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Project objectives and need
One of the biggest threats to wetland conservation in the Great Salt Lake (GSL) Ecoregion is the
invasion of Phragmites australis. Across the continent and in Utah, managers seek effective
tools for controlling phragmites and reestablishing critical migratory bird habitat. The purpose
of this project is to improve phragmites-invaded wetland habitat for the millions of migratory
birds in the Central and Pacific Flyways that use GSL wetlands. Our broad project goal is to
develop effective techniques for habitat restoration in GSL wetlands following phragmites
control. The specific objectives are listed below with a final report on progress made on those
objectives and how we have impacted on-the-ground conservation.
Project activities and accomplishments
Objective 1: Evaluate the effectiveness of different techniques for reestablishing bulrushes via
seeds. (David England M.S. thesis research and Emily Martin dissertation research)
Quantitative measures
Effectiveness is being evaluated in terms of the performance of the three bulrush species in
greenhouse and field seeding demonstration plots.
Activities
Tackifier greenhouse experiment
We conducted a series of experiments in the greenhouse to evaluate the effectiveness of different
tackifier types and concentrations on bulrush performance, under flooded and unflooded
conditions.
Seeding demonstration trial at Farmington Bay Waterfowl Management Area
Based on the results of these greenhouse experiments, we conducted a large-scale field
experiment to evaluate the effects of tackifier, mulch, seed sowing timing, and Phragmites litter
removal techniques on native plant seedling emergence.
Significant findings
Tackifier greenhouse experiment
We found that the M-binder tackifier enhanced bulrush seedling emergence, biomass, and
flowering more than the Turbo Tack tackifier (Figure 1). The M-binder tackifier is organicallyderived (a plant) relative to the synthetic Turbo Tack so we are more likely to recommend the
broader use of M-binder. There were no differences between 1x and 7x the manufacturer
recommended concentrations in terms of effects on bulrush performance. Bulrush seedling
emergence was highest under flooded as opposed to saturated soil conditions.
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The addition of mulch, along with the tackifier, did not lead to greater bulrush seedling
emergence (data not shown). Pre-soaking seeds did not enhance bulrush seedling emergence nor
biomass (data not shown).
Seeding demonstration trial at Farmington Bay Waterfowl Management Area
We found that the “mow and remove” litter treatment relative to the “roll and crush” treatment
generally led to higher native plant stem density but not greater native plant cover (Figures 2-3).
Not surprisingly, litter cover was lower and bare ground cover was higher in the “mow and
remove” treatment (Figure 3). Phragmites cover was also generally higher in the “mow and
remove” treatment, but there was no consistent difference in Phragmites stem density between
the two litter treatments (Figures 2-3). In terms of the seeding treatment, there was no clear
difference in native stem density or cover by timing of seed sowing or mulch treatment (Figures
2-3). Given the large amount of Phragmites reinvasion in the research plots (Figures 2-3), it is
important to reevaluate these treatments after additional Phragmites control to better assess the
potential for native plant recovery. We are repeating this experiment this summer (2018).
Figures for Objective 1
See next page.
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Figure 1. The effects of tackifier concentration and water level on B. maritimus (A) seedling
emergence, (B) average biomass, and (C) number of flowers produced. The treatments were 0F
= no tackifier flooded, 0S = no tackifier saturated, 1F = manufacturer recommended rate
flooded, 1S = manufacturer recommended rate saturated, 7F = 7 x manufacturer recommended
rate flooded, 7S = 7x manufacturer recommended rate saturated, 13F = 13x manufacturer
recommended rate flooded, and 13S = 13x manufacturer recommended rate saturated. Means
and standard errors were computed from the raw data.
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Figure 2. Stem density in August 2017 of the seeded native species (except Juncus balticus
which was not detected in any plots) and Phragmites australis. The two Phragmites litter
removal treatments are denoted at the top of the columns (“roll and crush” or “mow and
remove”). The seeding treatments were C = unseeded control, T1 = sowing timing #1 with
tackifier, T2 = sowing timing #2 with tackifier, TM1 = sowing timing #1 with tackifier and
mulch, and TM2 = sowing timing #2 with tackifier and mulch.
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Figure 3. Percent cover in August 2017 of Bolboschoenus maritimus (the only seeded native
species with appreciable cover), Phragmites australis, litter, and bare ground. The two
Phragmites litter removal treatments are denoted at the top of the columns (“roll and crush” or
“mow and remove”). The seeding treatments were C = unseeded control, T1 = sowing timing
#1 with tackifier, T2 = sowing timing #2 with tackifier, TM1 = sowing timing #1 with tackifier
and mulch, and TM2 = sowing timing #2 with tackifier and mulch.
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Objective 2: evaluate the effectiveness of different means for reestablishing bulrushes in
wetland sites. (Rachel Hager M.S. thesis research)
Quantitative measures
Effectiveness in being evaluated in terms of performance of the three bulrush species in
greenhouse studies.
Activities
We collected rhizome plant materials from throughout the Intermountain West in spring and
summer 2017 (Figure 4). The rhizomes were planted in outdoor mesocosms and in the
greenhouse on the USU campus in late spring / summer 2017. As the rhizome material
expanded over summer 2017 and outgrew their containers, the rhizomes were divided into
additional containers to continue the plant material increase. Baseline data on stem height,
flowering density, and biomass were collected.
Significant findings
We found that the different species, regardless of their source, allocated more energy either to
stem height / density or number of flowers, but not both (Figure 5). There was also substantial
variation among the source populations (Figure 5) over the growing season (Figure 6), and our
next steps for this research will be to determine if when planted in assemblages of different
source populations, the assemblages better “fill the space”, due to their height and density
variation among sources, to outcompete Phragmites.
Figures for objective 2
See next page.
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Figure 4. Map illustrating the location of rhizome collection sites. Red dots are Bolboschoenus
maritimus, green dots are Schoenoplectus acutus, and blue dots are Schoenoplectus americanus.
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Figure 5. Variation in number of stems, height of tallest stem, and number of flowers for
Schoenoplectus americanus, Schoenoplectus acutus, and Bolboschoenus maritimus illustrated
with a heat map based on source site latitude.
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Figure 5. Height (cm) over the growing season of Schoenoplectus americanus, Schoenoplectus
acutus, and Bolboschoenus maritimus for twelve sites per species sourced from throughout the
Intermountain West.
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Figure 6. Stem density over the growing season of Schoenoplectus americanus, Schoenoplectus
acutus, and Bolboschoenus maritimus for twelve sites per species sourced from throughout the
Intermountain West.
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Additional considerations
Project benefit to priority bird species and priority habitats
Given the critical importance of GSL wetland habitat (a priority area in the IWJV 2013
Implementation Plan) to priority bird species (see below), developing techniques to restore lost
wetland habitat is essential. Chapter 4 of the IWJV 2013 Implementation Plan explicitly
identifies Phragmites as a primary factor negatively impacting avian and wetland habitat quality
at GSL. Our research aims to restore this lost habitat by determining which treatments and
native plant sources result in the best native plant recovery following Phragmites control.
Effective restoration of habitat-forming native plants will provide valuable foraging or breeding
habitat for numerous priority species identified by the IWJV including, but not limited to:
Northern pintail, cinnamon teal, white-faced ibis, American avocet, black-necked stilt, and
marbled godwit. Significant proportions (>15%) of each of these populations annually use the
GSL wetlands (J. Vest personal communication).
Relationship between project and anticipated goals to regional and/or continental bird plans
The GSL is identified as a continentally or hemispherically important landscape for wetland
birds in the North American Waterfowl Management Plan, Western Hemispheric Shorebird
Reserve Network, Intermountain West Shorebird Conservation Plan, Intermountain West
Waterbird Conservation Plan, and, accordingly, in the IWJV Implementation Plans (1995, 2005,
2013). Phragmites has been identified as a primary factor negatively impacting avian habitat
quality at GSL (IWJV 2013 Implementation Plan). Our research will directly inform
management actions at GSL to restore and sustain quality wetland habitat for migratory birds
following Phragmites removal. Our research project has tightened linkages among wetland
managers on the GSL who work for state and federal agencies, as well as NGOs and private duck
clubs. This highly collaborative project, with its strengthened partnerships among regional
constituencies, will benefit broad goals of increasing migratory bird habitat in the GSL
Ecoregion.
Other results that were not anticipated
We were excited by the high emergence of native seedlings in our demonstration seeding plots
given that in previous studies our field seedling emergence numbers were negligible; we attribute
this to better water control at the Farmington Bay site. We were also surprised that the
Phragmites returned so aggressively at Farmington Bay despite the previous years’ herbicide
application and the seeding of native species.
Changes in capacity needs since the proposal was developed
There have been no major changes in capacity needs.
The single most important step as a result of the project and next steps
The most important step as part of this project was being able to provide science-backed
recommendations to managers based on our research findings. This step is particularly important
given that there has been no previous research on how to establish native species in GSL
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wetlands to guide on the ground efforts. Interestingly, most managers did not think they needed
to revegetate following Phragmites control but we are starting to see a shift in manager thinking
and actions. Now it is starting to be assumed that native reseeding has to be part of an effective
Phragmites management plan, and that is good news for avian habitat.
Duration of the project benefits
The research benefits will extend as long as Phragmites control and native plant revegetation are
occurring in this region. Our research results can guide these control and revegetation efforts
into the future.
Monitoring success of the project from this point on
The native seeding demonstration plots at Farmington Bay were treated again for Phragmites last
fall (2017) and reseeded this spring (2018). We will continue to monitor these plots through
2019.
Project transferability
The native seeding techniques that were evaluated in the Farmington Bay seeding demonstration
plots are now being implemented by some of our on-the-ground partners: Utah Division of
Wildlife Resources and Utah Division of Forestry, Fire & State Lands (UDWR and UDFFSL).
Both agencies are embarking on ambitious seedings in their Phragmites control areas. We are
also disseminating our research findings to other land managers including those at the Bear River
Migratory Bird Refuge.
Major upcoming milestones that will drive transferability. David England defended his thesis
in spring 2018, Rachel Hager will defend her thesis in spring 2019, and Emily Martin will defend
her dissertation in spring 2021. Their work (partially funded by this grant) are presented in
public seminars and their theses/dissertation will be published online and be freely available to
the public. As these students wrap up, there will be additional opportunities for peer reviewed
publications (to disseminate findings to the academic scientific community), outreach
presentations to managers and landowners throughout Utah, and development of formal
restoration guidance documents based on research findings.
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Images to include

Photo by Karin M. Kettenring. Emily Martin is hydroseeding one of her plots at Farmington Bay
Waterfowl Management Area.
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Graduate student Rachel Hager with one of her bulrush plants that is being grown out for
screening of performance of bulrushes sourced from throughout the Intermountain West.
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SUMMARY (add fields if necessary)
Number Description/Unit

Comments

Partner Biologist Position Established

N/A

Total Acres Protected

N/A

Total Acres Restored

Farmington Bay Waterfowl Management
Area: 0.74 acre

Total Acres Enhanced

N/A

Conservation Easements Acquired

N/A

Conservation Plans/Contracts
Developed

N/A

Landowner Visits

N/A

Partnering Organizations Involved

Federal: Howard Browers, US Fish and
Wildlife Service, Bear River Migratory Bird
Refuge. State: Keith Hambrecht and Laura
Vernon, Utah Division of Forestry, Fire &
State Lands, Sovereign Lands. David
England, Randy Berger, Rich Hansen, Chad
Cranney, Jason Jones, Utah Division of
Wildlife Resources.

Meetings/Work Groups Facilitated

N/A

Field Tours Hosted

N/A

Grant Proposals Written & Funded

Utah Division of Wildlife Resources, Utah
Division of Forestry, Fire & State Lands,
U.S. Fish and Wildlife Service, Utah
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Wetlands Foundation, Community
Foundation of Utah
Other (OUTREACH presentations)

GSL Technical Team meeting, Salt Lake
City, UT
Southshore Wetlands & Wildlife
Management, Inc. annual meeting, Salt Lake
City, UT
Utah Division of Wildlife Resources, Salt
Lake City, UT
Utah Wetlands Foundation, Salt Lake City,
UT

BY PROJECT* (add fields if necessary)
Number Description/Unit
Property/Project Name:
Town):
Acres Protected
•

Wetland Acres

•

Riparian Acres

•

Upland Acres

Comments
Location (GPS Waypoint or Nearest

N/A

(Specify Habitat Type)

Acres Restored
54

•

Wetland Acres

•

Riparian Acres
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•

Upland Acres

(Specify Habitat Type)

Acres Enhanced
•

Wetland Acres

•

Riparian Acres

•

Upland Acres

(Specify Habitat Type)
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