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Fort Collins Science Center 2011 Annual Report
Executive Summary

Introduction

The Fort Collins Science Center (FORT) is a multi-disciplinary research and development center
of the U.S. Geological Survey (USGS) located in Fort Collins, Colo. Organizationally, FORT is within
the USGS Rocky Mountain Area, although our work extends across the Nation and into several other
countries. FORT research focuses on needs of the land- and water-management bureaus within the U.S.
Department of the Interior (DOI), other Federal agencies, and the needs of State and non-government
organizations. As a Science Center, we emphasize a multi-disciplinary science approach to provide
information for resource-management decisionmaking. FORT’s vision is to maintain and continuously
improve the integrated, collaborative, world-class research needed to inform effective, science-based
land management. Our innovative scientists and technical specialists accomplish this mission in two
fundamental ways:

e We build teams across USGS centers
and Federal agencies.

Resource management decisions and
planning processes require a broad range
of biological, ecological, and economic
analyses and often must consider a
landscape or ecoregional perspective that
involves multiple Federal and State
agencies and often university and private
partners. Our Center has a long history of
addressing resource management and
planning issues, leveraging shared data
and expertise across centers and agencies.
This collaborative work has been
recognized through three consecutive DOI
“Partners in Conservation” awards and our
selection as the host site for the USGS
Infrared snapshot of a bat's flight trajectory (thin green line) as it passes a

John WeSIGY Powell Center for Analy51s wind turbine approximately 80 meters above the ground. Image courtesy
and Synthesis. of Mark Hayes, Colorado State University.

e We provide interdisciplinary science
support and Information Technology
infrastructure that facilitates integrated and collaborative research.

Advanced Information Technology (IT) and data capabilities at FORT include the Resource for
Advanced Modeling laboratory, high throughput and high performance computing resources,
and easily accessible libraries of large geospatial datasets. Our Center is also piloting for USGS
a number of cutting-edge technologies that could dramatically lower IT costs and improve
performance, such as network optimization tools and virtualization. These services provide
support to as many as 14 working groups per year for the Powell Center, in addition to new
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levels of data management and analysis for our own scientists. With an interdisciplinary science
staff from several USGS science centers, we are located within the Natural Resource Research
Center campus at Colorado State University, where there are more than 1,000 natural resource
professionals from six Federal agencies.

Our science and technological development activities and unique capabilities support all six
USGS scientific Mission Areas and contribute to successful, collaborative science efforts across the
USGS and DOIL. This year, we have organized our annual report into an Executive Summary with an
appendix of 70 science accomplishments. These one-page accomplishment descriptions are organized
by USGS Mission Area. As in prior years, lists of all FY2011 publications and other product types also
are appended.

This executive summary of our annual report provides brief highlights of a few key FORT
accomplishments for each Mission Area, along with a table cross-referencing all major FY11
accomplishments with the various Mission Areas each supports. I hope you will also peruse the
accomplishment descriptions in Appendix 1, as they describe the many and diverse ways in which the
“rubber meets the road” here at FORT.

Selected FORT Activities and Mission Area Support

Below are examples of some of this year’s science accomplishments that illustrate support to the
six USGS Mission Areas. Within the Ecosystems Mission Area, which funds the bulk of our work at
FORT, we list accomplishments by program. Each subheading is linked to the section of Appendix 1
containing summaries for all associated FY 11 accomplishments for that Mission Area or program.

HOW TO NAVIGATE THIS REPORT

= To “jump to” the section of appendix 1 containing science accomplishment
summaries for a particular Mission Area or program, simply click on the heading in
the Table of Contents or in the Executive Summary.

* To jump to an individual accomplishment summary, click on its Table of Contents
heading or table 1 accomplishment title.

» Important! To return to the place of any originating link you just used, hold down
the ALT key and click the left arrow key [ALT <.

Climate and Land-Use Change

A changing climate will, among other things, modify habitats being preserved for protected
species and possibly increase the land area at risk for invasive species. Regional- and taxa-specific
research needed to connect climate drivers with species habitat must have practical applications for
resource managers’ top-priority conservation issues and must support the work of the DOI Climate
Science Centers. Many FORT activities in FY 11 addressed aspects of climate change (see table 1,
especially the accomplishments listed under “Ecosystems—Terrestrial, Freshwater, and Marine


http://www.doi.gov/csc/index.cfm
http://www.doi.gov/csc/index.cfm

Environments”). Four notable activities focusing on climate-change needs, as well as its Landsat
Mission component, are these:

e Continued collaborative field research and data integration through the Western Mountain
Initiative (WMI) to provide perspectives on how climate variability and change are affecting
disturbance regimes, vegetation dynamics, and hydrologic processes across the western United
States. The WMI is a collaborative effort led by the USGS (including FORT, the Western
Ecological Research Center, and the Northern Rocky Mountain Science Center) in cooperation
with the U.S. Forest Service (USFS), National Park Service (NPS), Los Alamos National
Laboratory, and university scientists from across the West and around the world.

e Conducting a landscape assessment of relations among land use, hydrology, and wildlife habitats
in the Southern Great Plains region to support the multi-agency Great Plains Landscape
Conservation Cooperative.

¢ Field and greenhouse studies addressing potential direct and indirect effects of climate change
on both invasive and native riparian trees in the western United States.

e Completion of the first phase of an extensive survey conducted for the USGS Land Remote
Sensing Program of the users, uses, and value of Landsat imagery. This imagery has been
applied in a variety of research areas, such as global climate research, agriculture, and
environmental management. With the impending decommissioning of Landsat 5 and the planned
launch of Landsat 8 in 2013, the survey results are being used to inform delivery of the products
and services related to Landsat imagery and to understand how and why the imagery is
important to users in decisionmaking.

Core Science Systems

Assembling data and presenting it in meaningful ways becomes increasingly important as natural
resource issues span larger and larger geographic, political, organizational, and scientific boundaries. In
FY11, FORT’s cadre of more than 40 information technologists helped tackle a number of priority
science and information issues by developing processes and products that have saved considerable time
and money. These technologies have provided
access to and easy use of enormous
aggregations of data, and in one case have
brought analyses that were once
computationally intractable into the realm of
not only possible but also fast, just using local
resources. Examples include:

e LC MAP (Landscape Conservation
Management and Analysis Portal), a
Web-based system that allows State,
Federal, university, and non-
governmental organization (NGO)
partners in the Great Northern
Landscape Conservation Initiative
(GNLCQC) to securely share, access, and
analyze datasets and information. Other
LCC:s are starting to adopt LC MAP as
their data management and sharing

system as well. Mapping earthquake-related “tweets” in Central America. USGS image.
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e A citizen-based Twitter application that allows for more rapid notification and assessment of
earthquakes via “tweets” from people experiencing them.

e A Web-based portal by which State agencies can better share data related to the spread of white
nose syndrome, a fungus-caused disease that is devastating bat populations in 16 eastern and
midwestern states and 4 Canadian provinces.

e A Web-based application that helps the Bureau of Land Management (BLM) manage the
thousands of documents, datasets, images, and information requests they receive related to
natural gas extraction on almost 200,000 acres of sagebrush habitat in the Upper Green River
Basin in Wyoming.

e High-throughput and high-performance computing systems to execute analyses of vast amounts
of data requiring a significant amount of calculation, including species distribution models, two
dimensional (2D) three dimensional (3D) hydrodynamic numerical modeling, species trend
analysis, development of bioclimatic variables, landscape-scale ecological modeling, and
geostatistical simulations and analysis.

Ecosystems

Knowledge of ecological systems and their responses to natural and human stressors is a
continuing key science need. It is a serious challenge to integrate multiple science disciplines to
conceptualize and plan the interdisciplinary research needed to produce this knowledge right from the
beginning. FORT scientists led many interdisciplinary research projects in FY11 that connected (1)
human impacts, decision processes, and economic analysis and (2) data integration, analyses, and access
with complex ecological studies championed by the USGS. Examples follow, organized by program
focus:

Ecosystems—Fisheries: Aquatic and Endangered Resources

e Applying landscape-ecology principles to aquatic systems in the emerging field of hydroscapes
(a type of landscape wherein water covers a large number of patches or large areas for long time
periods), and synthesizing the processes and patterns across multiple spatial scales.

e Developing a national
taxonomic and ecological
database for diatoms, which
are used as barometers of
environmental status and
change for aquatic
community and ecosystem
assessment.

e Using the pattern of tree
ages on a flood plain to
reconstruct past channel
migrations and flood
history and to evaluate
climate-induced changes in
riparian forest
establishment. Shifts in

Screen capture from Diatoms of the United States Web site. USGS image.



river flow resulting from climate change are a major threat to water supplies and riverine
ecosystems worldwide, so predicting flow changes and their effects on vegetation is essential to
effective river management.

Ecosystems—Invasive Species

Continuing field research on brown treesnakes on
Guam to better inform landscape-level management
plans and snake suppression, and prevention
strategies. We continue to assist Guam National
Wildlife Refuge and Department of Defense facilities
in snake-barrier construction and maintenance as
well as snake detection. The brown treesnake has
extirpated most native bird species on Guam, as well
as bats and lizards. Were this snake to reach and
become established on the Hawaiian Islands, it could
result in economic and ecological disaster.

Ongoing development of capture tools for Burmese

pythons outside of Everglades National Park in

Florida, genetic identification of shed skins to

determine the extent of a newly discovered Northern

African python population, and analysis of a new

trap type and monitoring tool. Invasive Burmese

pythons are established in the greater Everglades Shane Siers weighs a captured brown treesnake on Guam.
ecosystem, grow up to 20 feet and 250 pounds, and  USGS photo.

are expanding their range in southern Florida.

FORT research is focused on preventing the snakes from establishing on the Florida Keys,
where they could decimate federally threatened and endangered species.

Field and greenhouse studies addressing potential direct and indirect effects of climate change
on both invasive and native riparian trees in the western United States.

Ecosystems—Status and Trends of
Biological Resources

Determining the critical loads of
nitrogen deposition in mountain lakes
in the Sierra Nevada, Rocky
Mountains, and New England. A
critical load is the input of a pollutant
below which detrimental ecological
effects are not observed to occur.

Collaborating with economists from

the DOI Office of Policy Analysis and

the USGS Science and Decisions

Center, and with economists,

scientists, and land.managers.fro.m Buffered wetland. Economic studies examine the benefits of conservation
BLM, NPS, U.S. Fish and Wildlife practices in the Plains and Prairie Potholes Landscape Conservation
Service (USFWS), and USFS to Cooperative. Photo by Mark Vandever, USGS.

develop case studies highlighting the



benefits to local economies of environmental restoration being conducted under the American
Restoration and Recovery Act.

Investigating the economic impacts various land uses have on rural communities in the Plains
and Prairie Pothole Landscape Conservation Cooperative (PPPLCC) area. Specific activities
include estimating the economic contribution of recreation and management activities taking
place on perennial habitat lands in sub-regions of the Prairie Pothole Region, and highlighting
the economic value of various ecosystem services produced by perennial habitat lands under
various land-use scenarios.

Ecosystems—Terrestrial, Freshwater, and Marine Environments

With the USFWS, testing small unmanned aircraft systems (UASs), or drones, to conduct non-
intrusive, safe, and accurate wildlife population estimates. We completed a successful pilot
project that estimated sandhill crane population abundance on migratory roost sites in the Monte
Vista National Wildlife Refuge in Colorado’s San Luis Valley.

Collaborating with USGS EROS Data Center and the BLM to combine intensive, targeted field
sampling with three resolutions of satellite imagery to produce detailed maps of sagebrush
habitat characteristics for the entire State of Wyoming. Sagebrush ecosystems are among the
most threatened habitats in North America, supporting sagebrush-obligate species of
conservation concern, such as sage-grouse and the pygmy rabbit.

Completing the first full year of operation of the John Wesley Powell Center for Analysis and
Synthesis with 10 working group meetings. The Powell Center facilitates the increasingly
important task of synthesizing biologic, hydrologic, geologic, geographic, social science, and
economic data to address complex environmental and societal problems. Working groups have
the full range of FORT technology, modeling, and data services available to them to support
their work.

Developing a multi-resource Integrated Assessment (IA) for the Wyoming Landscape
Conservation Initiative (WLCI) area to inform planning and decisionmaking in southwestern
Wyoming. The IA evaluates the natural, economic, and social context for energy development
and other land uses, with a focus on informing conservation actions and decisions. The IA
identifies areas with high potential for conservation, restoration, and/or development on both the
current landscape and future landscapes.

(Left) USGS certified Raven pilot Leanne Hanson launches the drone skyward. USGS photo. (Right) Infrared image taken from the Raven A
unmanned aircraft vehicle, showing concentrations of migrating sandhill cranes (white spots). USGS image.
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With the Northern Rocky Mountain Science Center, initiating a public-private partnership three
Federal agencies, an NGO, and a private rancher) to investigate expanding the existing bison
population (and ultimately establishing a contiguous bison herd) in Colorado’s San Luis Valley.
This work supports DOI’s recently initiated Bison Conservation Initiative.

Ecosystems—Wildlife and Terrestrial Resources

Developing a draft model of nesting-habitat selection by
golden eagles in northeastern Wyoming, and transposing
spatial data on landscapes of high value to raptors against
areas with high value for energy development, including
wind energy development, to identify where to target
conservation.

Continuing wild horse studies for the BLM to (1) evaluate
the effectiveness of fertility control to slow population
growth and (2) develop survey techniques that provide
more reliable estimates of population size. The BLM will
use the results of both our contraception and population
estimation studies to better manage wild horse populations
on western ranges within the agency’s jurisdiction.

Conducting landscape genetics studies to quantify the
effect of landscape features and their juxtaposition with
gene flow and spatial genetic variation to provide a better
understanding of population connectivity. Current studies
are looking at the relation and connectivity between
important areas of sage-grouse habitat and sage-grouse
populations and are investigating the impact of altered
hydrology on the distribution of wood frog genetic
variation in Rocky Mountain National Park.

Wildlife diseases continue to be a particularly critical issue

to species recovery and maintenance. In addition to the direct
effects of wildlife diseases on populations of at-risk species,

indirect effects of wildlife lost to disease include loss of

(Above) Black-footed ferret special edition of the

ecosystem services that benefit human health and economies, as Journal of Mammology. (Below) Gunnison sage-
well as increased risk of disease transmission at the human- grouse with GPS backpack. Photo: Doug Ouren,
wildlife interface. In FY11, FORT scientists developed the

knowledge base and mitigating measures by:

USGS.

Expanding a video-monitoring study to better understand the causes and consequences of white
nose syndrome (WNS), an emerging disease of hibernating bats causing unprecedented
population declines of multiple species in North America. Additional activities at FORT include
using habitat-association modeling to predict the potential spread of WNS and developing an
online database for tracking the disease.

Participating with USGS National Wildlife Health Center scientists and biologists from other
State and Federal agencies to form a “science advisory team” to help plan and oversee the
required safety and efficacy trials of an oral plague vaccine in the field on prairie dogs. Plague is
well known for its capability to cause large-scale epidemics in humans and similarly large-scale



epizootics in rodents, and the disease is a limiting factor in the successful reintroduction of
endangered black-footed ferret.

Energy and Minerals, and Environmental Health

Integrated assessment of energy and mineral resources is an explicit goal in the USGS Science

Strategy and is required for understanding the full costs and benefits of developing different energy and
mineral resources. Although energy development is important for the economic growth and security of
the Nation, it is likely to have unintended, harmful impacts on environmental health. Two particular
areas of concern are (1) the extraction of unconventional gas resources using hydraulic fracturing and
(2) wind-energy development. Several FY 11 activities addressed these issues:

A USGS Powell Center working group, led by FORT, that is conducting the first broad-scale,
data-driven assessment of hydraulic fracturing’s potential effects on U.S. water resources.

Measuring contaminant exposure in riparian food webs of the lower Manistique River and
Harbor in Michigan using sentinel species such as spiders to support remediation and restoration
by the U.S. Environmental Protection Agency (EPA).

Establishing a “Living Stream” laboratory facility at FORT for conducting a variety of
experiments on lake, stream, and riparian ecosystems. Capabilities and planned work include
investigating (1) the effects of climate change on stream chemistry and chemical exposure, (2)
pathways of organism and contaminant movement between aquatic and riparian ecosystems, and
(3) effects of contaminants (such as ash and fire retardants following forest fires) on stream
communities.

Conducting studies to address questions concerning the unprecedented mortality of migratory
tree-roosting bats at wind turbines, including the origins of bats killed by turbines, whether bats
are attracted to turbines, if mating and/or feeding behaviors play a role in fatalities, and how risk
to bats might be predicted before turbines are built.

Developing a draft model of nesting-habitat selection by golden eagles in northeastern Wyoming
and transposing spatial data on landscapes of high value to raptors against areas with high value
for energy development, including wind-energy development, to identify where to target
conservation measures.

(Left) Jonah gas field, 2007, Sublette County, Wyo. Photo: Stephen Germaine, USGS. (Right) Sampling contaminated sediments in a
backwater of the Manistique River in Michigan. Photo: David Walters, USGS



Water

Historically, “instream flows” have focused on annual minimum flows, but the pattern of flows
both within and across years is extremely important in determining instream habitat quality for a variety
of native fish, mussels, and invertebrates, as well as for invasive species. The pattern is also very
important from the standpoints of geomorphology, bed movement, establishment of riparian vegetation,
and water quality. In addition, predicting future flows and water quality due to energy development,
climate change, changing agricultural practices, and increased domestic demand will be important.
FORT has a 35-year history addressing these important issues. Although supported by funding from
other mission areas, a number of FY 11 accomplishments address key aspects of the Water science
strategy as can be seen in the Water cross-reference column of table 1. A few examples described in
previous sections include:

¢ Floodplain studies addressing the effects of climate change on both invasive and native riparian
trees along rivers in the western United States.

e Applying landscape-ecology principles to aquatic systems in the emerging field of hydroscapes.

e Measuring contaminant exposure in riparian food webs of the lower Manistique River to support
remediation and restoration by the EPA.

e A USGS Powell Center working group conducting the first broad-scale, data-based assessment
of hydraulic fracturing’s potential effects on water resources in the United States.

e Establishing a “Living Stream” laboratory for conducting a variety of experiments on lake,
stream, and riparian ecosystems.

e Developing high throughput computing and high performance computing systems to perform
analyses requiring a significant amount of calculation and data including 2D/3D hydrodynamic
numerical modeling.

For the Rest of the Story...

The science accomplishments highlighted above represent just a few of the FORT activities
associated with or supportive of each Mission Area. As table 1 and this summary show, results from the
studies supported by one Mission Area often have implications across other Mission Areas as well. For
summaries of each of the FY 11 accomplishments selected for reporting this year, please refer to
Appendix 1. FORT Science Accomplishments. Publications and products are listed in Appendix 2.
FORT Publications and Other Products Issued in FY2011.

David B. Hamiltovw

David B. Hamilton
Director, Fort Collins Science Center
August 20, 2012



Table 1. USGS Mission Areas and Programs supported by FY11 Fort Collins Science Center (FORT) scientific and
technical accomplishments, as reported in this document. Task accomplishments are listed by their primary USGS
Mission Area (and under the Ecosystems Mission Area, which supports the bulk of our research, also by
Program). Click the accomplishment title to jump to its summary. To return to the table, hold down the Alt
button and click the left arrow key: <ALT <>,

Accomplishment Title by USGS - [EEllEn e L0

Mission Area or Ecosystems Mission Climate and Energy and Core
Area P 2oy Land-Use Minerals, and N Water Science
[EpgeaEn systems ’ Hazards
Change Env. Health Systems

Administrative and Enterprise Information

Using Information Technology to
Increase Science Efficiency and v
Security

Climate and Land-Use Change

Supporting the Great Plains
Landscape Conservation v v v v
Cooperative

The Users, Uses, and Value of
Landsat Imagery v

The Western Mountain Initiative:
Forest Ecosystem Responses to

Climate Drivers in the Southern v v
Rocky Mountains

Core Science Systems

Scientific Breakthroughs: The John
Wesley Powell Center for Earth v v v v v v
System Analysis and Synthesis

ScienceBase Data Repository and

Catalog v v V V
Landscape Conservation

Management and Analysis Portal v v v
(LC-MAP)

Landscape Energy Action Plan v v
Support (LEAP)

Pinedale-Anticline Data v v v
Management System (PADMS)

The Use of High Throughput

Computing for USGS Core Sciences v v v v
Research

The Development and Application of

Derived Bioclimatic Variables from v v v

Climate Normals and Time-Series
Data
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Accomplishment Title by USGS

Mission Areas Addressed

Mission Area or Ecosystems Mission Eco- Climateand | Energy and Natural Core
Area Program Land-Use Minerals, and Water Science
SRl systems Hazards
Change Env. Health Systems

Geospatial Data Development of v v
Wyoming Roads
Rediscovering the Oregon,
California, Mormon Pioneer, and

v v
Pony Express
National Historic Trails

Ecosystems—Fisheries: Aquatic and Endangered Resources (FAER)
Developing a SmartRiverGIS
Application for 2D Aquatic Habitat v v
Modeling
Developing a National Taxonomic
and Ecological Database for v v v v
Diatoms
Processes and Patterns in
Hydroscapes: Fragmentation, v v v
Domestication, and Consequences
Statistical Improvements for v
Estimating Body Condition of Fish
Ecosystems—Invasive Species
Control of Invasive Giant Constrictor v
Snakes in Florida
Control and Prevention of the v
Invasive Brown Treesnake
Brown Treesnake Rapid Response v
Team
Potential Effects of Climate Change
on Invasive and Native Riparian v v v
Plants in the U.S. West
Resource for Advanced Modeling
and Software for Assisted Habitat v v
Modeling
Ecosystems—Status and Trends of Biological Resources

Assessing Visitor Experience on v v
National Wildlife Refuges
Monitoring Seasonal Change: Using
Remote Sensing to Measure Year-to- v v
Year Vegetation Variation at
National Parks
Science in Support of Policy:
Identifying Air-Pollutant Critical v v
Loads for Lakes
Assessing Socioeconomic Planning v v

Needs (ASPN)
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Accomplishment Title by USGS
Mission Area or Ecosystems Mission
Area Program

Mission Areas Addressed

Eco-
systems

Climate and
Land-Use
Change

Energy and
Minerals, and
Env. Health

Natural
Hazards

Water

Core
Science
Systems

Assessing the Economic Impacts of
Perennial Habitat Lands to Nearby
Rural Communities in the Prairies:
Potential Rural Development in the
Face of Global Economic and
Climate Changes

The Benefit Transfer and Visitor-Use
Estimating Models Toolkit

Economic Contribution of Federal
Investments in Restoration of
Degraded, Damaged, or Destroyed
Ecosystems

Assessment of lowa CREP Wetland
Buffers

Evaluation of Limited Grazing on
CRP in the Shortgrass Steppe

Do Natural or Restored Wetlands in
Agricultural Landscapes Facilitate
Source or Sink Amphibian
Populations?

Assessment of the Mexican Wolf
Reintroduction Project

v

Negotiation Training

v

Ecosystems—Terrestrial, Freshwater,

and Marine Environments

Sandhill Cranes in Colorado’s San
Luis Valley: Exploring New
Technology for Improved Population
Assessments

Landscape-Scale Sagebrush Habitat
Mapping and Monitoring

Integrated Assessment for the
Wyoming Landscape Conservation
Initiative

Assessing Effects of Energy
Development in Colorado and New
Mexico

Reconstructing Flood History from
Tree Rings

Managing Public Access as an
Adaptive Wildlife Management Tool:
Impacts of OHV Use on Elk

Gunnison Sage-Grouse Habitat Use
and Movement: The Crawford
Population
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Accomplishment Title by USGS

Mission Areas Addressed

Mission Area or Ecosystems Mission Climate and Energy and Core
Eco- Land-Use Minerals, and Natural Water Science
Area Program systems ’ Hazards
Change Env. Health Systems
Developing a Public—Private
Partnership to Support Potential v
Bison Restoration in the San Luis
Valley, Colorado
Sulfur Biogeochemistry of Aquatic v v

Ecosystems

Ecosystems—Wildlife and Terrestrial Resources

Field Testing an Oral Plague
Vaccine for Prairie Dogs

v

Commemorating the 30th
Anniversary of Re-discovery of
Black-footed Ferrets

Evaluating Habitat Objectives in
Comprehensive Conservation Plans
for National Wildlife Refuges

Ecological Investigations of White-
Nose Syndrome in Bats

Investigating Causes and
Consequences of Bats Fatalities at
Wind Turbines

Bats of Ouray National Wildlife
Refuge, Utah

The Ecological Role of Bats as
Reservoirs of Rabies Viruses. Final
Mathematical Model

Population Size of Island
Loggerhead Shrikes on Santa Rosa
and Santa Cruz Islands

Science in Support of Wild Horse
Management

Food Webs and Nutrition Inferred
from Stable Isotopes

Re-examining Genetic Patterns in
Sage-Grouse Using Genomic
Methods

Landscape Genetics: Integrating
Population Genetics and Landscape
Ecology

Assessing Greater Sage-Grouse
Population Connectivity Using
Genetic Approaches

Mapping Seasonal Habitats for
Greater Sage-Grouse in Wyoming
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Accomplishment Title by USGS

Mission Areas Addressed

Mission Area or Ecosystems Mission Eco- Climate and Energy and Natural Core
Area Program svstems Land-Use Minerals, and Hazards Water Science
y Change Env. Health Systems
Identifying Crucial Nesting Habitat v v
for Gunnison Sage-Grouse
Raptors and Wind Development:
Developing Science-based v v v
Conservation Tools
Using LiDAR to Measure Sagebrush
v . v v v
egetation
Pygmy Rabbits and Gas Field
. ; v v v
Development in Wyoming
Integrated Monitoring to Support the
Wyoming Landscape Conservation v v v v v
Initiative
II;Vyoming Basins Ecoregional v v v
ssessment
Energy and Minerals, and Environmental Health
Assessing Potential Effects of
Hydraulic Fracturing for Energy v v v v
Development on Water Resources
Distribution of Infrastructure and
Invasive Plants in Southwestern v v v v
Wyoming
Aquatic Experimental Laboratory v v v v
Capabilities Developed at FORT
Quantifying Biological Fluxes of
Stream Metals to Terrestrial Food v v v v
Webs
Using Spiders to Track Ecosystem
. v v
Exposure to Contaminants
Natural Hazards
USGS Twitter Earthquake v v
Dispatcher (@USGSted)
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Appendix 1. FORT Science Accomplishments for FY11

Highlights of FORT project accomplishments in FY11 are described below grouped under the
specific USGS Mission Area (and within Ecosystems, the science program) with which each task is
most closely associated, although there is considerable overlap. The work of FORT’s six branches
(Aquatic Systems, Ecosystem Dynamics, Information Science, Invasive Species Science, Policy
Analysis and Science Assistance, and Trust Species and Habitats) often involves major partnerships
with other agencies and cooperation throughout the USGS across its Mission Areas, geographic areas,
and science centers. These are noted using the following symbols:

. ‘. . .
[2.04 = major collaborative venture

@ = integrated science projects across USGS Mission Areas

24 = new science direction
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Using Information Technology to Increase Science Efficiency and Security

During FY'11, FORT’s Computer Operations Team continued to support the Information Technology (IT)
Transformation goals of the U.S. Department of the Interior (DOI) in areas such as virtualization (servers and
desktops), continuous monitoring (that is, Cyberscope compliance) and malware protection. As FORT’s
Computer Operations Team improves and implements leading-edge IT, they also share successes with other
agencies, with the sole goal of helping other USGS offices and DOI Bureaus gain the same benefits for their
scientists and users.

FORT’s Computer Operations Team completed its goal of having over 95 percent of FORT’s servers
virtualized by the end of 2011. Overall, FORT now has over 50 virtual servers (that as physical servers would
take up over 4 racks) and is down to 5 physical servers (taking up about 25 percent of 1 rack). This has greatly
reduced power consumption, server life-cycle costs, and server-room cooling requirements. Staff hours dedicated
to system maintenance have decreased considerably as a result. Return on investment was immediate and is
saving funds every year that can now be directed towards other initiatives and science. Additionally, the FORT
Computer Operations Team has begun extending virtualization to user desktops using VmWare View 5.x. When
completed, this technology will allow users to access any information or application they use in the office from
anywhere, using any device, while ensuring high levels of security and avoiding a complicated system
infrastructure in the backend. The FORT Computer Operations Team demonstrated this technology in two 3-
hour, hands-on classes for multiple DOI Bureaus in FY'11, as well as to representatives from USDA and the U.S.
Army.

FORT’s Computer Operations Team also presented a webinar for government agencies concerning
efficient, continuous, secure, and rapid monitoring of Federal IT assets, which will result in higher compliance
with Federal IT rules (Cyberscope) while reducing staff hours and freeing up dollars to other needed areas in the
Federal government. We also helped DOI’s Office of Special Trustee (OST) implement the same solution, which
allowed OST to rapidly deploy the solution across their entire Bureau in a few hours. Results were immediate,
real-time reporting, patching, and compliance information in a single, centralized console. At the end of FY'11,
FORT and OST were the only organizations in DOI that were able to consistently and easily upload real-time
mandated security information to the Department of Homeland Security’s Cyberscope portal, according to DOI
personnel responsible for monitoring and tracking DOI submissions to Cyberscope. The solution allows
centralized, real-time asset inventory and auditing; real-time patching of all operating systems, including third-
party software; Federal compliance-checking on all operating systems (Windows, Linux, Mac, and Solaris); real-
time power management; monitoring, compliance enforcement, and reporting for Federal information system
security controls (including custom security-control checklists); mobile device management; antivirus monitoring
and compliance; and software license tracking and reporting.

The FORT Computer Operations Team also worked with the local U.S. Fish and Wildlife Service
(USFWS) IT team, co-located at the FORT headquarters building, and successfully completed a project to
combine multiple network circuits (USGS DS3 lines and USFWS T1 lines) into a single, shared 20-megabit DS3
circuit. This greatly increased bandwidth for both USFWS and USGS while saving money and maintaining
network security requirements for both the USFWS and USGS.

Overall, FORT’s Computer Operations Team is investigating and implementing leading-edge
technologies that can be scaled to other user groups with a potential goal of helping all offices within DOI meet
their IT consolidation and IT efficiency strategies. Initiatives such as continuous monitoring/compliance, server
and desktop virtualization, and circuit consolidation are all examples of how our team is continually working to
modernize DOI mission support with 21% Century IT.

Contact: Jeff Schafer
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Climate and Land-Use Change
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Supporting the Great Plains Landscape Conservation Cooperative

The Great Plains Landscape Conservation Cooperative (GPLCC) is a partnership that provides applied
science and decision-support tools to assist natural resource managers in conserving plants, fish, and wildlife in
the mid- and short-grass prairie of the southern Great Plains. It is part of a national network of public-private
partnerships, known as Landscape Conservation Cooperatives (LCCs), that work collaboratively across
jurisdictions and political boundaries to leverage resources and share science capacity. The GPLCC identifies
science priorities for the region and helps foster science that addresses these priorities, thus supporting wildlife
conservation efforts throughout the Great Plains. It also assists partners in building their own capacity to address
scientific challenges associated with our rapidly changing environment.

FORT is supporting the GPLCC with three projects initiated in FY11:

e A landscape assessment of the relations among land use, surface-water and groundwater hydrology, and
wildlife habitats in the Southern Great Plains Region and an associated broad-perspective, decision-
support tool for managing ecosystems and wildlife. Specific objectives are to (1) identify and characterize
associations between habitat conditions and surface and sub-surface patterns and processes; (2) identify
risks and direct threats to ecosystems, priority species, water quantity, and water quality due to overlap
and/or interactions with human land-use patterns such as energy development, habitat conversion,
fragmentation, and hydrologic stress; (3) identify and characterize areas with particular values and
opportunities for conservation, restoration, or amended management practices to improve land use,
hydrology, and habitat conditions; and (4) integrate representative data and statistical models for ready
application by managers and conservation planners in a geographic information system (GIS).

e A network analysis of playas and other wetlands in the GPLCC under various future scenarios, including
climate change, and a valuation of the ecosystem goods and services (such as water storage, biodiversity,
carbon sequestration, aquifer recharge, water quality, and others) provided by playas and other wetlands
in the GPLCC under similar scenarios. This work is being done in collaboration with the USGS
Cooperative Research Unit at Kansas State University.

e Development of the Landscape Conservation Management and Analysis Portal (LC-MAP), a Web-based
system that allows State, Federal, university, and nongovernmental-organization partners in the Great
Plains Landscape Conservation Initiative to securely share, access, and analyze datasets and information.

Clockwise from top left: Lesser prairie chicken (U.S. Fish and Wildlife Service photo); screen capture from LC-Map (USGS image);
wind turbines (U.S. Department of Commerce photo); shortgrass prairie (GPLCC photo).

Contact: Dave Hamilton
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The Users, Uses, and Value of Landsat Imagery

The currently operating Landsat satellites provide high-quality, multi-spectral, moderate-resolution
imagery of urban, rural, and remote lands for all areas of the world. Although the imagery has been applied in a
variety of research areas like global climate research, agriculture, and environmental management, little is known
about how private businesses, nonprofit organizations, tribes, and State and local governments actually use and
value the availability of Federally sponsored, moderate-resolution land imaging. In FY'11, FORT social scientists
reported the results of an extensive 2009 survey conducted for the USGS Land Remote Sensing Program on the
users, uses, and value of Landsat imagery. Along with the publication of the final report, presentations of the
results were given at the annual meeting of the Association of American Geographers in Seattle, Wash., in April
2011, and at the USGS Workshop on the Role of Economics in Reston, Va., in June 2011. We also developed and
served a Web feature (www.fort.usgs.gov/landsatsurvey) that presents the background of the study, survey results,
and more information about our survey methods. The USGS Land Remote Sensing Program is using the study
results to inform delivery of the products and services related to Landsat imagery and to understand how and why
the imagery is important to users in decisionmaking.

Landsat image of Dasht-e Kavir, or Great Salt Desert, Iran. Image from Earth as Art collection by
USGS Earth Resources Observation and Science Center.

Product:

Miller, H.M., Sexton, N.R., Koontz, Lynne, Loomis, John, Koontz, S.R., and Hermans, Caroline, 2011, The
users, uses, and value of Landsat imagery and other moderate-resolution satellite imagery in the United
States—Executive report. U.S. Geological Survey Open-File Report 2011-1031, 42 p.

Contact: Holly Miller
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The Western Mountain Initiative: Forest Ecosystem Responses to Climate
Drivers in the Southern Rocky Mountains

Climate-induced changes in water dynamics are beginning to affect mountain ecosystem processes in the
western United States as pervasive warming drives increased drought stress. Cascading effects on forest
ecosystems include increasing vegetation mortality, die-off of entire forest stands, longer and more intense fire
seasons, and increasing susceptibility to insect outbreaks. Over the past decade, these trends have been
particularly evident in montane forests of the U.S. Southwest, where warm droughts are resulting in widespread
tree mortality. Climate projections suggest that these phenomena will become more pronounced in the Southwest.
Improved understanding of how mountain ecosystems respond to climate change is essential for successful
natural resource management, and taking climate effects into consideration during management planning and
implementation will reduce surprises and damage to natural resources.

The USGS, including FORT, the Western Ecological Research Center, and the Northern Rocky Mountain
Science Center, has been collaborating with the U.S. Forest Service, National Park Service, Los Alamos National
Laboratory, and university scientists from across the West and around the world associated with long-term, global
change research. Together they are addressing these and related issues through an integrated project, “The
Western Mountain Initiative (WMI): Vulnerability and Adaptation to Climate Change in Western Mountain
Ecosystem.” Initiated in 2003, the WMI conducts long-term studies centered on national parks and forests in the
Sierra Nevada, Cascade Range, and Rocky Mountains. Our objective is to synthesize and integrate data and other
information to provide perspectives on how climate variability and change are affecting disturbance regimes,
vegetation dynamics, and hydrologic processes across the West. FORT scientists based at the Jemez Mountains
Field Station, located at Bandelier National Monument in New Mexico, have been focusing on the southern
Rocky Mountains. Specifically, we are studying recent changes in long-term patterns of disturbance processes;
forest growth; dynamics of change in vegetation cover; interactions among broad-scale forest die-off, fire, and
insect outbreaks; and the variability of these disturbances across time, space, and land use.

In 2011, we continued our research on drought-caused tree mortality, fire history, and fire effects, and we
co-organized a week-long workshop for land managers in northern New Mexico on adapting to climate change.
We also provided extensive emergency support to interagency land managers responding to the high-severity Las
Conchas Fire, which burned 156,000 acres in the Jemez Mountains, including 60 percent of Bandelier National
Monument. Overall, our work is advancing the scientific community’s understanding of how global climate
change is affecting forests and disturbance processes that drive these ecosystems. The products and results of our
work are being used by agencies and organizations throughout the world to inform policy and management.

Research community concern over [drought and heat anomalies implicated in tree die-offs, reported by
Allen et al. 2010] subsequently rocketed: in June 2011 Science Watch Essential Science Indicators
(http://www.sciencewatch.com/dr/tt/2011/1 1-juntt/) identified the Top Topic for the March 2005—February
2011 interval in “Environment/Ecology” as “global-change-type drought,” “drought-induced tree
mortality,” “heat-induced tree mortality,” and associated terms, additionally, Allen et al. (2010) shot to the
most cited paper of the past five years in Forest Ecology and Management within ~18 months following
publication with already > 100 citations. —Dr. David Breshears, University of Arizona, January 2012

Products:
Wilson, J.T., and C.D. Allen,. 2011, Seeing the forest and the trees—USGS scientist links local changes to global
scale: Fort Collins, Colo., USGS Fort Collins Science Center. Web feature, http.//www.fort.usgs.gov/CAllen/.

Williams, A.P., Allen, C.D., Swetnam, T.W., Millar, C.I., Michaelsen, J., Still, C.J., and Leavitt, S.W., 2010,
Forest responses to increasing aridity and warmth in southwestern North America: Proceedings of the National
Academy of Sciences U.S.A., v. 107, p. 21289-21294.

Adams, H.D., Luce, C.H., Breshears, D.D., Weiler, M., Hale, V.C., Allen, C.D., Smith, A.M.S., and Huxman,
T.E., 2011 (online), Ecohydrological consequences of drought- and infestation-triggered tree die-off—Insights
and hypotheses: Ecohydrology, v. 5, no. 2, p. 145-159.

Contact: Craig Allen
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Core Science Systems
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Scientific Breakthroughs: The John Wesley Powell Center for Earth System
Analysis and Synthesis

We are drowning in information, while starving for wisdom. The world will henceforth be run by
synthesizers, people able to put together the right information at the right time, think critically about it,
and make important choices wisely.

—E.O. Wilson, 1988

Housed at the USGS Fort Collins Science Center (FORT), the John Wesley Powell Center for Earth
System Analysis and Synthesis (http.//powellcenter.usgs.gov) addresses this prognostication of Dr. Wilson and
completed its first full year of operation in FY 2011. Five new Working Groups were selected (in addition to the
four initiated in the 2009—2010 pilot study years) through peer-review by the Science Advisory Board. The
Powell Center facilitates the important task of synthesizing biologic, hydrologic, geologic, geographic, and
socioeconomic data to address complex environmental and societal problems. The Center encourages use of
USGS databases to create new knowledge and tools, offers the opportunity to focus on complex earth system and
natural resource questions, and supports scientist-initiated interdisciplinary activities.

In addition to hosting 10 Working Group meetings and one preparatory workshop, we expanded our
computing capabilities in conjunction with FORT to provide shared disk space of at least one terabyte capacity,
licenses for geographic information systems (ERDAS, ENVI, and ArcGIS), and statistical software for Working
Group members. We now offer cloud computing capabilities for a number of complex models requiring ever-
larger datasets, and we are working to accommodate more model frameworks. Working Groups appreciate access
to our state-of-the-art computing capability.

Current Working Groups represent a broad range of earth system sciences and offer post-graduate Powell
Center Fellows and Mendenhall Fellows opportunities to enrich their experiences through collaborative and
interdisciplinary research.

On the first day of our workshop I got one of those rare, treasured ‘Aha!” moments — an epiphany that
gave me a deep new insight into tree mass growth. This sudden breakthrough simply wouldn't have
happened without the engaged and focused discussion of the workgroup members.

—Nate Stephenson, USGS

John Wesley Powell historic photo composite. Carol Quesensbury, USGS.

Contact: Jill Baron
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ScienceBase Data Repository and Catalog

ScienceBase is a USGS-led, collaborative scientific data- and information-management platform used

directly by science teams. The challenge for 2011 was to begin to move the product from proof of concept to
enterprise tool. In FY11, the FORT Applications Development Team accomplished these activities:

A user can now upload information directly into the catalog. This was a major integration of a separate
uploader tool into ScienceBase. Now the workflow of adding data to the catalog so that others may take
advantage of it is seamless.

The initial Web-page layout was revamped to look and act more like Google. Nearly everyone likely to
use ScienceBase knows how to Google, so arranging the ScienceBase page to work in the same way
makes the application easy to use. We also added an “Advanced Search” to narrow down search results
and a folder tree organization that allows communities to organize their uploaded data just like on a local
hard drive.

The users of other Web applications find it useful to be able to search for and display ScienceBase results
inside these other applications. ScienceBase’s “RESTful” Web services now provide a programmatic way
to search for and return catalog items. These results are delivered in either the XML or JSON code
formats.

ArcGIS professionals can now load complex maps into ScienceBase using an ESRI technology called
“map packages.” When a map-package catalog item is retrieved, the user not only sees the map but can
also manipulate it. This allows any user to see and work with geospatial data within ScienceBase.

We continued improved support for the workflow of scientific data. As the diagram below demonstrates,
ScienceBase is the collaboration, data collection, and data publication “glue” that enables a science team
to execute a project and make results available globally.

The ScienceBase global catalog is available to anyone at Attp:/www.sciencebase.gov. ScienceBase is

now the collaboration tool of choice for the multi-agency Landscape Conservation Cooperatives, the USGS
National Climate Change and Wildlife Science Center, and a growing number of DOI Climate Science Centers.

The USGS Mission Area of Core Science Systems calls for us to make information available. In today’s

electronic world, stability, quality, and ease of use are paramount to the effective use of software tools. We made
significant strides in 2011 to improve ScienceBase and match industry standards while also providing an
infrastructure, security, and work flow that support the scientific review process. By investing in ScienceBase, the
USGS has provided a “one-stop shop” for scientific data collaboration within a project team as well as
publication of the resulting data into the global catalog for the use of the global scientific community.

Organize Web
Project ScienceBase Services
Data

Data Discovery
and Development
Community

Portal (extract,

view, analyze)

Feedback Data User Mission-Specific
Data Presentation

Schematic of the ScienceBase work flow. USGS image.

Contact: 7im Kern
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Landscape Conservation Management and Analysis Portal (LC-MAP)

The Great Northern Landscape Conservation Cooperative (GNLCC) faced a daunting challenge: how to
capture, assess, manage, and integrate hundreds of datasets over a vast area. While the GNLCC could take
advantage of some of the data-portal options available through USGS, they needed a way to let a network of
analysts in different locations work on spatial datasets to build an integrated picture of the GNLCC as a whole.
The analysts came from state, local, Canadian provincial, and U.S. Federal government agencies as well as non-
governmental groups.

In 20102011, the FORT Applications Development Team worked with GNLCC and the USGS
ScienceBase project to build the Landscape Conservation Management and Analysis Portal (LC-MAP). The
application provides a collaborative virtual workspace allowing GNLCC partners, regardless of their agency
affiliation, to securely share, access, and analyze common datasets and information to further coordinate research,
management, and resource conservation. Project-level research, dataset development, and modeling can occur in
a secure virtual workspace where multiple partners can discover, assess, edit, analyze, and model common data
themes in near real-time. All GNLCC partners can safely store their data, control access, and develop metadata
using customized, intuitive data documentation tools.

We built LC-MAP on the USGS ScienceBase project, an open-source, scientific-data management and
integration system that employs Web-service communications to display and transfer data in a variety of formats.
ScienceBase allows the GNLCC to take advantage of data discovery and management features developed for
other user groups, as well as data storage, delivery, and notification features. For LC-MAP, we took advantage of
the infrastructure provided by ScienceBase and added analysis and modeling components to the application. The
core of the LC-MAP addition is the GIS Shared Work Environment. This allows users to do real-time distributed
research collaboration on GIS layers and geodatabases. ScienceBase then provides tools to capture metadata,
develop new and derived spatial layers, and publish completed datasets.

The Web Service features facilitate tracking and versioning of workflows. This allows geographically
dispersed collaborators to work in a shared, virtual environment, editing project datasets, implementing spatial
models, and publishing results to online portals and mappers. The GNLCC implemented the GIS Share for
multijurisdictional and international dataset collaboration and layer development.

LC-MAP builds new capability into ScienceBase, a core USGS Community for Data Integration project.
All ScienceBase users can take advantage of the technology and components contributed by LC-MAP.

Screen capture from the Landscape Conservation Management and Analysis Portal. USGS image.

Contact: 7im Kern
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Landscape Energy Action Plan Support (LEAP)

The U.S. Fish and Wildlife Service (USFWS) receives thousands of requests per year for new energy
development and transmission projects. These requests require extensive environmental review. The USFWS
discovered that many of these proposals fell in areas of significant resource sensitivity, an area that the project
proponent would undoubtedly not have chosen to develop if they had known the costs and restrictions in advance.
The USFWS needs to encourage project proponents to site projects in less restricted and sensitive areas.

The FORT Applications Development Team is working with the USFWS Mountain-Prairie Region, the
USFWS Washington Office, and NatureServe to build a way for USFWS Field Offices to perform and share
landscape-vulnerability assessments. Working with the Landscape Energy Action Plan (LEAP), FORT developed
methods to deliver office-specific base data to offices for assessments, and then provided a manageable repository
for assessment outputs. FORT also designed and implemented ways to deliver the appropriate assessment results
to USFWS portals. Project proponents can identify areas that are likely to be a regulatory problem before
investing too many resources, and they can view the data that fed the assessment.

LEAP is built on the USGS ScienceBase project, an open-source Scientific Data Management and
Integration system that employs Web-service communications to display and transfer data in a variety of formats.
ScienceBase allows USFWS Field Offices to take advantage of both data discovery and management features
developed for other user groups as well as data storage, delivery, and a GIS shared-work environment (GIS
Share). LEAP extended the GIS Share to include geoprocessing capability, thereby refining the Web service
outputs provide by ScienceBase.

The LEAP workflow employs some of the concepts developed for the Wyoming Landscape Conservation
Initiative, stacking spatial data layers to develop resource-vulnerability scenarios. USFWS Field Offices submit
model outputs and develop metadata using LEAP tools. USFWS portals allow project proponents to enter their
project information and then query LEAP for assessments that overlap with the area and topic of concern. LEAP
delivers both map and text outputs that can be embedded into USFWS portal pages.

Although this particular system was built for USFWS Field Offices and Web portals, the conceptual
framework could be used for any landscape-assessment project.

LEAP augments ScienceBase capabilities, a core USGS Community for Data Integration project. The
Wyoming Landscape Conservation Initiative (WLCI) and the Energy and Environment in the Rocky Mountain
Area (EERMA) projects (see p. 65) both employ aspects of the capabilities developed through LEAP.

Screen capture from the Landscape Energy Action Plan. USGS image.
Contact: Tim Kern
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Pinedale-Anticline Data Management System (PADMS)

The Pinedale-Anticline Project Office manages almost 200,000 acres of sagebrush habitat in the Upper
Green River basin in Wyoming. As the lead agency, the Bureau of Land Management (BLM) receives thousands
of documents, datasets, images, and requests for information on natural gas extraction activities in the area. The
BLM needs innovative ways to manage these items and track reclamation progress toward meeting natural
resource goals.

To assist the BLM with this data-management challenge, the FORT Applications Development Team
built a Web-based application that collects information the BLM will use to assess reclamation efforts and
determine whether (1) interim and long-term requirements and criteria are being met, (2) reclamation and
monitoring protocols are providing appropriate and sufficient information, and (3) data are being collected as
specified. The system, the Pinedale-Anticline Disturbance Tracking System (PADMS), supports reclamation
decisionmaking and trend evaluation associated with oil and gas activities in the Pinedale-Anticline fields in near
real-time.

In addition to storing area-specific data, the application compiles summary information across all
disturbed areas. This allows users to view information on a selected area, a selected gas company, and the entire
field. These features will enable the BLM to evaluate large amounts of data and derive information that was
previously unavailable, such as total acreage impacted, spatial changes over time, habitat fragmentation, stage of
reclamation by pad or as a summary, and success of reclamation efforts.

The application employs a suite of open-source, Java-based products to allow users to upload batches of
GIS datasets, spreadsheets, images, and support documents and to have these items automatically processed and
spatially referenced. Users access the application through secure Internet and Web protocols. Authorized users
can access data through their local ArcGIS via secure spatial Web services. This means that every BLM field
office and partner organization can access and work with PADMS data using software tools on their own
computers. Also, the public can view summary statistics and maps of disturbed and reclaimed areas.

The basis for this effort, automated batch spatial-dataset processing, is identical to the methods employed
in the USGS ScienceBase platform. The data collected is available to all USGS researchers through the
ScienceBase-integrated Web services.

Screen capture from the Pinedale-Anticline Data Management System. USGS image.

Contact: Tim Kern
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The Use of High Throughput Computing for USGS Core Sciences Research

Public land management agencies continually face resource management problems that are exacerbated
by climate warming, land-use change, and other human activities. As FORT works with managers in U.S.
Department of the Interior (DOI) agencies and other Federal, State, and private entities, researchers are finding
that the science needed to address their complex ecological questions across time and space produces substantial
amounts of data. The additional data and the volume of computations needed to analyze it require expanded
computing resources well beyond single- or even multiple-computer workstations. To meet this need for greater
computational capacity, FORT investigated how to resolve the many computational shortfalls previously
encountered when analyzing data for such projects.

We found a solution that uses high throughput computing (HTC) and high performance computing (HPC)
systems to take advantage of unused computer processing units (CPUs) within a local area network in order to
distribute and run highly complex analytical processes. HTC is a job-management and scheduling system that can
execute independent jobs on standard workstations via a local network or the Internet. It is extremely useful for
analyses that require a significant amount of calculations, data, or a combination of these. As management issues
and the associated research questions grow more complicated and multi-dimensional, the use of HTC is proving
invaluable in allowing us to undertake projects requiring extensive analyses.

In 2010-2011, FORT implemented an HTC system called Condor (http://research.cs.wisc.edu/condor/)
with approximately 300 CPUs. We then evaluated the system for selected case studies: (1) species-distribution
models using maximum entropy, (2) 2D/3D hydrodynamic numerical modeling, (3) species trend analysis and the
effects of the surrounding environment, (4) development of bioclimatic variables, (5) landscape-scale ecological
modeling, and (6) geostatistical simulations and statistical analysis. In using HTC for our selected case studies,
we learned that HTC is both promising and scalable for many research applications. We were able to demonstrate
the efficacy of HTC for a diverse and realistic set of projects, its effectiveness in substantially reducing overall
computing time, and its ability to harness existing computer resources. HTC will not only meet DOI and USGS
goals for enabling better research but also help meet computer-reduction initiatives, such as sharing computing
resources and enabling power management and green computing. Thus far, HTC has allowed FORT scientists to
complete many projects in a very short time that were initially believed impossible to accomplish due to the
amount of processing time required.

Schematic illustrating how a centrally managed system of desktop workstations and servers can
distribute and manage processes throughout a Local Area Network (LAN).

Product:

Wilson, J.T., and O’Donnell, M., 2011, High throughput computing—A solution for scientific analysis: Fort
Collins, Colo., Fort Collins Science Center, Web feature, available at http:/www.fort.usgs.gov/Condor.

Contact: Michael O 'Donnell
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The Development and Application of Derived Bioclimatic Variables from Climate
Normals and Time-Series Data

All species are affected by both climatic and non-climatic factors. Climate changes can impose
physiological constraints on species and therefore can affect species distributions to varying degrees. The
relationship between climate and most species varies due to local adaptation and other factors limiting
distribution, such as dispersion constraints related to habitat availability. Additionally, examining climate over
time is useful when quantifying the effects of climate changes on species distributions for past, current, and
forecasted climate scenarios.

To address historical and current scenarios, in FY11 FORT derived bioclimatic predictors (as defined by
Nix, 1986) from GIS data for the conterminous United States. We used two climate data sources, one from
Oregon State University (www.prism.oregonstate.edu/) and the other from Climate Source
(www.climatesource.com/) to better represent the types of seasonal trends pertinent to the physiological
constraints of different species. For example, wettest month and seasonal anomalies will generally capture
broader biological trends better than the temperature or the amount of precipitation for a given day, due to the
inherent variability associated with climate. Bioclimatic predictors capture information about annual (annual
mean temperature, annual precipitation) and seasonal mean climate conditions (annual range in temperature and
precipitation), as well as climate extremes and intra-year seasonality (temperature of the coldest and warmest
months, precipitation of the wettest and driest quarters).

We used both time-series and climate “normals” data from multiple-scale (400-meter [m], 800-m, 2-
kilometer [k], and 4-k) products between the years 1895 (min) and 2008 (max). Due to the volume, spatial extent,
and spatial and temporal resolution of the data, FORT used High Throughput Computing (HTC) to manage the
data processing via the Condor software (http.//research.cs.wisc.edu/condor/). Each set of 20 bioclimatic
predictors (20 products are derived for each calendar year) required the development of approximately 200
interim datasets, for a total of 576,000 datasets to obtain the final derived products. Further, all datasets required
conversion to GIS data formats, conversion of units for precipitation and temperature using relevant scale factors,
a defined map projection, and the importation and editing of metadata.

The bioclimatic variables derived from this process are an important source of biologically relevant
climate data for ecologists. Researchers and land managers can use these variables to inform habitat management
decisions in the present based on species relationships with climate and available habitat, while still considering
future climate changes. These data generally are used in spatially explicit statistical models that provide
mechanisms for either making predictions of species distributions or for building relationships that may suggest
where and when species are more likely to respond to climate changes.

Reference:

Nix, H.A., 1986, A biogeographic analysis of Australian elapid snakes, in Longmore, R., Ed., Atlas of elapid
snakes of Australia—Australian flora and Fauna Series 7: Canberra, Australia, Australian Government
Publishing Service, p. 4—15.

Contact: Michael O’ Donnell
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Geospatial Data Development of Wyoming Roads

The Wyoming State Office of the Bureau of Land Management (BLM) maintains a statewide GIS roads
database for the State of Wyoming. In early 2010, FORT agreed to assist the BLM by updating their 2001 roads
database to the 2009 National Agriculture Imagery Program (NAIP) imagery focusing on the 42 1:100,000-scale
quadrangles that fall within a BLM-identified priority area.

In 2011, the FORT GIS team on-screen digitized road features from the August 2009 NAIP imagery
using decision rules and a file geodatabase design that FORT and the BLM developed jointly. We systematically
updated roads using a processing grid designed to facilitate digitization at a visual scale of 1:4,000. Each
processing block was examined for omission and commission (select road classes only), spatial inaccuracy of 10
meters or greater, and classification inaccuracies. We then used a spatially stratified approach for sampling and
assessing the accuracy of the updated features within the priority area. We conducted this evaluation to assess
how accurate FORT technicians were when developing the updated transportation data layers. We also used this
information to make corrections to all identified errors; therefore, the final version of the transportation data
reflects all changes after errors were identified.

The updated roads layer will resolve known concerns with spatial and aspatial inaccuracies,
inconsistencies of scale representation, and non-standard attribution. It also will make the data coincident with a
single imagery source. The BLM needs these data for developing ecoregional assessments, environmental
assessments, environmental impact statements, resource management plans, travel management plans, and
records of decision, as well as for quantifying disturbances associated with wind energy, oil and gas activities,
and anthropogenic land uses (see images below).

Digitized roads layer: pre-update (left) and post update (right) results. Images by Robert Waltermire, USGS.

Product:

ArcGIS file geodatabase with a single feature class representing road centerlines, the corresponding FGDC
metadata, and supporting data layers used during database development.

Contact: Tammy Fancher
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Rediscovering the Oregon, California, Mormon Pioneer, and Pony Express
National Historic Trails

The National Park Service (NPS) National Trails System office based in Salt Lake City maintains a
geographical information systems (GIS) database of the Oregon, California, Mormon Pioneer, and Pony Express
National Historic Trails. The NPS continues to research and document the authentic segments of these trails
before they are lost to new developments and land-use changes. A large part of the research behind this effort is
based on historical paper maps, early twentieth-century aerial photographs, and written documentation by
individuals who spent much of their career studying the national historic trails and associated landmarks.

FORT’s GIS and Remote Sensing Team entered into an interagency agreement with the National Trails
System office to assist with digitizing portions of the historic trails and providing research into the availability of
historic aerial photography. In 2011, the team delivered three primary products and four value-added GIS
databases. The first primary product was a GIS database of the Oregon Trail in the State of Oregon. The NPS
provided (1) aerial photographs in digital format from the 1970s and (2) scans of USGS quadrangle maps
containing annotation by Aubrey L. Haines, author of the book, Historic Sites Along the Oregon Trail. We
produced a mosaic of the aerial photography, georeferenced the scanned USGS quadrangle maps, and then
digitized the Oregon Trail from the aerial photo mosaic while referencing lines and annotation drawn on the
USGS quadrangle maps. The resulting database included 14 information fields for each digitized arc and
complete standards-compliant metadata.

The second primary product consisted of the Oregon, California, Mormon Pioneer, and Pony Express
trails digitized in ArcGIS for the State of Wyoming. Based on small-scale digital data provided by the NPS (for
reference) and 2009 National Agriculture Imagery Program images, this database contained 15 fields of
information and complete standards-compliant metadata. The final primary product was a USGS Administrative
Report that documented historical aerial photography in general (seven national programs with aerial photo
acquisition), and specifically for three sites that were of particular interest to the NPS:

1. Working with the Wyoming State Office of the Bureau of Land Management (BLM), we were able to
document the existence of aerial photographs from the BLM, Natural Resources Conservation Service,
and the National Archives and Records Administration (NARA) for South Pass (Wyoming), with some
dating back to 1937.

2. Working with NARA we documented aerial photographs going back to 1938 for the Plum Creek site in
Nebraska.

3. Again working with NARA as well as Kansas State University, we documented aerial photography going
back to 1936 for the Alcove Spring site in Kansas.

We also provided three value-added GIS products in 2011 based on records and publications by Mr.
Haines. First, we digitized and attributed the 112 flight lines flown to acquire the aerial photographs used to
create the mosaic of photos in Oregon mentioned above. These flight lines were originally drawn on USGS
quadrangle maps by Mr. Haines. Second, we digitized and attributed lines and points that Mr. Haines had drawn
on USGS quadrangle maps depicting the location of the historic trail in Oregon and associated historic sites. We
included all of the lengthy annotation that Mr. Haines wrote on the maps. Third, we digitized and attributed 393
historical sites in Oregon that date back to 1841. These sites were based on locations documented in two books by
Mr. Haines, Historic Sites Along the Oregon Trail and Historic Resource Study and Historic Sites Along the
Oregon Trail. Finally, we developed a high-resolution GIS database of a section of the Oregon, California,
Mormon Pioneer, and Pony Express historic trails in Wyoming for the BLM.

Products:

Waltermire, R.G., 2011, Aerial photography sources for delineating the Oregon, California, Mormon Pioneer, and
Poly Express National Historic Trails in Kansas, Nebraska, Oregon, and Wyoming: U.S. Geological Survey,
Administrative Report for the National Park Service, National Historic Trails System, 59 p.

Several GIS databases.

Contact: Bob Waltermire
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Ecosystems—Fisheries: Aquatic and Endangered Resources
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Developing a SmartRiverGIS Application for 2D Aquatic Habitat Modeling

Aquatic two-dimensional (2D) habitat modeling is a complex process requiring numerous GIS inputs and
outputs. A separate input and output is needed for each flow, habitat variable, species, and life-stage combination.
This results in hundreds of inputs that must be classified, recombined, and processed to produce hundreds of
output files. Current GIS processing and viewing software is capable of handling the data and processing needs. It
also requires a high level of GIS expertise and can be cumbersome to use.

FORT scientists developed a desktop Windows application to allow decision makers and scientists to
casily view and change the inputs and parameters used in aquatic 2D habitat modeling. This application has built-
in GIS functionality for viewing inputs and visually inspecting how changes to instream flow and modeling
parameters will affect model output. The user can dynamically change all modeling equations and parameters and
then re-run the required geoprocessing. Habitat outputs can be viewed side by side and queried to investigate how
individual parameters affect modeling results.

The initial application was developed with data for the Hocker Flat site on the Trinity River in northern
California. Included in the initial analysis were three scenarios, four environmental covariates, and three species
with approximately three life stages each. In 2011, we delivered the application and data to collaborators working
on the Trinity River as a proof of concept. The application framework will be used as a template for creating
spatially enabled decision-support tools for aquatic systems, starting with the Delaware River in FY12.

SmartRiverGIS desktop application screenshot comparing model output across two scenarios.

Contact: Leanne Hanson
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Developing a National Taxonomic and Ecological Database for Diatoms

Diatoms are a major lineage within the microbial eukaryotes. In terms of species diversity and ecological
importance, they occupy a primary role as widespread, photosynthetic aquatic organisms. The use of diatoms as
barometers of environmental status and change has secured them as necessary tools of community and ecosystem
assessment. For example, each year in the United States, millions of dollars are spent by municipal, regional,
tribal, State, and Federal agencies to evaluate diatom communities as an indication of environmental condition.
The quality of diatom studies is wholly predicated upon accurate identification to a fine taxonomic level. Until
now, however, a comprehensive taxonomic and geographic freshwater diatom flora of the United States did not
exist.

The goal of this project is to complete a database of diatom flora of the United States by engaging the
expert community through an open-access, online resource. This project is vaulting the capacity of diatom
taxonomy, ecology, and biological assessment to a new level of excellence. The Diatoms of the United States
interface includes visual keys to guide new users to genera based on morphological groups. Experienced users,
including taxonomists and ecologists, gain access to species by search functions. Feedback from users has been
enthusiastic and users report that “That is one terrific website!” and “I use the site for the superior images and
updated nomenclature.”

In 2011, in addition to overseeing the expansion of species pages on the site, the FORT principal
investigator presented a summary to the National Water Quality Monitoring Council and received enthusiastic
support. Content from the site is being reproduced by the Spanish Ministry of Environment for national guides for
taxonomic literature, and the British Museum of Natural History is using the project as a model for a national
flora for the United Kingdom. The database also was nominated for the Geoscience Information Society “Best
Website” for 2011.

The project is funded by USGS NAWQA and includes expert contributors from academic and research
institutions.

(L) Screen capture of the Diatoms of the United States Taxa by Morphology page. (R) closeup views of an example diatom species’ structure.
USGS images.

Product:

Spaulding, S.A., 2010, Diatoms of the United States: Boulder, Colo., Diatoms of the United States, available at
http://westerndiatoms.colorado.edu/ .

Contact: Sarah Spaulding
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Processes and Patterns in Hydroscapes: Fragmentation, Domestication,
and Consequences

“Hydroscape” refers to a type of landscape where water covers a large number of patches or large arecas
for long time periods. In hydroscapes, water plays a defining role in the formation of spatial patterns and the
configuration of spatial processes, and water flow seems to be the determinant physical process that influences
and determines other physical, chemical, and biological processes. Globally, humans have fundamentally altered
the hydrological processes of freshwater systems and consequently many aquatic ecosystems. Water-control efforts
have led to hydroscape fragmentation and hydroscape domestication (the loss of natural dynamics and behavior
of water sources due to regulation and other human activities). Many hydroscapes have become human-
dominated landscapes.

Historically in landscape ecology, a majority of studies have been conducted in terrestrial systems.
Recently, aquatic studies have started to draw attention. Scientists at FORT believe that ecological studies of
hydroscapes can offer great insights about the mechanistic links between processes and patterns because of the
dominate role that water flow plays. Hydroscape ecology will be an emergent frontier in landscape ecology. In
addition, hydroscape domestication will be an important issue in landscape ecology, land management, natural
resource management, and ecosystem restoration.

We initiated an effort to synthesize the processes and patterns across seemingly diverse hydroscapes at
multiple spatial scales: riverscape, lakescape, wetland landscape, and coastscape. A symposium was organized at
the 8th World Congress on Landscape Ecology (held August 18-23, 2011, in Beijing, China) to bring together
ecologists from universities and research institutions to present their studies of major types of hydroscapes.
Speakers were invited to address two main questions:

1. What critical hydrologic features interact with other physical and biogeochemical processes to affect
ecosystem processes and patterns, and how?

2. How do human activities influence these hydrologic features, their interplays, and consequent ecosystem
processes and patterns?

The discussion and synthesis provided insight into how local human activities and natural processes
interact with human influences and landscape patterns at 