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Figure 5. A. Released, floating anchor ice in the Powder River below Beaver Creek on 2/9/2010. The
open-water sub-channel is 5m wide; the largest, floating anchor ice masses are 1m in diameter. B. Close
up of released, floating Powder River anchor ice on 2/9/2010. The sediment in the released anchor ice
was predominately sand and gravel. Sediment concentrations in released anchor ice samples reached
37gI™.
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Characterization of Algal Blooms Affecting Wyoming Irrigation Infrastructure:
Microbiological Groundwork for Effective Management

Pls: Naomi Ward and Blaire Steven, Department of Molecular Biology, University of Wyoming
Annual Report, Year 1 of 2
Project Duration: 03/01/2009-02/28/2011

Abstract:

Eutrophication, resulting from increased nutrient input into a water body, is one of the most
pervasive water quality problems in the United States, affecting lakes, estuaries, streams, and
wetlands. Eutrophication is often driven by human activities such as agriculture, where fertilizer
run-off and soil erosion are major sources of the nutrient load. The effects of eutrophication
include algal/cyanobacteria blooms, leading to hypoxia of the water column and subsequent
decline in submerged vegetation, and fish kills. Locally, management of algal blooms represents
a significant cost to maintaining the irrigation infrastructure in Wyoming. The effectiveness and
environmental impact of these algae treatment strategies are not well understood. It is very
difficult to estimate or monitor the total amount of algaecides released into the environment, and
the full range of species affected remains unknown. Development of more effective algae
treatment strategies is hampered by a knowledge gap: we have not identified the key algal and
bacterial species and processes involved in establishing, maintaining, and degrading algal
blooms in Wyoming lakes. We are working to address this knowledge gap and thus provide a
sound microbiological foundation for long-term development of more targeted, effective algae
treatment strategies. In order to achieve this objective, we are (1) Characterizing
algae/cyanobacteria species responsible for blooms, (2) Characterizing the role of bloom-
associated bacteria, and (3) Developing model systems to test bacterial/algal interactions. Our
long-term goal is to anticipate the type and severity of the bloom and propose predictive
management strategies (as opposed to the reactive treatment protocols currently employed).

Objectives:

(1) Characterize algae/cyanobacteria species responsible for blooms,
(2) Characterize the role of bloom-associated bacteria, and

(3) Develop model systems to test bacterial/algal interactions.

Methodology:

A. Field Work. We are working at two sites: Labonte Lake in Laramie (impacted urban lake),
and Rock Lake (impacted agricultural lake). Sample types include the lake sediment, water
column, and any macroscopically observed algal bloom material. Samples have been subdivided
for water quality analysis, microscopy, and DNA extraction.

B. Laboratory Work. Water quality analyses include total nitrogen, total phosphorus,
dissolved oxygen, and dissolved organic carbon (DOC). Phase-contrast light microscopy is being
used to monitor the development of blooms. Profiling of the microbial community is being
performed by ribosomal RNA gene 454 FLX pyrosequencing. Sequencing is being performed by
Research and Testing Laboratories LLC (Lubbock, TX). We are performing separate analyses of
bacterial, archaeal, and algal populations. Small-subunit (16S) rRNA genes are being analyzed
for Bacteria and Archaea, and large-subunit (23S) rRNA genes for algae. This very large amount
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of sequencing is achieved by multiplexing the 454 runs with the use of bar-coded PCR primers.
We are able to simultaneously sequence 16S/23S rRNA genes from all samples on a PicoTiter
plate, yielding approximately 5,000 sequence reads per sample. Low-quality sequences are
removed and primer sequences trimmed and de-coded using in-house Perl scripts. DOTUR is
used to assign sequences to OTUs (Operational Taxonomic Units) at 96% identity, then one
sequence representing each of the resulting OTUs is selected for inclusion in a multiple sequence
alignment from which a phylogenetic tree is constructed (RaxML). This tree is used to cluster
the samples with UniFrac. BLAT, the BLAST-like alignment tool, is used to compare sequences
against sequence databases obtained from one of the publicly available rRNA sequence
resources. Matches with weak homologies are filtered out, and then each read assigned to a
specific taxonomic group, resulting in a weighted phylogeny.

Algal microcosms will be established in Year 2 to study specific interactions between algae
and bacteria under controlled conditions. Molecular characterization of the interactions will be
performed by 16S/23S rRNA sequencing as described above for the lake samples. Two
microcosm types will be set up: one in which we simulate a eutrophication event by addition of
extra nitrogen and phosphorus, and
a control untreated microcosm. We
anticipate running the microcosms
in triplicate for 4 weeks and
sampling weekly, resulting in 24
samples on which pyrosequencing
will be performed. Comparison of
&y the lake and microcosm data will
__ & allow us to determine whether the
o - algal-bacterial interactions observed

Labonte Lake

Mg/l

Ju

Rock Lake -=Dbissolved Oxygen
Total Nitrogen
Total Phosphorus
Total Organic Carbon

\

y 9th 2009 July 2151 2009 August 4th 2009

Fig. 1 2009 Water quality analysis data from LaBonte
Lake and Rock Lake

in our microcosms reflect the
natural relationships occurring in
the lake.

Principal Findings:

We have collected samples over the
course of 2009 bloom development
and collapse in Labonte Lake. This
has involved monthly sampling in
May and October, with bimonthly
sampling during the intervening 4
months, resulting in a total of 10
time points. We also collected peak
bloom samples from Rock Lake.
Analysis of water quality (Fig. 1) in
LaBonte Lake indicated that
dissolved oxygen increased until
peak algal bloom (mid July), and
then decreased during bloom decay.
Total organic carbon displayed an
inverse relationship to dissolved
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oxygen, while total nitrogen and phosphorus exhibited smaller fluctuations. Water quality data
for samples taken at Rock Lake at peak bloom (mid July to early August) fairly closely
resembled LaBonte Lake data from the same time period.

We have generated 141,155 bacterial 16S rDNA sequences, and 133,371 algae 23S rDNA plastid
sequences. Archaeal 16S rDNA sequencing is still underway. We are currently engaged in
determining the taxonomic affiliation of these sequences, a computationally intensive task that
will probably require another three months of work. Preliminary results from analysis of the
bacterial sequences in Labonte Lake (Fig. 2, below) suggest that microbial community
composition varies dramatically across the bloom season, more obviously in the water column
(0.22um and 0.45um filtered water) and algal mat samples than in the sediment. Particularly
dramatic  fluctuations were observed for the cyanobacteria, betaproteobacteria,
gammaproteobacteria, and actinobacteria in the water column and for the cyanobacteria in the
algal mat material. Given our long-term goal of using these data for more effective management
of algal blooms, we are particularly interested in the populations that increase prior to a bloom
(eg actinobacteria in the 0.22um filtered water) and may be contributing to conditions favorable
to algal bloom development. Likewise, we will pursue a focus on organisms that increase post-
bloom (e.g. betaproteobacteria and gammaproteobacteria in the 0.45um filtered water), and may
contribute to algal bloom decline.

~ Sediment " 0.22 um filtered water
. P
If- x‘\\
{ \\'l
/ \ J_r’r
/ \ e /
— —— \"\ ‘.‘\ ‘H[-//_ “‘\.\ \l‘/
e g, | \H I O NN
~10.45 um filtered water | Algal mat
- Actinobacteria -=- Bacteroidetes Cyanobacteria
—= Firmicutes ““Planctomycetes Alphaproteobacteria
Betaproteobacteria Gammaproteobacteria  Verrucomicrobia

Figure 2. Microbial community composition of sediment, water column, and algal mat samples taken
from LaBonte Lake over the course of an algal bloom in 2009. Community composition is measured at
the highest taxonomic level for bacteria, the phylum.
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Comparison of community composition from LaBonte Lake and Rock Lake sampled at the same
time (peak bloom) revealed that while water column and sediment communities were very
different, the composition of the algal mat material was remarkably similar at the phylum level
(Fig. 3). We will further analyze these data at lower taxonomic levels to see whether the two
lakes differ. If the similarity holds, this may be important to confirm in future years and may
have implications for management decisions. Remaining work includes the use of sequence data
to design taxon-specific FISH probes, 2010 sampling of both lakes, monitoring of 2010
population dynamics by FISH, isolation of algae-associated bacteria, and manipulation of algal
microcosms.

Labonte Lake

r I —
| ¥
N - S _
Sediment 0.22 pm 0.45 pm Algae
Rock Lake

\_” "d \\‘/ \\\.__’/
Actinobacteria & Alphaproteobacteria
Bacteroidetes Betaproteobacteria

Cyanobacteria

Figure 3. Comparison of microbial community composition of LaBonte Lake and Rock Lake peak
bloom samples

Significance:

The microbial community sequencing performed in our project will result in the most exhaustive
description of the bacterial community in a eutrophic lake performed to date. It will provide an
excellent foundation for selection of bacterial species and functions most relevant to bacteria-
algal interactions, for further study. Lastly, it will serve as a reference point for future
comparison of microbial communities associated with algal blooms in other lakes. Such
comparative analysis will be important to future determination of the most effective management
strategies that can be applied in lakes and reservoirs where algal blooms adversely affect
irrigation.
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Student support:

Undergraduate researcher Sage McCann was supported and trained by this project during the
summer of 2009. He is also included as a co-author on an abstract submitted to this year’s
International Symposium on Microbial Ecology, to take place in August (see below). Sage
(graduated Spring 2009, Molecular Biology) was previously an INBRE Transition Scholar, i.e. a
Wyoming community college student supported by NIH INBRE funds to participate in research
after transfer to UW. Therefore WRP support for Sage allowed further research training for a
community college transfer student. Sage is currently pursuing graduate studies in Pharmacy at
UW. An additional student (Kristie Capson, Molecular Biology) will be supported in Summer
2010. Postdoctoral fellow Blaire Steven has also received training for the duration of the project.

Publications (student names underlined):

1. Steven, B., S. E. Dowd, K. H. Schulmeyer, and N. L. Ward. Diversity and abundance of
planctomycete populations associated with an algal bloom in a eutrophic lake. Under
review at Applied and Environmental Microbiology (American Society for
Microbiology).

2. Steven, B. and N. L. Ward. Pyrosequencing-based characterization of bacterial, archaeal,
and algal population dynamics in a freshwater algal bloom. In preparation for The ISME
Journal (Nature Publishing Group).

Presentations (student names underlined):

1. Steven, B., and N. Ward. Deep sequencing of ribosomal RNA genes during an algal
bloom in a eutrophic lake: a primer for metagenomic sequencing. DOE Joint Genome
Institute 5™ Annual User Meeting: Genomics of Energy & Environment. Walnut Creek,
CA. March 24-26, 2010.

2. Steven, B., S. McCann, K. H. Schulmeyer, and N. L. Ward. Characterization of the
microbial diversity associated with algal blooms in a eutrophic freshwater lake. Abstract
submitted to 13" International Symposium on Microbial Ecology. Seattle, WA. August
22-27, 2010.
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Information Transfer Program Introduction
Information Transfer Program Introduction

During FY09, information dissemination efforts included reports and presentations by the Director to State
and Federal entities and the Private sector. The Director reports annually to the Wyoming Water Development
Commission and to the Select Water Committee (of the Wyoming Legislature). Presentations were given
throughout the state concerning the research program and project results. The Director serves as the
University of Wyoming Advisor to the Wyoming Water Development Commission and attends their monthly
meetings. This provides a means for coordinating between University researchers and Agency personnel. The
Director also serves as an advisor to the Wyoming Water Association (www.wyomingwater.org) and
regularly attends meetings of the Wyoming State Water Forum.

Publications and other information dissemination efforts were reported by the PIs of the projects funded under
this program. The project PIs report to the Institute s Advisory Committee on an annual basis. Presentations
discussing final results are made by PIs of projects which were completed during the year at the Committee s
July meeting. Presentations discussing interim results are made by PIs of continuing projects at the
Committee s fall/winter meeting. PIs are encouraged to publish in peer reviewed journals as well as
participate in state-wide water related meetings and conferences. Publications are listed in the individual
research reports.

Director information dissemination FY(09 activities included the following:

Director FY09 Service: (1) Wyoming Water Association Board Meeting (Advisor), Cheyenne, WY ., January
21, 2009. (2) Wyoming State Legislature, Agriculture Committee. Wyoming Water Development
Commission, Omnibus Water Plan. State Capital Bld., Cheyenne, WY ., January 27, 2009. (3) Wyoming
Water Association Board Meeting, Legislative Update, (Advisor), Cheyenne, WY ., January 28, 2009. (4)
Wyoming Engineering Society, 89th Annual Convention, Casper, WY ., February 5 and 6, 2009. (5) The
National Institutes for Water Resources (NIWR) annual meetings. Washington, DC., February 23-25, 2009.
(6) Wyoming Water Development Commission workshop-program selection criteria. Cheyenne, WY., March
5- 6, 2009. (7) Wyoming Weather Modification Coordination Meeting. Laramie, WY ., April 15, 2009. (8)
Sponsor, UW Water Instructors for the 7th Annual Conference, Wyoming Water Law, with CLE
International. Cheyenne, WY., April 16-17, 2009. (9) Sponsored and Attended four UW Students for Water
Research presentations at the 2009 AWRA Spring Specialty Conference, Managing Water Resources and
Development in a Changing Climate, Anchorage, AK., May 4-7, 2009. (10) Wyoming Water Development
Commission meeting, Cheyenne, WY., May 6-8, 2009. (11) Wyoming Water Association Committee
meeting, Cheyenne, WY., May 14, 2009. (12) Wyoming Water Development Commission Workshop.
Cheyenne, WY ., June 3, 2009. (13) Wyoming Water Development Commission/Select Water Committee
Meeting. Cheyenne, WY, June 4, 2009. (14) Wyoming Water Association Board Meeting/Summer Tour,
(Advisor). Thermopolis, WY, July 14-15, 2009. (15) Sponsor: Federal, State, and University Weather
Modification Science Rountable meeting. Lander, WY, July 20, 2009. (16) Wyoming Weather Modification
Technical Advisory Team Meeting. Lander, WY ., July - 21, (17) UW Water Research Program. WRP Priority
and Selection Committee meeting to select research priorities. Cheyenne, WY, July 23, 2009. (18) Wyoming
Water Development Commission/Select Water Committee joint workshop. Casper, WY., August 19, 2009.
(19) Wyoming Water Development Commission/Select Water Committee joint meeting/summer tour. Alpine,
WY., August 20 - 21, 2009. (20) Wyoming Water Association Board Meeting (Advisor), Sheridan, WY,
October 27, 2009. (21) Wyoming Water Association & Upper Missouri Water Association, Annual Meeting
& Educational Seminar. Sheridan, WY., October 28 -30, 2009. (22) Wyoming Weather Modification
2009-2010 Pre-project Ground School. Laramie, WY., November 12, 2009. (23) 64th Annual Wyoming
Association of Conservation Districts Convention, Partners in Resource Management, Cheyenne, WY.,
November 18 - 19, 2009. (24) UW Water Research Program Meeting. WRP Priority and Selection Committee
to select research projects. Cheyenne, WY., November 20, 2009. (25) State Engineer's office, development of
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Information Transfer Program Introduction

scope of work on Consumptive Water Use study for the State of Wyoming. Cheyenne, WY., December 11,
2009.

Director FY09 Presentations: (1) Wyoming Weather Modification Technical Advisory Team Meeting.
Presentation on Wind River Glacier Study, Cheyenne, WY., February 21, 2009. (2) Fifteenth ACM SIGKDD
International Conference on Knowledge Discovery and Data Mining, North Platte River, Wyoming,
Streamflow Forecasting. Paris, France, June 28-July 1, 2009. (3) UW-NPS Lectures Series Presentation,
Teton and Wind River Glacier Studies. Kelly, WY, July 16, 2009. (4) Wyoming Water Forum, Presentation
on Water Research Program Request for Proposals. Cheyenne, WY ., September 1, 2009. (5) North American
Interstate Weather Modification Council annual meeting. Presentation on Water Research Program
involvement in Weather Modification. Jackson Hole, WY ., September 30 thru November 2, 2009. (6)
Wyoming Water Development Commission meeting, establish recommendations to State Legislature for
Biennial funding for Office of Water Programs and FY2010 funding for Water Research Program. Cheyenne,
WY., October 7, 2009. (7) Wyoming Water Association & Upper Missouri Water Association, Annual
Meeting & Educational Seminar, Presentation on Wind River Glaciers/Streamflow Impacts. Sheridan, WY,
October 28, 2009. (8) Wyoming Water Development Commission/Select Water Committee workshop.
Presentation on the Wind River Glaciers, Level I Study. Casper, WY., November 4 - 6, 2009. (9) Wyoming
Water Development Commission/Select Water Committee joint workshop. Presentation on the UW Office of
Water Programs and Water Research Program. Casper, WY., November 4 - 6, 2009. (10) American
Geophysical Union fall meeting. Presentation on Glacier Variability in Wyomings Wind River Range and
Teton Range. San Francisco, CA., December 14 -18, 2009.

FY09 Information dissemination activities reported by research project PIs include the following:

Project 2007WY39B: Detecting the Signature of Glaciogenic Cloud Seeding in Orographic Snowstorms in
Wyoming Using the Wyoming Cloud Radar. (1) Geerts, B., Q. Miao, Y. Yang, R. Rasmussen, and D. Breed,
2010: Vertically-pointing airborne radar observations of the impact of glaciogenic cloud seeding on snowfall
from orographic clouds. Weather Modification Association meeting, Santa Fe NM, 21 thru 23 April. (2)
Geerts, B.: A series of progress reports presented at the Wyoming Cloud Seeding Pilot Project Advisory Team
meetings in Cheyenne or Lander WY (May 07, Oct 07, Feb 08, Dec 08, Jul 09, and Dec 09).

Project 2008WY43B: A New Method for Tracing Seepage from CBNG Water Holding Ponds in the Powder
River Basin, Wyoming. (1) Sharma S. and Baggett J. 2010. Role of stable isotopes in management of coalbed
natural gas co-produced water. Goldschmidt 2010, June 13 thru 18, Knoxville, Tennessee. (2) Sharma S. 2010
Role of stable isotopes in water-energy research. ENVES5895 Environmental Engineering Seminar sponsored
by Department of Civil and Architectural Engineering, University of Wyoming, 25 February 2010. (3)
Sharma S. and Baggett J.K. 2010. A stable isotope approach for tracing seepage out of coalbed methane
co-produced water holding ponds. Society of Range Management Annual meeting, Denver, February 7 thru
11. (4) Quillinan S., Frost C.D and Sharma S. 2009. Carbon isotope technique for coalbed aquifer
characterization; Powder River Basin, Wyoming. Geological Society of America 2009 Meeting, Portland,
October 18 thru 21. (5) Quillinan S. Frost C.D and Sharma S. 2009. Stable Isotope Techniques for Coalbed
Aquifer Characterization; Powder River Basin, Wyoming. AAPG Annual 2009 Convention, Denver, June 7
thru 10.

Project 2008WY44B: Water Quality Criteria for Wyoming Livestock and Wildlife. (1) B. Wise, M. Raisbeck,
2009. Water quality for Wyoming Livestock and Wildlife. Rocky Mountain SETAC, Denver 4/23/09. (2) M.
Raisbeck (2009) Water quality for Wyoming Livestock and Wildlife. Wyoming Water Law Conference,
Cheyenne, WY, 4/23/09. (3) B. Wise, M. Raisbeck (2010) Water quality for Wyoming Livestock and
Wildlife. 49th Annual Meeting of the Society of Toxicology, Salt Lake City, UT, 3/15/10. (4) B. Wise, M.
Raisbeck (2010) Water quality for Wyoming Livestock and Wildlife. Rocky Mountain SETAC, Denver, CO,
4/16/10. (5) M. F. Raisbeck (2009): Water Quality for Livestock. Wyoming Livestock Roundup. 8/4/09. (6)
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B. Wise and M. F. Raisbeck (2009): Water quality for livestock and wildlife. Wyoming Water Development
Commission, Cheyenne, WY 11/21/09.

Project 2009WY46B: Detecting the signature of glaciogenic cloud seeding in orographic snowstorms in
Wyoming II: Further airborne cloud radar and lidar measurements. (1) Geerts, B., Q. Miao, Y. Yang, R.
Rasmussen, and D. Breed, 2010: Vertically-pointing airborne radar observations of the impact of glaciogenic
cloud seeding on snowfall from orographic clouds. Weather Modification Association meeting, Santa Fe NM,
April 21 thru 23. (2) Geerts, B.: A series of progress reports presented at the Wyoming Cloud Seeding Pilot
Project Advisory Team meetings in Cheyenne (Dec 09) or in Lander WY (Jul 09).

Project 2009WY47B: Effects of Warm CBM Product Water Discharge on Winter Fluvial and Ice Processes in
the Powder River Basin. (1) Kempema, E.W. and Ettema, R. November 2010. Progress Report to the
Wyoming Water Development Commision, Cheyenne, WY. (2) Stiver, Jared, March 5, 2010. Effects of CBM
waters in the Powder River Basin, invited presentation to RNEW 5710 class taught by Dr. KJ Reddy. (3)
Kempema, E.W., Ettema, R, and Stiver, J. May 25, 2010. Effects of Coalbed Methane Product Water on
Winter Flow in the Powder River; Energy Resources and Produced Waters Conference.

Project 2009WY48B: Characterization of Algal Blooms Affecting Wyoming Irrigation Infrastructure:
Microbiological Groundwork for Effective Management. (1) Steven, B., and N. Ward. Deep sequencing of
ribosomal RNA genes during an algal bloom in a eutrophic lake: a primer for metagenomic sequencing. DOE
Joint Genome Institute Sth Annual User Meeting: Genomics of Energy & Environment. Walnut Creek, CA.
March 24 thru 26, 2010. (2) Steven, B., S. McCann, K. H. Schulmeyer, and N. L. Ward. Characterization of
the microbial diversity associated with algal blooms in a eutrophic freshwater lake. Abstract submitted to 13th
International Symposium on Microbial Ecology. Seattle, WA. August 22 thru 27, 2010.
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USGS Summer Intern Program

None.

USGS Summer Intern Program



Student Support

Category Section 104 Base | Section 104 NCGP NIWR-US.GS Supplemental Total
Grant Award Internship Awards
Undergraduate 6 0 0 0 6
Masters 8 0 0 3 11
Ph.D. 4 0 0 0 4
Post-Doc. 4 0 0 0 4
Total 22 0 0 3 25




Notable Awards and Achievements

Cover page of: Environmental Science and Technology, 43(23):2009. Image of fluorescently labeled tadpole
courtesy of Paul E. Johnson, Project 2005WY?24B, Real-Time Monitoring of E. Coli Contamination in
Wyoming.

The following grants/fellowships were successful, in part, because of data and samples collected using
WWDC/USGS funds: (1) Pribyl, P., NASA Space Grant Undergraduate Fellowship, 2009; (2) Pribyl, P., NSF
EPSCoR Undergraduate Research Fellowship, Summer 2009; (3) Shuman, B, NSF Geography and Regional
Sciences Program, CAREER: Effects of Prolonged Droughts, Severe Fires, and Forest Parasites on Regional
Ecosystem Pattern in the Rocky Mountains Over the Past 5,000 Years, $480,273.
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Publications from Prior Years

1. 2008WY45B ("Multi-Century Droughts in Wyoming's Past: Evidence of Prolonged Lake
Drawdown") - Articles in Refereed Scientific Journals - Shuman, B., P. Pribyl, T. A. Minckley, and
J.J. Shinker, 2010. Rapid hydrologic shifts and prolonged droughts in Rocky Mountain headwaters
during the Holocene, Geophysical Research Letters 37: L06701. doi:10.1029/2009GL042196.

2.2008WY45B ("Multi-Century Droughts in Wyoming's Past: Evidence of Prolonged Lake
Drawdown") - Articles in Refereed Scientific Journals - Shinker, J. J., B. N. Shuman, T. Minckley,
and A. Henderson, 2010. Climatic shifts in the availability of contested waters: a long-term
perspective from the headwaters of the North Platte River, Annals of the Association of American
Geographers, Forthcoming in October 2010 issue.

Publications from Prior Years
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