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• Purpose: Inform land 
acquisition by TNC

Biodiversity Inventories since 1974

 Built on museum and 
herbarium records

 Established systematic 
field inventories within 
(mostly) state government

Bob Jenkins TNC

Presenter
Presentation Notes
It is important to recall the reasons for our establishment as the Science Division of TNC.  In the 1970s TNC’s primary strategy was private land acquisition, and leadership proceeded with numerous land deals lacking any relative sense of their ecological value. 

One reason for this lack of knowledge was the lack of systematically developed biodiversity inventories.  The systematics community had been advancing species taxonomy; and for decades, gathering and cataloging specimens. But at the time of the passage of the US Endangered Species Act, there was relatively little information on the location and status of species.  

Under the leadership of their Science Director Bob Jenkins, TNC pursued the strategy of establishing biodiversity inventories within state governments as policy demands for these data would emerge. Most early Natural Heritage programs were initiated by reviewing existing locality records in museums and herbaria, in preparation for systematic field inventories; often organized by county within each state. 



separation distance (500m) for other natural 
land cover; 0.3 km for cultural vegetation; 

…and then there are distinct barriers

“Occurrence Specifications”
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Presentation Notes
EOSPECS determines a separation distance (1 km natural, 0.5 km cultural veg.), a minimum polygon size (2 ha), and an aggregate polygon size (25 ha).  Stepping-stones present an issue, where it meets the minimum polygon size. But a barrier is introduced forcing all combinations to fall below the 25 ha aggregate; so we have NO EOs (all are observations).

Under existing criteria we would have 3 10 ha EOs.

Most of our effort in the  past has focused on applying these criteria in the field.



Cumulative Element Occurrences (EOs)

~67,000 Element Occurrences for Natural Communities
>1,000,000 Element Occurrences for Species of 
Conservation Concern

Presenter
Presentation Notes
There are 15,022 plant taxa that have at least 1 EO record, for a grand total of 414,634 EOs.




Location Quality and Condition
Ecological Integrity = The ability of an ecological system to support and maintain a community of 
organisms that has the biotic composition, diversity, and functional organization comparable to 
those of natural habitats within a region1
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1 Parrish, J.D., D. P. Braun, and R.S. Unnasch. 2003. Are we conserving what we say we are? Measuring ecological integrity within 
protected areas. BioScience 53: 851-860.
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Presentation Notes
One core aspect of our methodology is documenting the relative quality/condition of biodiversity on the ground. All sites fall somewhere along this continuum.  Where we can apply some sort of threshold, A = high quality, low stress, D = severely degraded, high stress.  That’s what we do with a traditional EO Rank.

EIA came about in our work with natural communities, to clarify what we were measuring and why. Restoration practitioners can use this framework to specify baseline, current, and desired conditions, and how one could measure performance and progress. 

Some important references for our work here:

Cole, C. A. 2006. HGM and wetland functional assessment: Six degrees of separation from the data? Ecological Indicators 6:485-493. 

Collins, J.N., E.D. Stein, M. Sutula, R. Clark, A.E. Fetscher, L. Grenier, C. Grosso, and A. Wiskind. 2006. California Rapid Assessment Method (CRAM) for Wetlands and Riparian Areas. Version 4.2.3. 136 pp.

Comer, P.J. D. Faber-Langendoen, S. Menard, R. O’Connor, P. Higman, Y.M. Lee, B. Klatt. 2017. User Guide for Wetland Assessment and Monitoring in Natural Resource Damage Assessment and Restoration. Prepared for DoI Natural Resource Damage Assessment and Restoration Program. NatureServe, Arlington VA.
Brooks, R.P., D.H. Wardrop, and J.A. Bishop. 2004. Assessing wetland condition on a watershed basis in the Mid-Atlantic region using synoptic land-cover maps. Environmental Monitoring and Assessment 94:9-22.

Comer, P.J., P.J. Crist, M.S. Reid, J. Hak, H. Hamilton, D. Braun, G. Kittel., I. Varley, B. Unnasch, S. Auer, M. Creutzburg, D. Theobald, and L. Kutner. 2013. A Rapid Ecoregional Assessment of the Central Basin and Range Ecoregion. Report, appendices, and databases provided to the Bureau of Land Management. 

Faber-Langendoen, D. 2009. A freshwater wetlands monitoring and assessment framework for the Northeast Temperate Network, National Park Service. Natural Resource Report PS/NETN/NRR— 2009/143. National Park Service, Fort Collins, Colorado.

Faber-Langendoen, D., C. Hedge, M. Kost, S. Thomas, L. Smart, R. Smyth, J. Drake, S. Menard. 2012a. Assessment of wetland ecosystem condition across landscape regions: a multi-metric approach. Part A. Ecological Integrity Assessment overview and field study in Michigan and Indiana. EPA/600/R-12/021a. U.S. Environmental Protection Agency Office of Research and Development, Washington, DC. 

Faber-Langendoen, D., J. Rocchio, S. Thomas, M. Kost, C. Hedge, B. Nichols, K. Walz, G. Kittel, S. Menard, J. Drake, and E. Muldavin. 2012b. Assessment of wetland ecosystem condition across landscape regions: A multi-metric approach. Part B. Ecological Integrity Assessment protocols for rapid field methods (L2). EPA/600/R-12/021b. U.S. Environmental Protection Agency Office of Research and Development, Washington, DC. 

Fennessy, M.S., A.D. Jacobs, and M.E. Kentula. 2007. An evaluation of rapid methods for assessing the ecological condition of wetlands. Wetland 27:543-560.

Hak, J.C. and P.J. Comer. 2017. Modeling Landscape Condition for Biodiversity Assessment – Application in Temperate North America. Ecological Indicators Vol. 82:206-216

Harwell, M.A., V. Myers, T. Young, A. Bartuska, N. Gassman, J. H.Gentile, C. C. Harwell, S. Appelbaum, J. Barko, B. Causey, C. Johnson, A. McLean, R. Smola, P. Templet, and S. Tosini. 1999. A framework for an ecosystem integrity report card. BioScience 49: 543-556. 

Johnson, J. B., M. Beardsley, and J. Doran. 2008.  The Functional Assessment of Colorado Wetlands (FACWet) Methodology. http://rydberg.biology.colostate.edu/FACWet/.

Lee, D.C. and G.A. Bradshaw. 2004. Making Monitoring Work for Managers: thoughts on a conceptual framework for improving monitoring within large-scale ecosystem management efforts. US Forest Service Pacific Southwest Region (2004 DRAFT). 

Lemly, J., J. B. Johnson, L. Gilligan, and E. Carlson. 2013. Setting Mitigation in the Watershed Context: Demonstration and Description of Colorado’s Watershed Approach to Wetland Compensatory Mitigation. Prepared for U.S. EPA Region 8 by Colorado Natural Heritage Program, Fort Collins, CO. 

Mack, J. J. and M.E. Kentula. 2010. Metric Similarity in Vegetation-Based Wetland Assessment Methods. EPA/600/R-10/140. U.S. Environmental Protection Agency, Office of Research and Development, Washington, D.C.

Noon, B. R. 2003. Conceptual issues in monitoring ecological systems. Pages 27-71 in D. E. Busch and J. C. Trexler, editors. Monitoring ecosystems: Interdisciplinary approaches for evaluating ecoregional initiatives. Island Press, Washington, DC., USA 447 pp. 

Parrish, J.D., D. P. Braun, and R.S. Unnasch. 2003. Are we conserving what we say we are? Measuring ecological integrity within protected areas. BioScience 53: 851-860.

Stevenson, R.J., and F.R. Hauer. 2002. Integrating Hydrogeomorphic and Index of Biotic Integrity approaches for environmental assessment of wetlands. Journal of North American Benthological Society 21: 502-513. 

Tiner, R.W. 2004. Remotely-sensed indicators for monitoring the general condition of “natural habitat” in watersheds: an application for Delaware’s Nanticoke River watershed Ecological Indicators 4 (2004) 227–243.




Conservation Status = risk of rangewide loss for a 
given species or community type

Number of Occurrences/Area

Number of Occurrences/Area 
w/Good Quality

Range Extent

Area of Occupancy

Long-term Trend

Short-term Trend

Threats (Severity, Scope, and Immediacy)

G1 Critically Imperiled

G2 Imperiled

G3 Vulnerable

G4 Apparently Secure

G5 Demonstrably Secure

Apply to portion of 
range; e.g., N = Nation 
S=Subnation

N/S1 Critically 
Imperiled

N/S2 Imperiled

N/S3 Vulnerable

N/S4 Apparently 
Secure

N/S5 Demonstrably 
Secure
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Presentation Notes
Methods for documenting conservation status were based on field-documented element occurrence data.  This provided the rationale for prioritizing the elements that each program would track in their databases. This is a summary of criteria we use today for species status assessments.



Where is it?

Field Observations –
Classification, 
Modeling, and 
Monitoring

What is it?

Standardized
Taxonomy &  
Classification

Element Occurrences 
through Field 
Inventory 
= Reference Sites

Maps and Spatial 
Models

Presenter
Presentation Notes
Further underscores the notion that our “core data” extend beyond the EO, to observations and maps. 



Range Maps, Habitat Distributions, 
Risk Models

Presenter
Presentation Notes
And with increasing frequency, we can better address spatial dimensions of species that naturally occur at broader scales..

Perhaps breaking down habitat components and mapping them individually, etc.



IVC (EcoVeg) Hierarchy 9

Hierarchy Levels Example
Upper

Level 1 – Formation 
Class

Shrubland & Grassland

Level 2 – Formation 
Subclass

Temperate & Boreal Shrubland & 
Grassland

Level 3 - Formation Temperate Grassland & Shrubland
Mid

Level 4 – Division Great Plains Grassland & Shrubland
Level 5 – Macrogroup Great Plains Tallgrass Prairie
Level 6 – Group Central Great Plains Tallgrass Prairie

Lower
Level 7 – Alliance Big Bluestem – Indian grass Mesic Prairie

Level 8 – Association Big Bluestem – Indian grass / Gayfeather
Prairie
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*Faber-Langendoen, D., T. Keeler-Wolf, D. Meidinger, D. Tart, C. Josse, G. Navarro, B. Hoagland, S. Ponomarenko, J-P. Saucier, A. Weakley, and P. Comer. 
2014. Eco-Veg: a new approach to Vegetation Description and Classification. Ecological Monographs 84(4):533-561.

Presenter
Presentation Notes
Updated vegetation classification hierarchy (FGDC 2008, Faber-Langendoen et al. 2014).
Global vegetation models tend to depict concepts roughly at the thematic scale of Formation.
We tend to focus on finer thematic resolutions for inventory, assessment, management, and monitoring. 



>500,000 standardized and georeferenced sample 
plots with vegetation structure and composition

Presenter
Presentation Notes
LANDFIRE update (in progress through 2019) – 30m spatial resolution, ~ 600 map classes.
Imagery
Landsat composites (Spring, Summer, Fall, and in the southeast - Winter)
Tasseled Cap calculated on Landsat seasonal composites
NDVI (min, max, median, difference over 5 years)
DEM derivatives
Aspect
Slope
Elevation
Latitude Adjusted Elevation
Climate
Precipitation (annual average)
Temperature (annual average)
Soils
Soils (percent sand, silt, clay)
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Distributions and Trends in Extent

Presenter
Presentation Notes
Mapping and modeling has transformed over the past 20 years, with this one example where we’ve gone from coarse spatial and thematic resolution of current land cover, to being able to approximate historical extent of many, many types at continental scales.

The combination of current land uses with that “potential/historical” extent map allows us to approximate proportional loss by type over the recent centuries (e.g., since approximately 1600, with European settlement and the onset of industrial land uses). 

Here we’ve applied the percent loss category to the “potential/historical” extent map to visualize where there have been concentrated losses due to land conversion since 1600.

This is now providing us with useful context for ecosystem conservation, but still lacks spatial resolution for local decision making.

The additional of multi-spectral data (and in combination with radar, Lidar?) might facilitate testing hypotheses of beta diversity measures (in many forms) within and across readily recognizable vegetation types. 



Location Quality and Condition
Ecological Integrity = The ability of an ecological system to support and maintain a community of 
organisms that has the biotic composition, diversity, and functional organization comparable to 
those of natural habitats within a region1
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1 Parrish, J.D., D. P. Braun, and R.S. Unnasch. 2003. Are we conserving what we say we are? Measuring ecological integrity within 
protected areas. BioScience 53: 851-860.
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And could potentially enable us to test hypotheses about vegetation response to human-caused stressors, something we model today, focusing on the stressors themselves, but would like to know more about the true response by native taxa. 



Climate Change 
Vulnerability

Trends to mid-
21st century

compared to 1948-
1980 baseline

Intermountain Basins Big Sagebrush 
Shrubland

Presenter
Presentation Notes
It has been common practice to look to the past for a reliable baseline to evaluate current conditions, and describe desirable conditions, but with climate changing, it forces us to re-evaluate these assumptions and work within a more dynamic environment.

Example: This analysis combines the two previously calculated facets of climate exposure (“niche delta” and “climate suitability”)into a single index that serves as an input to the HCCVI. A future and a historic exposure layer are produced for each veg type. The deeper the color, the greater climate exposure we can expect, and it will interact with other factors (sensitivity and adaptive capacity) to express relative vulnerability.

Might we use multi-spectral data to assist with testing hypotheses of change that we are now formulating by integrating climate and land use forecasts?





Questions & Discussion
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