatial statistics: a case study of invasive plants and wildfire on the Cerro Grande Fire, Los Alamos, New Mexico, USA. Proceedings of the Tall Timbers Fire Ecology Conference, Tallahasse, FL. (In Press).

10. Guenther, D.A., T.J. Stohlgren and P. Evangelista. 2003. Relict sites compared to grazed landscapes in the Grand Staircase-Escalante National Monument, Utah. Proceedings of the Fifth Biennial Conference of Research on the Colorado Plateau Conference, Flagstaff, AZ. (In Press).

11. Fornwalt, P.J., M. Kaufmann, L.S. Huckaby, J.M. Stoker, and T.J. Stohlgren. 2003.  Non-native plant invasions in managed and protected ponderosa pine/Douglas-fir forests of the Colorado Front Range. Forest Ecology and Management 177: 515-527.

12. Pedelty, J.A., J.T. Morisette, J.L. Schnase, J.A. Smith, T.J. Stohlgren, and M.A. Kalkhan. 2003. High performance geostatistical modeling of biospheric resources in the Cerro Grande wildfire site, Los Alamos, New Mexico and Rocky Mountain National Park, Colorado. xxx 
13. Evangelista, P., D. Guenther, T J. Stohlgren, and S. Stewart. 2003. Fire effects on cryptobiotic soil crusts in the Grand Staircase-Escalante National Monument, Utah. Proceedings of the Fifth Biennial Conference of Research on the Colorado Plateau Conference, Flagstaff, AZ. (In Press).

14. Stohlgren, T.J., C. Crosier, G. Chong, D. Guenther, and P. Evangelista. 2004. Habitat matching by non-native plant species. Biodiversity and Distributions (to be submitted).

15. Chong, G.W., Y.Otsuki, T.J. Stohlgren, D. Guenther, and C. Villa. 2003. Evaluating plant invasions from both habitat and species perspectives. To be submitted.
16. Stohlgren, T.J., T. Chase, R.A. Pielke Sr,. and J. Graham.  2004.  Mapping spatial anomalies in Ecology.  Frontiers in Ecology and the Environment (In Review).
17. Stohlgren, T.J., D. Guenther, P. Evangelista, and N. Alley. 2004. Patterns of plant rarity, endemism, and uniqueness in an arid landscape. Ecological Applications (Accepted).
18.  Simonson, Sara, David Barnett, Thomas Stohlgren, Michael Ielmini, and staff of the USFWS National Wildlife Refuge System. 2004. Invasive Species Survey: Invasion of the National Wildlife Refuge System. (Draft Report).
19. Waters, M.A. 2003. Species richness, vegetation cover, and disturbance relationships in an arid ecosystem. Masters Thesis, Colorado State University, Fort Collins, CO.

20. Alley, N. 2003. Iterative model development for natural resource managers: a case example from the Grand Staircase-Escalante National Monument, Utah. Masters Thesis, Colorado State University, Fort Collins, CO.

21. Crosier, C.  2004. Data synergies and invasive plant species distributions in Colorado. Ph.D. Dissertation, Colorado State University, Fort Collins, CO.

22. Chong, G.W., T.J. Stohlgren, C. Crosier, S. Simonson, G. Newman, and E. Petterson. 2003. Ecological Effects of the Hayman Fire: Part 7: Key Invasive Nonnative Plants. Pages 244-249. In Graham, R.T. (Technical Editor). Hayman Fire Case Study. Gen. Tech. Rep. RMRS-GTR-114. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 396 p.

23.  Kotliar, N.B., S. Simonson, G.W. Chong, and D. Theobold. 2003. Ecological Effects of the Hayman Fire: Part 8: Effects on Species of Concern. Pages 250-262. In Graham, R.T. (Technical Editor). Hayman Fire Case Study. Gen. Tech. Rep. RMRS-GTR-114. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 396 p.

24. Otsuki, Y., T.J. Stohlgren, D.A. Guenther, P.H. Evangelista, C.Villa, and M.A. Waters. 2004.  Evaluating plant invasions from both habitat and species perspectives. Western North American Naturalist (In Review).

25. Waters, M.A, T.J. Stohlgren, D.A. Guenther, and P.H. Evangelista. 2004. Natural variation in diversity and invasion patterns. (In Progress)

26. Evangelista, P.H., D.A. Guenther, T.J. Stohlgren, and J. Belnap. 2004. Use of visual assessments of cryptobiotic crusts to evaluate productivity. (In Progress)

27. Evangelista, P.H., T.J. Stohlgren, N.W. Alley, and J. Graham. 2004. Early Detection and Mapping Techniques for Tamarisk in Hackberry Canyon, Utah. (In Progress)

28. Alley, N.W., T.J. Stohlgren, P.H. Evangelista, and D.A. Guenther. 2004. Iterative model development for natural resource managers: a case example in Grand Staircase-Escalante National Monument. Geographic Information Sciences (Accepted)

29. Waters, M.A., T.J. Stohlgren, P. Evangelista, D. Guenther, N. Alley, G.J. Newman, editors. 2004. Landscape-Scale Assessment of Grand Staircase-Escalante National Monument. Fort Collins, CO: Natural Resource Ecology Laboratory. 205 p.
30. Crosier, C.S. and T.J. Stohlgren. 2004. Improving biodiversity knowledge through dataset synergy: a case study of non-native vascular plants in Colorado. Weed Technology. (Submitted).
31. Crosier, C.S. and T.J. Stohlgren. 2004. Predicting species richness and identifying hotspots of invasion at fine resolution for the state of Colorado. (In Progress).
32. Crosier, C.S. and T.J. Stohlgren. 2004. A spatial GLM to determine the potential probability of occurrence for an invasive species in the state of Colorado. (In Progress). 
33. Stohlgren, TJ, D Barnett, C Flather, P Fuller, B Peterjohn, J Kartesz, and LL Master. 2004. Species richness and patterns of invasion in plants, birds, and fishes in the United States. Biological Invasions. (In Review).
Web sites

Old National Institute of Invasive Species Science website:
http://kiowa.colostate.edu/cwis438/niiss/index.html
New Institute of Invasive Species Science development website:
Always at:

http://www.niiss.org
Temporarily at:

http://squall.nrel.colostate.edu/cwis438/niiss/index.html
NBII Invasive Species Information Node:

http://invasivespecies.nbii.gov
NASA/USGS Invasive Species Forecasting System:

http://bp.gsfc.nasa.gov/index.html
Tamarisk Cooperative Mapping Initiative (TMAP):

Temporarily at:

http://squall.nrel.colostate.edu/cwis438/tmap/index.html
Invited Science Talks (2003)—a key aspect of our Outreach Program

“The Rich Get Richer: Don’t Let Small-scale Experiments Fool You” Conference on Invasive Plants in Natural and Managed Systems: Linking Science and Management and 7th Annual International Conference on the Ecology and Management of Alien Plant Invasions, November 3-8, 2003, Fort Lauderdale, Florida (Stohlgren).

“A NASA-USGS Invasive Species Forecasting System” Conference on Invasive Plants in Natural and Managed Systems: Linking Science and Management and 7th Annual International Conference on the Ecology and Management of Alien Plant Invasions, November 3-8, 2003, Fort Lauderdale, Florida (J. Schnase, NASA).

“The National Institute of Invasive Species Science” The Nature Conservancy Annual Meeting in Fort Lauderdale, FL, November 2, 2003 (C. Crosier) 

“Mapping and Modeling Non-native Species Invasions: Ecological Forecasting in the 21st Century,” Women in Science and Engineering Conference, September 2003, Alabama (Stohlgren).

“Information Management for the National Institute of Invasive Species Science” Long-Term Ecological Research Program Annual Meeting in Seattle, WA, September 2003, (G. Newman) 

“Plant Invasions: a National and International Perspective,” New England Weed Society, October 2003, Framingham, MA  (Stohlgren).

“Patterns of Non-native Species Invasions in the United States” June 24-26, 3003, University of Wyoming 2003 Ecological/Economic Conference of Bioinvasions (Stohlgren)

“Predicting Plant Invasions in the United States and the World” Canadian Botanical Society Keynote Speaker, June, 2003, Nova Scotia, Canada (Stohlgren, co-author)

“The National Institute of Invasive Species Science,” one of three talks selected for the Department of Interior’s Senior Executive Service Retreat, Virginia, May 7-8, 2003.

For More Information:

Thomas J. Stohlgren, Science Program Director

USGS National Institute of Invasive Species Science, Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO  80523-1499

Phone: 970-491-1980, Fax: 970-491-1965, Email: tom_stohlgren@USGS.gov

http:/nrel.colostate.edu/Stohlgren/projects/niiss/niiss.html
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