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EXPERIMENTAL TREATMENTS TO ERADICATE OR CONTROL BUFFELGRASS (Pennisetum ciliare) AT SAGUARO NATIONAL PARK, TUCSON, ARIZONA

Abstract:  Invasive exotic plants are identified as a threat to native biota by direct competition and by changing ecosystem composition and function. In the Sonoran Desert, a number of species of invasive exotic grasses threaten sensitive native biota. We propose to study the efficacy of a number of eradication treatments for buffelgrass (Pennisetum ciliare), a perennial exotic grass found within Saguaro National Park, and the potential effects of those treatments on native biota.

1.  Project Number: SAGU-N-044.003

2.  Project Title: Experimental Treatments to Eradicate or Control Buffelgrass (Pennisetum ciliare)

3.  Servicewide Issue(s):

N05 – Degradation of Park Resources Due to Non-Native Plants

N20 – Lack of Basic Data: Insufficient Understanding of Park Resources and Threats to Them

4.  Problem Statement: Federal, state and local land management agencies recognize the threat that exotic plants pose to native species and biodiversity in general. The US Department of Interior estimates that 4,600 acres of public lands per day are invaded by invasive species, and estimated losses to the American economy due to exotics are as high as $123 billion annually. While not all exotic species pose serious threats, some invasive exotics crowd out native species or disrupt ecosystem processes, which subsequently bring about the decline of native species. This runs especially contrary to the National Park Service (NPS) mission of preserving unimpaired natural areas in National Parks.

A number of invasive perennial and annual exotic grasses are identified as serious threats to native Sonoran Desert biota, where Saguaro National Park (SNP) is located. The Arizona Upland subdivision of the Sonoran Desert, characterized by the giant saguaro (Carnegia gigantea) and foothill palo verde (Cercidium microphyllum), is particularly at risk because these characteristic, dominant plant species experience high mortality from fire. Invasive exotic grasses provide a more continuous combustible fuel bed, which can increase fire size and frequency in the Sonoran Desert. Recurrent fires threaten fire-intolerant Sonoran desert plant species, especially the saguaro, to the point of localized extinction (Rogers 1985, D’Antonio and Vitousek 1992, McAuliffe 1997), and could result in vegetative type conversions from desertscrub to fire-adapted grasslands. Saguaro National Park has seen an increase in human-caused wildfires since the 1960’s (Swantek et al. 1999), threatening the Park’s protected Sonoran desert vegetation, and potentially creating a more favorable environment for exotic fire-adapted species.
As part of on-going US Geological Survey / Biological Resources Division (USGS/BRD) research, several perennial exotic grasses were identified as predominant invaders in the Sonoran Desert. One of these, buffelgrass (Pennisetum ciliare), has recently begun to spread vigorously in southern Arizona. Buffelgrass was introduced in an attempt to improve overgrazed range in southern Arizona; it was dropped from production in Arizona because of concerns of its ability to spread to non-rangelands. However, ranchers in Sonora, Mexico continue to clear vast acres of Sonoran desertscrub to plant buffelgrass for grazing. This planting effort just across the border is an ecological threat that has already made its presence known. In relatively undisturbed systems, buffelgrass competes with native vegetation for soil resources and nutrients, and can limit or displace native populations; it also alters ecosystem processes by changing the fire regime, nutrient cycling, and soil hydrology (Miller et al., in review). It may also impede movement of small mammals, and lead to larger shifts in wildlife population abundance and diversity.

In combination, these biological and physical changes have the potential to seriously reduce biodiversity over large parts of the Sonoran Desert. Buffelgrass occurs within SNP and other southern Arizona national parks; researchers at SNP noted its presence as early as 1988 (Brent Martin, pers. comm.), and some populations currently exceed a hectare. Very little is known about the potential of controlling or eradicating buffelgrass. In order to proceed with a broader effort to attempt to control this non-native species, a study of control methods is needed. 

5.  Alternative Actions/Solutions and Their Probable Impacts:

a. No Action: This would allow invasive exotic grasses to continue to infiltrate SNP, and subsequent changes to native biota and ecosystem processes would likely occur. We could potentially see a shift from Arizona Upland desert vegetation (giant saguaro, foothill palo verde, and mixed succulents) to fire-adapted, invasive exotic grasslands. 

b. Evaluate Control Strategies: We propose to study the efficacy of a variety of treatments to control buffelgrass, and the potential effects of these treatments on native Sonoran Desert biota. The study of control treatments is necessary to test the feasibility of eliminating and controlling an important non-native species, and to use the results to make the staff, public and other agencies aware of the potential impacts of these species in SNP and on Sonoran desert lands.

6.  Description of the Recommended Project or Activity: Option b is the recommended alternative for this issue. Concern over possible effects of introduced plants on native ecosystems has resulted in efforts to remove exotic species from many managed areas. However, many of these efforts have been anecdotal in nature and seldom has there been a systematic effort to evaluate which of several methods might prove superior for certain areas and conditions. 

The primary objectives of this proposed research are: 1) to evaluate feasibility and success of methods used to eradicate or control buffelgrass in the Arizona Upland subdivision of the Sonoran Desert, and 2) to measure responses of native vegetation to these methods of buffelgrass removal. As a beginning effort to try to quantify the effects of buffelgrass and its removal on desert fauna, we will also gather data on the effect of buffelgrass removal on native nocturnal mammal populations.

This study is an extension of the research on post-wildfire mortality in saguaro and desert tortoise currently being conducted at SNP by Dr. William Halvorson and Dr. Cecil Schwalbe (BRD, University of Arizona) and Todd Esque (St. George, UT) of the BRD. They assisted in the development of this research proposal, and given their experience at SNP, would be best suited to conduct this study.

7.  Methods:
Study Site Selection
USGS/BRD scientists will coordinate with SNP personnel to address all considerations (both research and non-research related) of plot locations. Preferred study sites will be relatively large areas of continuous buffelgrass coverage, such as Javelina Picnic Area in the Rincon Mountain District and below Panther Peak in the Tucson Mountain District. Because these experiments will be labor intensive, our study sites should be as accessible as possible. In these areas of continuous buffelgrass we address the worst-case scenario for buffelgrass infestation, and can develop less intensive strategies for infested roadsides, smaller disturbed areas and isolated spot infestations. 

Research Design  

This study will run for three years. The experiment will be a 2 x 2 complete factorial design that is replicated at 4 sites. Treatments include herbicide application (specifically, Roundup Pro (Monsanto)), manually pulling up the plants, the interaction of pulling the plants and the herbicide treatment and a control, where no buffelgrass is removed. Therefore, each replicate will have four treatment plots (Figure 1). Each treatment plot will be one hectare in area. Treatments will be assigned randomly to each plot; due to irregular shapes of buffelgrass populations, plots may not be contiguous. Plot locations will be mapped using a global positioning system (GPS).



Figure 1: One replicate of an experiment to evaluate methods of removing buffelgrass (Pennisetum ciliare) at SNP. Each treatment will be randomly assigned to one of four plots, and the study will have four replicates. 

Manual Removal Treatment
Grasses are most effectively removed manually when the soil is moist (Sue Rutman, pers. comm.). After winter rains have moistened the soil, teams of volunteers, researchers, and SNP staff will manually remove buffelgrass from appropriate treatment plots. A second manual treatment within a month of the first may be necessary to remove grass that was masked by soil disturbed during the first removal, but which has since become visible. This allows an approximate one-month window to manually remove all buffelgrass from these plots. Following this, no further eradication will be performed on these plots for that year in order to measure the treatment response. The manual treatments will be repeated the same season in subsequent study years. We will track work hours required each year for manual eradication.

Herbicide Treatment 

Glyphosate, the active ingredient in Roundup Pro, is a contact killer and must be sprayed directly on the actively growing tissue of target plants. In wet years we expect buffelgrass to green up twice. Springtime treatment, attempting to follow the winter rains yet maximize growing temperatures, may be difficult to time. Since growth also occurs during the summer monsoon rains, we will apply Roundup Pro following the onset of summer monsoon rains when there is 75-100% green-up of the buffelgrass. Our goal will be to entirely defoliate and kill the stands of buffelgrass in herbicide treatment plots. We will re-apply herbicide to surviving plants and re-sprouts over an approximate one-month treatment window, then halt treatment for that year to measure the response.  In subsequent years we will apply herbicide at the same season to buffelgrass plants that survive the first year's treatment or sprout from seed. Monsanto suggests a 3-year treatment program with at least 2 years of follow-up.

We will apply about 5 - 8 liters / hectare of Roundup Pro (full-load surfactant already added) using backpack sprayers. This is considered a heavy dose, and herbicide will be applied to the point where it drips (not runs) off target plants. However, glyphosate adsorbs strongly to soils, even those with lower organic and clay content, and is readily degraded by soil microbes to aminomethyl phosphonic acid, which is degraded to carbon dioxide; its estimated average half-life is 47 days. Laboratory studies show glyphosate does not leach appreciably, has a low runoff potential, and thus, is not likely to move into ground water due to its strong adsorptive characteristics (from Wauchope et al. 1992, US Environmental Protection Agency 1993, Monsanto Company 1997). We will track the work hours and amount of herbicide used to conduct eradication; this is also required by NPS Integrated Pest Management (IPM) regulations. Applicators will be trained and licensed by the State of Arizona to apply herbicide, and will wear appropriate personal protective equipment during all phases of application.

Manual / Herbicide Treatment
The treatments for the manual / herbicide interaction will be applied at the same time as the previously discussed respective treatments, using the same approximate one-month treatment windows (buffelgrass will first be removed manually in the winter; re-sprouted plants and seedlings will be treated with herbicide that summer). To quantify the manual removal / herbicide interaction, again, buffelgrass will not be removed manually nor sprayed with herbicide beyond the respective windows for each treatment within a given year because continued removal of grasses from these plots would prevent measuring the interaction of treatments.

Study Control

Treatment plots will contain fairly thick, continuous stands of buffelgrass. The control plot could potentially “infect” treatment plots with seed; therefore, control plots may not be placed directly adjacent to treatment plots. Nonetheless, the control plots will be maintained undisturbed for the three year extent of this study, after which time they will be eradicated using the method the study identifies as being the most efficacious. 

Response Variables
All response variables will be measured on all replications and treatment plots. Because our treatments seek to remove exotic vegetation and allow native vegetation to recover, we will measure the production and diversity of annual plants, the production of perennial grasses (targeted exotic and top producing native species), and the diversity, cover and density of perennial trees, woody shrubs, grasses, and succulents. All variables will be measured yearly at the seasonal peaks of production for perennials and annuals (following winter precipitation for spring annuals and monsoon precipitation for summer annuals).

Seed bank assays tell us what viable seed could potentially grow on treatment plots. We will perform assays by sampling soils and germinating seed in those samples in a greenhouse for species density and diversity; we will collect a pre-treatment baseline seed bank assay, and thereafter immediately following each seasonal peak of production to sample the maximum production of seed. We will collect additional soil samples to measure soil inorganic nitrogen, sampling at the same time as the seed assays plus during winter precipitation and summer monsoon seasons.

We will use GPS to locate random sampling sites for measuring response variables on treatment plots. We will measure temperature and precipitation on each plot using rain gauges and temperature data loggers. In addition, we will trap rodents to determine relative abundance and diversity of these animals (see below). SNP staff will monitor any return of buffelgrass to treatment plots after completion of the study.

Wildlife Effects

Glyphosate has been used widely in the control of unwanted plants. Based on current data, direct effects of glyphosate on birds, mammals, fish, and invertebrates are considered minimal (US Environmental Protection Agency 1993); it is poorly absorbed from the digestive tract, is largely excreted unchanged by mammals, and has no significant potential to accumulate in animal tissue (Malik et al. 1989). Some studies have been conducted on the effects of this chemical on native rodents, particularly in arboreal communities in northern and northwestern United States and Canada (Johnson and Hansen 1969, Lautenschlager 1993, Anthony and Morrison 1995, Lautenschlager et al. 1997, Nolte and Fulbright 1997, Cole et al. 1998). The primary concern in these studies was not the direct effect of chemical on the rodents, rather the effect of dramatic habitat change as understory vegetation was removed and food and shelter resources changed. In one case, diversity of small native mammals increased with the use of herbicides and no negative effects were found (Anthony and Morrison 1995). However, there were no general patterns for rodents, and some fluctuations in abundance and reproductive output of certain species following habitat conversion from herbicide use.

The effect of habitat conversion from Sonoran desertscrub to exotic grassland on wildlife is yet unknown. Anecdotal observations include a decrease in quail production on homogeneous stands of buffelgrass in Texas range (Hanselka 1988) and dead tortoise observed in stands of burned buffelgrass in Mexico (Alberto Burquez, pers. comm.). We want to investigate changes on native wildlife caused by exotic grass encroachment, and the effect of our treatments on wildlife species, specifically rodent populations. We will conduct small mammal trapping on all treatment plots, and in paired plots in adjacent buffelgrass-free areas. We will place trap grids prior to treatments, and at least once annually thereafter.

Restoration

The ultimate goal of this exotic plant eradication is the restoration of native Sonoran desert flora. Treated areas will be relatively denuded after the elimination of buffelgrass and vulnerable to other invasive plants. We wish to restore these areas according to NPS and SNP policy. Following this study, we will investigate techniques for the restoration of treatment areas by the distribution of native seed. Sources of native seed include collecting from the immediate vicinity of the treatment sites from areas which are generally more productive (roadside plants which receive extra run-off, for example) or Natural Resource Conservation Service seed increase program (the Tucson Plant Materials Center has such a program). We plan to apply for additional funding from a variety of sources to investigate these restoration techniques.

8.  Compliance: NEPA compliance will be obtained for all phases of this work. The required in-park documents for conducting research and collecting samples will be prepared before any work is undertaken. Approval for the use of glyphosate will be obtained as per NPS IPM policy.

9.  Relationships:  This project is related to at least three other projects listed the SNP Resources Management Plan. These are as follows:

SAGU-N-005


Manage Pest Species

SAGU-N-044


Inventory and Evaluate Control of Non-Native Species

SAGU-N-051


Expand Management of Pest Species

10.  Funding Requirements:

NRPP Research Funds Requested

Year 1

Year 2

Year 3
Personnel

GS-07 Biological Sciences Technician

(1 FTE, term position):



35,100

36,330

37,600

SCA Resource Assistant (4 positions):

8,800

9,000

9,200

Capitalized Equipment
personal computer + accessories:


3,000

500

500

PLGR (GPS unit) + software upgrades:

3,000

250

250

Equipment / Supplies

misc. field equipment:




2,200

2,200

2,200

temperature data loggers ($150 each):

3,000

750

750

rain gauges ($25 each):



400

replacement mammal traps ($12 each):



600

600

herbicide ($62/ha x 8 hectares):


500

500

500

film & processing:




800

800

800

Travel
Esque (St. George to Tucson, 10 trips x $200):
2,000

2,000

2,000

Mileage (10 days x (30+40 mi) x 0.32/mile):

224

224

224

Lodging (10 nights x 6 people x $50/night):

1,500

1,500

1,500

Per diem (10 days x 6 people x $26/day):

1,560

1,560

1,560

National scientific meetings (2 trips/year):



3,000

3,000

Support

SCA Housing ($500/month rent x 6 months):
3,000

3,000

3,000

GSA Vehicle ($250/month x 12 months):

3,000

3,000

3,000

Greenhouse space for seed bank assays:

700

700

700

Inorganic nitrogen analysis:



1,200

1,200

1,200

Publication + Reprints:







800

NRPP TOTAL REQUESTED:


$69,984.
$67,114.
$69,384.

Cooperator & Park Contribution

USGS / BRD Principal Investigators

Todd Esque (.15 FTE):



8,315

8,606

8,907

Dr. Cecil Schwalbe (.15 FTE):


10,894

11,275

11,670

Dr. William Halvorson (.1 FTE):


9,747

10,088

10,441

Year 1

Year 2

Year 3

SNP Park Staff 

Resources Management Specialist (.1 FTE):

4,368

4,521

4,679

Biological Technician (.1 FTE):


2,678

2,772

2,869

Park Volunteers ($10 / hr. estimate):


20,000

13,000

13,000

Monsanto Company

Backpack sprayers (4):



800

COOPERATOR TOTAL:



$56,802.
$50,262.
$51,566.

GRAND TOTAL:




$126,786.
$117,376.
$120,950.

[Benefits for term position estimated at 30%. All salaries estimated with 3.5% increase per year.]

11.  Principal Investigators / Qualifications:
Dr. William L. Halvorson 

Unit Leader, USGS / Cooperative Park Studies Unit

School of Renewable Natural Resources, University of Arizona

Dr. Cecil R. Schwalbe

Research Ecologist, USGS / Cooperative Park Studies Unit

School of Renewable Natural Resources, University of Arizona

Todd C. Esque

Research Ecologist, USGS / BRD

PhD Candidate, Program in Ecology, Evolution and Conservation Biology, University of Nevada, Reno

12.  Literature Cited
Anthony, R.G. and M. L. Morrison.  1995.  Influence of glyphosate herbicide on small mammal populations in western Oregon.  Northwest Science 59:159-168.

Cole, E.C., W.C. McComb, M. Newton, J.P. Leeming and C.L. Chambers. 1998. Response of small mammals to clearcutting, burning, and glyphosate application in the Oregon Coast Range. Journal of Range Management 62:1207-1216.

D’Antonio, C.M. and P.M. Vitousek. 1992. Biological invasions by exotic grasses, the grass/fire cycle, and global change. Annual Review of Ecology and Systematics 23:63-87.

Hanselka, C.W. 1988. Buffelgrass – south Texas wondergrass. Rangelands 10:279-281.

Johnson, D.R. and R.M. Hansen.  1969.  Effects of range treatment with 2,4-D on rodent populations.  Journal of Wildlife Management 33:125-132.

Lautenschlager, R.A. 1993.  Response of wildlife to forest herbicide applications in Northwestern coniferous ecosystems.  Canadian Journal of Forest Resources 23:2286-2299.

Lautenschlager, R.A, R.W. Bell and R.G. Wagner.  1997.  Alternative conifer release treatments affect small mammals in Northwestern Ontario.  The Forestry Chronicle 73:99-106.

Malik, J., G. Barry and G. Kishore. 1989. Minireview: the herbicide glyphosate. BioFactors 2(1): 17-25. From: Extension Toxicology Network. Pesticide information profile: glyphosate. [http://ace.ace.orst.edu/info/extoxnet/pips/glyphosa.htm]

McAuliffe, J.R. 1997. Burning issues in the Sonoran desert. In: Bajada. U.S. Geological Survey, Cooperative Park Studies Unit, University of Arizona. Tucson, AZ. 5(2): 12-13

Miller, M.E., A. Burquez and A. Martinez-Yrizar. Grasslandification in the Sonoran desert: the case of Pennisetum ciliare. In review.

Monsanto Company. 1997. Roundup Pro sample label. St. Louis, MO. 9p.

Nolte, K.R. and T.E. Fulbright.  1997.  Plant, small mammal and avian diversity following control of honey mesquite.  Journal of Range Management 50: 205-212.

Rogers, G.F. 1985. Mortality of burned Cereus giganteus. Ecology 66(2): 630-632.

Swantek, P.J., W.L. Halvorson and C.R. Schwalbe. 1999. GIS database development to analyze fire history in southern Arizona and beyond: an example from Saguaro National Park. Technical Report No. 61, U.S. Geological Survey, Cooperative Park Studies Unit, School of Renewable Natural Resources, University of Arizona, Tucson, AZ. 43 pp.

US Environmental Protection Agency. 1993. Reregistration eligibility decision facts: glyphosate. EPA-738-F-93-011. 7p.

Wauchope, R.D., T.M. Buttler, A.G. Hornsby, P.W.M. Augustijn-Beckers and P.J. Burt. 1992. SCS/ARS/CES Pesticide properties database for environmental decisionmaking. From: Extension Toxicology Network. Pesticide information profile: glyphosate. [http://ace.ace.orst.edu/info/extoxnet/pips/glyphosa.htm]

13.  Project Criteria
1. Significance of the Resource or Issue to the Park: How important is the resource or issue to the park involved, relative to its other resources and issues? (Weight = 2)

Saguaro National Park was established to preserve undisturbed native Sonoran Desert ecosystems, vegetation, and specifically, the saguaro cactus. Intense urbanization locally and land-use changes throughout the Sonoran desert have caused habitat loss that makes the preservation of SNP’s vegetation all the more important. However, fire-adapted exotic species that have spread through the region threaten Park biota and ecosystem processes through direct competition for resources, and by changing ecosystem functional processes.  

2. Severity of Resource Threat, Problem, or Need(s): (Weight = 3)

Of exotic vegetation identified by park surveys and BRD research, buffelgrass appears to be spreading the most rapidly and carries the most serious threat to the Sonoran desert ecosystem.  Buffelgrass directly competes with native vegetation. It re-sprouts vigorously after fire, and consequently is capable of shifting regular processes to more frequent and larger wildfires, decreasing soil water infiltration, and changing nutrient cycling patterns. Taken together, these changes could potentially shift Sonoran desert shrublands to exotic fire-driven grasslands, completely altering the composition of the Park’s Arizona Upland desert vegetation and eliminating saguaro habitat.

3. Problem definition and information base: How well is the problem defined? (Weight = 2)

The NPS and other agencies recognize invasive exotic species as a serious natural resource threat, second only to habitat destruction as a cause of native species loss. The specific problem of exotic vegetation and fire in the Sonoran Desert has been identified and studied by a number of agencies and researchers. However, buffelgrass is relatively new on the scene, and little is known about its effect. Dr. Cecil Schwalbe and Todd Esque of the BRD have been studying post-fire mortality on two important Sonoran Desert species in the Park, the saguaro and the desert tortoise. This study is an expansion of this on-going research, investigating means to protect these characteristic Sonoran desert species.

4. Feasibility: (Weight = 3)

Researching the efficacy of alternative methods for eradicating the largest, most continuous stands of buffelgrass at SNP will help identify the most feasible methods for the smaller-scale eradication efforts for roadsides, satellite populations and smaller infestations which can be expected to reoccur periodically.  

5. Problem Resolution: Will the proposed use of funds contribute directly to decisions or actions, which, when implemented, will meaningfully resolve a management issue? (Weight = 3)

Identifying an efficient means of eradicating buffelgrass will contribute greatly to protecting SNP’s native vegetation. Once an effective means of control is known, staff and volunteers can be directed to implement a buffelgrass control program.

6. Transferability: How widely will the project protocols or results be useful? (Weight = 1)

Buffelgrass encroachment has been recognized as a serious problem by numerous agencies in desert lands throughout the Arizona – Sonora borderlands. The study results will be used at other national parks and by other land management agencies on both sides of the border to control exotic grass species and help preserve native desertscrub plant communities. 

7. Cost Effectiveness: Given problem statement and proposed methodology, are cost estimates realistic and commensurate with the results to be produced? (Weight = 2)

The BRD and SNP jointly produced the cost estimates for the study. Developing and testing an effective method of eradication on current limited populations of buffelgrass in the Park is certainly more cost effective than waiting to act or dealing with larger, more entrenched populations in the future which will be more difficult and expensive to remove.

8. Project Support: What resources (including in-kind contributions) are the park, Region or other partner(s) willing to commit to this project.  A detailed description of total project costs, including contributions is required. (Weight = 1)
USGS / BRD staff at University of Arizona have been researching the effects of fire on Sonoran desert biota, and are committed to this study. SNP’s Resources Management Division will provide cooperation and logistic support. For proposed treatments (specifically manual removal treatments) SNP’s volunteer group coordinator will recruit and lead volunteer groups to assist with manual eradication of buffelgrass (see Cooperator & Park Contribution, under Funding Requirements). SNP has had numerous volunteer groups (AmeriCorps, university students, retirees) assist with exotic plant removal and other arduous work tasks in the Park.

Three-year budget break-down:

NRPP research funds requested:


$206,482
(56%)

USGS / BRD staff cooperation:


$89,943
(25%)

SNP staff, volunteer, & other cooperation:

$68,687
(19%)
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