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Background and Justification

Invasive perennial and annual exotic grasses pose serious threats to native Sonoran Desert biota (Búrquez et al. 2002, Rutman and Dickson 2002, Salo 2002). The Arizona Upland subdivision of the Sonoran Desert, characterized by the giant saguaro (Carnegiea gigantea) and foothill palo verde (Cercidium microphyllum), is particularly at risk because these characteristic dominant plant species experience high mortality from fire (McLaughlin and Bowers 1982, Rogers 1985, Esque and Schwalbe 2002). Invasive exotic grasses provide a more abundant and continuous combustible fuel bed than natives, which can increase fire size and frequency in the Sonoran Desert. Recurrent fires threaten fire-intolerant plant species, especially the saguaro, to the point of localized extinction (McAuliffe 1997, D’Antonio and Vitousek 1992,), and could result in vegetative type conversions from desertscrub to fire-adapted grasslands. Human-caused wildfires have increased at the National Park Services’ (NPS) Saguaro National Park (SNP) since the 1960’s (Swantek et al. 1999), threatening the Park’s protected Sonoran desert vegetation. We view the scenario at SNP as representing a microcosm of events in the southwest United States and Mexico and have designed a research project to understand the ecology of buffelgrass at SNP. Since the submission of our first proposal, which initiated the SNP research, this project has grown in research scope and geographic area to include Big Bend National Park, wildlife refuges along the Rio Grande in South Texas and areas in central Sonora, Mexico. This proposal focuses on work at SNP, but includes details pertaining to work that has additional funding sources and collaborators, in order to best present the scope of our research program. Some important portions of the research remain largely unfunded. We feel that this approach will provide the greatest benefit for managers across a broad spectrum of needs. 
As part of on-going collaborative investigations and consultations with NPS, The Nature Conservancy (TNC), Arizona Department of Transportation (ADOT), University of Sonora (UNAM), The University of Arizona (UofA), Arizona Department of Agriculture (ADA) and US Fish and Wildlife Service, several exotic grasses were identified as predominant invaders in the Sonoran Desert. One of these, buffelgrass (Pennisetum ciliare), has spread vigorously in southern Arizona. Locally, buffelgrass was introduced in an attempt to improve overgrazed range and stabilize eroding soils in southern Arizona and northern Mexico (Tellman, 1997). Buffelgrass occurs within SNP, Organ Pipe Cactus National Monument, Ironwood National Monument and other protected public lands in southern Arizona. SNP managers noted its presence as early as 1988 (Brent Martin, pers. comm.), and at least 2 populations currently exceed 1 hectare. Buffelgrass is already widely established on non-rangelands in Arizona and ranchers in Sonora, Mexico continue to clear vast areas of Sonoran desert shrub to plant buffelgrass for livestock grazing (Burquez et al., 2002). This planting effort just across the border is an ecological threat that has already made its presence known. Buffelgrass is widespread along travel corridors that range from International highway right-of-ways to the illegal single-track trails of drug smugglers and those in pursuit on the borderlands. In highway right-of-ways, buffelgrass presents a fire hazard causing financial liability to highway departments, and at the urban/wildland interface, buffelgrass presents risks to safety as well as financial liability for municipalities. Buffelgrass may also lead to shifts in wildlife population abundance and diversity, but this hypothesis is currently being tested and is proving to be a difficult question to answer due to ecological intricacies.  Preliminary observations indicate that 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 (Burquez et al., 2002, Miller et al., in review). The disturbances caused by buffelgrass have the potential to increase fire risks at the urban/wildland interface causing safety and financial liabilities, and have the potential to reduce biodiversity over large parts of the Sonoran Desert. Due to the biological and financial threats posed by buffelgrass it is currently proposed for listing as a noxious weed by the Arizona Department of Agriculture (Arizona Dept. of Agriculture 2002).
Concern is not limited to Arizona. Researchers and land managers throughout the borderlands have reported an urgent need for control methods where buffelgrass infestations put sensitive species and entire systems at risk. Buffelgrass is unique in the scope of interest groups that identify it as a serious problem. This research plan involves federal land managers from national parks, wildlife refuges, departments of transportation and state departments of agriculture and non-governmental organizations. Very little is known about the potential of controlling or eradicating buffelgrass, therefore, further research is required to better evaluate control methods for this non-native species in areas where it is currently unwanted and/or where parks have management goals for its eradication. Furthermore, in order to understand the biological threat this species poses, it is important to quantify its effect on native biota. 

Importance of Results  

Close Knowledge Gaps, Identify Research Needs, Provide Guidance for Managers. Until recently, buffelgrass was viewed as a crop species and therefore most of the published research describes ways to promote buffelgrass production. This fact presents a serious knowledge gap in the control and eradication of buffelgrass. Our literature search will provide a current and comprehensive status of knowledge from which to identify the most relevant research questions, design experiments appropriately and provide guidance to managers based on the best information available. The principal investigators of this project also organized a meeting of those known to be studying buffelgrass at a recent Symposium of the Ecological Society of America in August of 2002 to learn about simultaneous studies and focus work where it is most needed and lacking (please see Appendix II for a listing of attendees). The meeting was well attended and many groups stated their research objectives at that time. Our ability to know about concurrent research is limited to those willing to discuss their research openly in the scientific community. Science is a dynamic and competitive process, thus the effort to keep managers informed of advances will be an ongoing process. 

Identify Safe and Effective Control Methods.  We propose to use glyphosate (commercially available as Roundup) in combination with manual/mechanical treatments to find the most efficient means of eradicating/controlling buffelgrass. Glyphosate is the chemical of choice in the National Park due to label listings and previous approvals for the use of herbicides in the park. We also propose to test other chemicals from a variety of commercial sources to find which are the most safe and effective for buffelgrass control in collaboration with the Arizona Department of Transportation.  Due to the short duration of the study at NPS, we propose to treat study plots during the first year of the study and follow-up during the succeeding 2 years. 

In collaboration with Arizona Department of Transportation (ADOT) and private industry, we propose to measure effectiveness of buffelgrass eradication/control treatments (cutting, cutting and herbicide, herbicide only, and seasonally [2 seasons] and control plots (no manipulation)) in roadsides. Identifying an efficient means of eradicating buffelgrass will contribute greatly to protecting native vegetation and reducing liability due to fire on highways and municipalities. These techniques will be applicable throughout warm desert and humid ecosystems where buffelgrass encroaches.

Understanding Basic Ecology of Buffelgrass   Research into the basic biology of buffelgrass is expected to provide biological insights that will help us analyze risk to natural systems and could provide other ways of controlling the species. This aspect of the work was intended for completion by a graduate student. Since we do not have a graduate student on this project, we are currently stepping back from this aspect of the work to push forward on the field components. As the field sites are established, we intend propose ancillary experiments and manipulations based on initial observations from field experiments.

Implementation of Management Options  Developing and testing an effective method of eradication on spatially limited populations of buffelgrass in SNP is certainly more cost effective than waiting to act and dealing with larger, more entrenched populations in the future, which will be more difficult and expensive to remove. 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 expected reoccurring smaller infestations. 

Which Taxa Are At Greatest Risk From Buffelgrass?  Buffelgrass re-sprouts vigorously after fire, is capable of increasing wildfire frequency and size, and may decrease soil water infiltration, changing nutrient cycling patterns (Humphries et al., 1991, Knoop and Walker, 1985). Taken together, these changes could potentially shift Sonoran Desert shrublands to exotic fire-driven grasslands, altering the composition of warm arid and humid ecosystems. Where buffelgrass dominates, drastic changes in site physiognomy are apparent, leaving little doubt about changes in plant and animal community structure and function. This research will provide quantitative information about the effects of buffelgrass infestation on plant and animal taxa. This information is essential if we are to address issues related to the release of aggressive cultivars into North American habitats.  

Objectives

The primary objectives of this integrated research program are: I) a review of literature relevant to management of this species in wildlands and control of the species; II) to learn more about the basic biology of buffelgrass stands that have established on wildlands, invasion patterns, and soil relations so that we can find additional ways to control it (at SNP and other locations); III) to evaluate feasibility of successful methods used to eradicate or control buffelgrass in the Arizona Upland subdivision of the Sonoran Desert and implement them in collaboration with NPS and ADOT; and IV) to quantify the effect of buffelgrass on biodiversity of nocturnal rodents, reptiles, invertebrates and native plants (at SNP we propose only to study plant and invertebrate components of diversity in relation to invasions).

Primary Research Questions.

I.  Literature Review – What is the status of knowledge on buffelgrass? Primary questions include:

A. What types of chemicals or biological controls provide likely means of eliminating the species?

B. What is known of the basic biology of the species for use in control methods?

II. What are the safest and most efficacious means of eradicating buffelgrass in prescribed areas?

A. Do glyphosate, Plateau or Oust (or logical combinations of these) provide any particular advantages over one another or manual pulling?

B. Do combinations of cutting and herbicide treatment afford any advantage?

C. Is it possible to cause declines in populations with spring (March), summer (August-October) or both seasonal treatments of herbicide and/or cutting?

D. Do high or low legal dosages make a difference in combination with season and cutting?

E. Which treatment combination is most cost effective and successful (complete success being the elimination of buffelgrass on treatment plots for 3 years without loss of native vegetation)? 

At Saguaro National Park we propose manual pulling, cutting, 1 herbicide at a moderate to high legal dosage for greatest effectiveness. All experiments will have appropriate controls to factor out climatic variation of the response of buffelgrass and native vegetation. 

III. Biology of Buffelgrass

A. Once removed, what is the likelihood of further infestation based on seeds that were in situ prior to removal of parent plants?

B. In what ways does buffelgrass change the physical environment above and below ground with respect to temperature and humidity, visibility and soil erosion?

We will work with Saguaro National Park staff to identify other aspects of biology that we can investigate with the time and the staff we have available.   

IV. What are the effects of buffelgrass infestations on the biodiversity and abundance of native biota?

A. Do buffelgrass infestations affect diversity or abundance of native plants or animals?

B. What is known about the effects of buffelgrass on biodiversity and does the presence or previous presence of buffelgrass affect establishment of native or alien plant species?

Methods
Search and Review of Buffelgrass Literature and Data 

A search of the scientific literature, government databases and herbaria is ongoing. Sue Rutman of Organ Pipe National Monument initiated this work by gathering citations from the literature and gleaning useful records from the National Resource Conservation Service (formerly the Soil Conservation Service) offices in Tucson, Arizona. We will continue this search in collaboration with Sue and others in order to gather information on the status of knowledge for buffelgrass. While the review is being conducted a list of the citations and data will be available to collaborators on request. Please respect that we intend to publish at least one document from this database--alone--and wish for it not to be distributed without contacting the principal investigators.
Laboratory Studies of Buffelgrass Seed Ecology 

In this project we have budgeted to support 1 graduate research assistant to coordinate field activities and conduct their graduate research in the realm of basic buffelgrass ecology. We and our collaborators at The University of Arizona have not found a student that can work on the project. There are two disadvantages to this: 1) having graduate students work on the project is more cost effective than paying technicians to work on the project; 2) in addition to the input of the principal investigators on this project graduate students are supported by their graduate advisors and without the students we do not have the built-in support of additional experts in the field with laboratory and greenhouse space. Due to costs, it is not possible to hire more technicians, in fact, each hour a technician costs is more expensive than a graduate student. Finally, there are other professors around the western US that have started research projects before and since we initiated this project. We may be able to couple this work with other researchers and even support other students already working. Until then, we will work with park staff and collaborators to identify and undertake the most relevant laboratory studies that are within our means. Projects added at a later time will be added incrementally as amendments to this study plan. The success of the program demands that this aspect of the work continue in a collaborative nature between USGS and NPS personnel.

Quantifying the most Effective ways to eliminate buffelgrass at Saguaro National Park.

Site selection criteria for study plots will include matching baseline parameters on each experimental study plot. Elevation, parent material, soil development, slope, aspect and flora will be matched as closely as possible to avoid confounding environmental factors. 
USGS/BRD scientists will coordinate with SNP personnel to address all considerations (both research and non-research related) of plot locations at SNP. Preferred study sites will be relatively large areas of continuous dense buffelgrass coverage and greater than 1 ha in area. Potential sites are at Javelina Picnic Area, the south side of Tanque Verde Ridge in the Rincon Mountain District, and below Panther Peak in the Tucson Mountain District. Because these experiments will be labor intensive, our study site should be as accessible as possible. In these areas of continuous buffelgrass we address the worst-case scenario for buffelgrass infestation. The Panther Peak site occurs in highly unstable basaltic talus slopes and the Javelina Picnic Area site occurs on a granitic boulder pile. Both sites present experimental logistical challenges as well as challenges to safety. We propose to investigate at least one other site that may have more well-developed soils and a more stable setting.  

Site Characterization.  We have designed a tentative schedule for initiating measurements of the physical structure of our test site, based on guidelines of Bestelmeyer and Wiens (2001). If deemed worthy, we will measure the following related parameters for each study plot: slope, aspect, geomorphology (descriptions of soils and particle size), nitrogen and phosphorus content, and weather (relative humidity, precipitation and temperature.) Slope of each study plot will be averaged from the bottom to the top of the plot at 3 sites. One measurement of aspect will be provided representative of the entire study area and the physiographic feature where it is situated. Geomorphology will be described with shallow test pits at 5 sites encompassing the study area, but outside research plots (i.e. by horizon and parent material). Soil samples will be sent to a professional laboratory for analysis of macronutrients. Relative humidity and temperature will be measured seasonally using miniature data recorders. Three recorders will be placed within a study plot for a 24hr period to measure temperature and humidity in key microsites representing the range of possibilities. Precipitation will be measured at the study area using manual precipitation gauges and checked monthly and in response to incidental summer storms, as they are highly variable in location and intensity. 

Design and Analysis This is a complete random design with replication at a single site. The site will be chosen from Panther Peak, Javelina Picnic Area, the south side of Tanque Verde Ridge, or a currently undetermined site. Within the site there will be 7 treatments and 6 replicates of each treatment totaling 42 individual plots. Treatments include: 

1) an uninfested control – these plots will be randomly placed within certain aspects around the study area so that they are upslope, down slope and parallel to the treatment. 

2) an infested control – These plots will occur within the matrix of plots that nearly cover the buffelgrass patch and are established to quantify the condition of buffelgrass in the absence of manipulation in order to control for climatic variation. 

3) cut only (with a weed whacker) – This is designed as a procedural control to understand how the plants respond to part of the treatment seasonally. The materials that are cut from the plants will be left in place as standard procedures for NPS in the wildlands setting.

4) manual removal, only – this treatment is the traditional treatment for removal of buffelgrass on National Park Lands. It will be useful to compare these results to chemical treatments for cost/benefit analysis. 

5) a high dosage of Roundup, only – NPS personnel have suggested to use a high legal (within the guidelines of NPS use) dose to focus the eradication effort in the park to what we predict will be most useful - immediately. If we learn that low dosages are just as effective as high dosages under some circumstances (e.g. during our ADOT roadside research), we will provide that information to the park with suggestions for modification of dosages.

6) cut, followed by a high dosage of Roundup (same timing as #7 and similar operating procedure.)

7) manually pulled, followed by a high dosage of Roundup (same timing as #6 and same operating procedure.)

We propose plots that are 10m per side. These plots are larger than usually required for chemical treatment experiments and will present some logistical problems for water to dilute the chemical (Ed Northam, Arizona Department of Agriculture, Pers. Comm.). The difference between this experiment and classic chemical treatment experiments is that NPS’s goal is to eliminate buffelgrass on our study sites. The sooner we kill it on these plots the better, and therefore large plots will accomplish that goal faster. If we were testing the efficacy of more chemical types, it would probably be more beneficial to increase treatment combinations at the expense of experimental plot size. That is why we propose smaller experimental plots and many more treatment combinations in our ADOT experiments.

Within the buffelgrass stand, six treatments with 6 replicates (total 36 individual plots inside the buffelgrass stand) require an area of 3600 square meters (60X60 m2) without space between plots. The 6 uninfested control plots will be peripheral to the buffelgrass. Room for 2 to 5 m between treatment plots should be included to reduce run-on or run-off problems, which would increase the total area needed within the buffelgrass site to about 7225 square meters (85X85 m2.) Results of the eradication experiment will be measured in a 7 (treatments) * 6 (replicates) factorial using Analysis of Variance (ANOVA). Data will be checked for violations of assumptions of ANOVA. It is highly likely that if the treatments are highly successful we will find a Poisson distribution with many zeroes (because when we measure the plants there will be no live vegetation). In that event it is unlikely that the data will satisfy the assumptions of an ANOVA and we will use non-parametric statistics such as Chi-square analysis.

Responses on Buffelgrass Response variables measured on target buffelgrass plants will include number of seed heads, height of live seed heads and live foliage height. We will also collect data on perennial grass cover, and cover and absolute density of woody vegetation to ascertain community response. We will collect baseline data during the month prior to treatment on grasses, then ~10 days post treatment (to quantify immediate effects) and then again ~3 months after treatment to ensure that we successfully killed the plants and did not merely achieve top-kill (the top of the plant dies, but leaves the roots alive to propagate in the future). If we only achieve top-kill, the treatments will not be considered successful. 

Five buffelgrass plants will be randomly selected from within an 8 X 8 m diameter plot centered on each experimental plot to reduce run-on and run-off confounding factors. The number of live and dead stems, foliage height, inflorescence height, and seed head will be measured and/or counted on each of the target plants and monitored for the duration of the research. These plants will be individually tagged – temporarily. The tags will be removed at the conclusion of the study.

Perennial  Plant Sampling  Response variables on native perennial vegetation will include cover, density, richness and % of damage (per plant) on native vegetation or number of individuals killed, depending on the degree of damage. All shrubs, trees and succulents within each 10 X 10 meter study plot will be measured (height and 2 widths), counted and mapped to determine total perennial cover and density on the study plots.  Cover of perennial grasses will be measured on 3 line intercept transects, at 2 m intervals spanning the plots. Perennial plant transects will need to be marked for the life of the project and we will discuss the cost and benefit of permanently marking these plots with NPS.  It is possible that with careful spraying, perennial plants will not largely be damaged. If non-target plant damage is minimal (as expected), we will make appropriate measurements to indicate what portions of plants are disturbed, if any. For example, counting dead branches, proportion of dead leaves or number of dead plants.

Annual Plants Sampling will be measured on 5 randomly placed quadrats within each study plot. The quadrats represent sub-samples that will be pooled for each study plot.  The actual size and sampling frequency may be modified to accommodate drought, highly productive years and the need to finish the job in a timely fashion for comparative purposes, however, once established the species richness plots must remain the same size and number of sampling units because species richness is area dependent (Meffe and Carroll, 1997). WE determined the amount of sampling by an analysis of production estimates nearby at Saguaro National Park from 1994-1998. With this sampling intensity we predict that it will take from 2-12 days of work with our 7-person field crew all working. The trade-off comes because if we sampled more and took longer we could actually skew the data due to senescence of the plants over the time span of weeks.  Each quadrat will be 0.1m2 (20 X 50 cm square) and selected randomly within each sampling period. Winter and summer annuals will be sampled at the site during peak above ground biomass production. Quality plant parts will be collected for the subsequent identification of plant species (as described below.) Plant samples will be placed in paper containers by species and oven dried at 40 degrees C until dry. Samples will be weighed to the nearest 0.01-gram. In addition, 1m2 plots that represent average or above-average production will be photographed through time to illustrate the effect of experimental treatments if there is substantial aboveground production of annual plants to monitor. We will also sample these plots for post-treatment die-off during subsequent years.

Identification of plants to genus and species will not always be possible in the field.  This fact necessitates the collection of plant samples for identification purposes.  The samples could be of any taxa that are present in the study area.  One to three samples that are large enough for positive identification will be needed for an individual species (this usually entails collecting parts of perennial plants, or whole annual plants).  Samples of between one and 60 species will be collected during any given field trip, and there will be multiple field trips during a given year.  The location of the collection will be within one of the proposed study areas:  at Javelina Picnic Area, the south side of Tanque Verde Ridge in the Rincon Mountain District, below Panther Peak in the Tucson Mountain District, or yet determined site.  These samples will not be retained permanently—they will be used for positive identification (taken to The University of Arizona herbarium) and then discarded.

Invertebrate Sampling

Invertebrate responses we measure will include species richness and relative abundance for each treatment plot. We will also measure baseline and subsequent measurements on physical habitat characteristics (temperature and humidity) at the same intervals as we measure the plants.

Invertebrate sampling, using miniature pitfall traps, will sample ground dwelling invertebrates with emphasis on ants and beetles. We will establish a trapping array of 3 traps per treatment plot. The sampling frequency may be modified to accommodate the need to finish the job in a timely fashion for comparative purposes. These trap sites will be located in a triangle 5 m per side in each treatment plot. We will conduct a pre-treatment sampling prior to both the spring and summer treatments each year. A final invertebrate sampling will be conducted on sample plots once all treatments have been completed.  It is difficult to estimate the number of species and quantity of specimens that will be collected.  Individual pitfall cups can trap between one and several hundred invertebrates per trap, and exact species distributions should reflect those living in the vicinity of the experimental plots. 

The pitfall traps will be polypropylene sample cups (60 mm diameter, 73 mm deep) filled with 40 ml of environmentally safe propylene-glycol-based antifreeze. Propylene glycol is different from the material commonly associated with anti-freeze (ethylene-glycol) which is toxic to a variety of animal species. Propylene glycol is a commonly used additive (food, cosmetics, animal feed) that may attract predators that can destroy a night of trapping, but consumption of the material is not hazardous in low doses to animals larger than insects (Janusz, 1991). Traps will be placed in the ground with the upper margin flush to the soil surface. Traps will remain open for approximately 72 hours. In addition to trapping, hand collection will be performed throughout the study area to reveal the presence of species that are under sampled using pitfall traps. Specimens will be sorted by ecomorph first. Ant species will be identified in house or by consultants. Other invertebrate samples will be identified to species when possible, but ecomorph when species identification is not possible. In the event that there are no soils (i.e. simply deep rocky talus), only bait stations will be used for ant studies (please see next paragraph). All materials will be removed from the site at the conclusion of each trapping session.

Baits will also be used to determine the dominance of ant species in the study plots (Bestelmeyer et al., 2000). Tuna bait timing will be staggered such that they do not interfere with the pitfall traps. A piece of tuna (2-3 cm3) in canola oil will be used for bait at each trapping station. The baits will be placed in the morning, left in place for 30 minutes and then thoroughly checked for the presence or absence of ants. We will record species and relative numbers of ants present in the immediate vicinity (1 m) of the bait station. Baits will be removed at the conclusion of the baiting session.

Analysis of Invertebrate Samples  Patterns of invertebrate species richness, diversity (e.g. log series-a), and the abundance of individual species of ants and beetles will be examined within treatment plots. Statistical relationships between richness, diversity and abundance and vegetation cover will be assessed using ANOVA. Overall changes in community composition with the cover of buffelgrass and shrubs will be evaluated using canonical correspondence analysis. Finally, the concordance of the responses of different taxonomic groups to variation in buffelgrass will be assessed using Mantel matrix comparisons tests.

Spraying and Biomass Removal  Spraying will be conducted by ADOT or NPS personnel trained and qualified for such activities. USGS personnel will provide support in any way that can be useful and legal within NPS guidance. The application of chemicals will be coordinated with NPS personnel and follow NPS guidelines for such activities. Large amounts of water will be required with the applications and NPS and USGS personnel will work with ADOT to keep liquid in supply to accomplish the task efficiently. Removal of biomass (cutting) will be coordinated between USGS and NPS personnel. It is important that our methods are consistent with NPS protocols.   

Roadside Chemical Research Sites With Arizona Department of Transportation 

NPS reviewers noted that the roadside environment is quite different than wildlands infested by buffelgrass both because of differences in the physical environment, including disturbance regimes, and because the roadside sites receive a much greater load of vehicle related pollutants and also chemical treatments for roadside stability and vegetation abatement. We view this not as a problem, but as an opportunity to understand the similarities and differences among all of the places that buffelgrass grows. We do not propose to spend the NPS funding for this research. Instead, this aspect of the buffelgrass program is a collaboration between ADOT, USGS and private industries. Sites for chemical treatments will be selected based on considerations of ADOT and other cooperators. Furthermore, the research program is designed to be useful for a broad spectrum of public managers. Roadside buffelgrass infestations are identified locally and regionally as a source of buffelgrass in wildlands and a liability problem for agencies managing roadsides. We are equally interested in finding efficient ways to eradicate both roadside and wildland infestations. 

Study Site Selection We propose to work on ADOT right-of-ways, but greater than 30 feet from the edge of the road for safety. There are miles of roadside buffelgrass infestation in Arizona. ADOT has an active eradication program for buffelgrass. We propose that as part of their program, ADOT applies chemical treatments in a scientifically rigorous design over a portion of their prescribed herbicide treatment areas. There are many considerations regarding the location of these sites including: roadside safety and the configuration of ADOT’s current treatment applications. We will coordinate activities with ADOT to locate areas where we can safely apply herbicide treatments in or near ADOT right-of-ways where buffelgrass is established. The full research plan for this aspect of the research is subject to change due to the legal requirements of ADOT and safety issues, but will be available on approval by ADOT and USGS. 

Design and Analysis of Roadside Experiments  This is a complete randomized block design. Treatment plots will be 3 x 5 m in area (i.e. the width of truck-mounted sprayers), placed one spray-width deep and parallel to roadsides. There are 14 experimental treatments combinations including: 

1)  control (no exptl. manipulations), but driven over for procedural control

2)  cut, only (mechanically)
3)  chemical treatment #1 at low dosage - only
4)  chemical treatment #2 at low dosage  – only
5)  chemical treatment #3 at low dosage -  only
6)  chemical treatment #1 at high dosage - only
7)  chemical treatment #2 at high dosage – only
8)  chemical treatment #3  at high dosage -  only
9)  cut and chemical treatment #1 at low dosage
10)  cut and chemical treatment #2 at low dosage
11)  cut with chemical treatment #3 at low dosage
12)  cut and chemical treatment #1 at high dosage
13)  cut with chemical treatment #2 at high dosage

14)  cut with chemical treatment #3 at high dosage
Each of these treatments will have seasonal applications including one in March (or whenever deemed most beneficial), one in August (or whenever deemed most beneficial) and one that includes both March and August, for a total of 40 treatment plots / Block. All of the treatment combinations will occur within each block. There will be 4 blocks [(13 treatments x 3 seasons x 4 blocks) + (1 control X 4 blocks) =160 treatment plots]  (Fig. 1). Response variables will be percentage of live stems present, foliage height, inflorescence height, and number of seed heads after treatment. The response variable will be measured at 10 days, 3 months, and bi-annually thereafter for 2 years. Depending on results after 1 year, the principle investigators will decide if additional applications are necessary or might be beneficial. 

Chemical Treatments We propose to conduct chemical trials with chemicals made by three different companies. Currently, Roundup (made by Monsanto) is the chemical that lists Pennisetum on the label, making its use legal for the public. In addition to Roundup, we propose to conduct trials with Plateau (made by BASF) and Oust (made by DuPont).

Data Archiving Procedures: 

The principal investigators will maintain raw data and analyzed results. Summarized results of research will be posted and updated electronically (Science Information System and housed in USGS facilities.) Products will be distributed among collaborators as they are accepted for publication. Duplicate data sheets will be housed at NPS facilities and updated annually with annual reports.

Work Schedule:

This is the first year of a 4-year study. It will begin in the spring of 2003 and end in 2005.

January 2003:  

- order supplies;
- recruit student biotechs; 

- arrange for greenhouse facilities if possible, we have some room if necessary, but probably not a top priority at this time.

February 2003:  

03-14 Feb  
- recruit volunteers;

18 Feb 
-organizational meeting with SNP, ADOT, and USGS; 

19-20 Feb  
- reconnaissance to ADOT sights to finalize sight locations


lay-out of ADOT study plots;

25-27 Feb  
- reconnaissance trips to SNP to finalize sight locations   


lay-out of ADOT study plots.

March 2003: 


10-13 March 
- collect baseline at ADOT sites;

12-14 March 
- add chemical and mechanical treatments on ADOT plots;

23-27 March 
- collect baseline at SNP plots (could take 2-12 days).

April 2003:

5-6 Apr
- collect post-treatment data at ADOT sites;

April
- Joint Fire Science proposals due for buffelgrass work in south Texas.

July 2003:

07 July  
- Logistics and Coordination Meeting with NPS/USGS/ADOT;

Mid-July
- Prepare for monsoon (collect physical parameters at SNP);

21-25 July  
- Continue progress on Sonora buffelgrass.

August 2003: 
4-8 Aug  
- gather SNP or ADOT pre-treatment data (timing depends on local phenology)

11-15 Aug  
- gather SNP or ADOT pre-treatment data (timing depends on local phenology)

18-22 Aug  
- apply chemical and manual treatments on SNP and ADOT sites


collect seed banks, soil moisture, microclimate, and geomorphologic data if necessary and/or feasible;


- quantify efficacy of second treatments;


- collect data on biodiversity in Sonora.

September 2003

1-5 Sept 
- post-treatment measurements at SAGU or ADOT.

November 2003: 

TBD
- analyze data; 

- modify SNP and ADOT treatments for Year 2 as necessary;

- prepare annual report;

- Evaluate the use of plots in Sonora.
March-August 2004:

TBD 
- modify site design and treatments for Year 2 as necessary;

- repeat data collection at SNP;

- repeat data collection on ADOT sites;

- conclude chemical and mechanical treatments.

Fall 2004-2005: 

TBD 
- repeat data collection at SNP and ADOT sites;

- write-up results of herbicide treatments;

- write-up Final Report for NPS related materials;

- write up results from Sonora for publication.

Hazard assessment/safety certification:


Safety will be of primary importance in all aspects of fieldwork. Field crews will be trained in appropriate action in the presence of such hazards as extreme temperatures, lightning, rattlesnakes, mountain lions, poison-oak, and medical emergencies. Four-wheel drive vehicles will be used and the operators of these will be skilled in their use. If research occurs along highway rights-of-way, we will establish plots outside the recovery zone for vehicular traffic and all research vehicles will be parked outside the recovery zone. The recovery zone is the area along highway rights-of-way that are considered to be the likely area where vehicles will recover if they unexpectedly leave the highway surface. 

The use of herbicide for this project will be carefully monitored. Chemical applications personnel will be employees of Arizona Department of Transportation. Field staff applying it will be trained, tracked, and supplied with protective gear, as described below. On site field studies will not be conducted until well after the specified period of time to allow for safety concerns. The particular herbicide (Roundup Pro) has been selected for its short half-life and negligible effects on animal tissue.

Though the herbicide will be applied to the point where it drips (not runs) off target plants, its active ingredient glyphosate adsorbs strongly to soils, even those with lower organic and clay content. Glycophosphate 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 National Park Service 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. 

Because of other research projects we have additional information on the use of glyphosate as a herbicide. 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 followed habitat conversion from herbicide use.

Animal care and use certification:
No vertebrate animals will be used in the work at Saguaro National Park or with ADOT. The animals captured for this research related to biodiversity and buffelgrass fall under Arizona State Scientific Collecting permit # PRT-704930, Texas State Scientific Collecting permit # SPR-0901-169 and Federal Mexican collecting permit held by Dr. Alberto Burquez in Hermosillo, Sonora, MX.

Radio Telemetry Certification: 
There will be no use of radio-telemetry equipment during this project.

Expected product(s):
There will be a peer-reviewed publication comparing the relative safety and cost/benefit analysis of various treatment methods for the elimination of buffelgrass on National Park Service lands. Another publication will result from a comparison of the relative effectiveness of 3 chemicals in combination with mechanical removal of biomass to eliminate buffelgrass resulting from collaboration with ADOT. The results of this work will also be presented annually at local and regional science/management meetings. A third product is expected from the synthesis of what is available about buffelgrass in the scientific literature. 

Transferability of Results: 

Buffelgrass encroachment has been recognized as a serious problem by numerous agencies in desert lands throughout the US/Mexico borderlands. The study results could be used at other sites and by other land management agencies on both sides of the border from Texas to California to control exotic grass species and help preserve native desertshrub plant communities.
Investigators, Partners and Cooperators:
This study is an extension of the research on post-wildfire mortality in saguaros and desert tortoises currently being conducted at SNP by Dr. Cecil Schwalbe (School of Renewable Natural Resources and USGS BRD, University of Arizona) and Todd Esque (USGS BRD, Las Vegas, NV). They assisted in the development of this research proposal, and given their experience at SNP, would be best suited to conduct this study. USGS Scientists Schwalbe, Esque, and co-PI Shaw (UA) will provide technical expertise and oversight of the project. 

USGS / BRD staff at University of Arizona have researched the effects of fire on Sonoran desert biota, and are committed to this study. Saguaro National Park’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. SNP has had numerous volunteer groups (AmeriCorps, university students, retirees) assist with exotic plant removal and other arduous work tasks in the Park.

Cooperators and Partners:
Brandon T. Bestelmeyer, Ph.D

USDA-ARS Jornada Experimental Range, MSC 3JER Box 30003, New Mexico State University, Las Cruces, NM 88003

Tel: 505-646-5139

fax: 505-646-5889

email: bbestelm@nmsu.edu
Jim Horsley

Natural Resources Technician

Arizona Department of Transportation

Intermodal Transportation Division

2104 S. 22nd Avenue

Mail Drop 013R

Phoenix, Arizona 85009

Phone: 602-712-6135

FAX: 602-712-3366

Mobile: 602-909-0751

email: jhorsley@dot.state.az.us
April E. Fletcher

US Fish and Wildlife Service

Invasive Species

Division of Refuges

PO box 1306

500 Gold Avenue S.W.

Albuquerque, New Mexico 87103

Phone: 505-248-6632

FAX: 505-248-6874

Email April_fletcher@fws.gov

John A. Hall, Ph.D.

Sonoran Desert Program Manager

The Nature Conservancy – Arizona Chapter

1510 E. Ft. Lowell Rd. 

Tucson, Arizona 85719

Phone: 520-622-3861 x 3439

FAX:   520-620-1799

Direct Line: 520-547-3439

Email: john_hall@tnc.org

Dr. “Ed” Francis E. Northam

Noxious Weed Program Coordinator

Plant Services

Arizona Department of Agriculture

1688 West Adams Street

Phoenix, Arizona 85007

Phone: 602-542-3309

FAX:   602-542-1004

Ed.northam@agric.state.az.us
Steve Smith – Associate Professor

SRNR

211 Biology East

Tucson, Arizona 85721

Voice: 520-621-5325

FAX:  520-621-7186

azalfalf@ag.arizona.edu
Mark Holden, Resource Specialist 

Saguaro National Park, 

2700 North Kinney Road, 

Tucson, Arizona 85743

Phone - (520)733-5173

mark_holden@nps.gov

Danielle Foster, Ecologist

Saguaro National Park, 

2700 North Kinney Road, 

Tucson, Arizona 85743

Phone: 520.733.5187

danielle_foster@nps.gov

Sue Rutman, Botanist 
Organ Pipe Cactus National Monument

Phone: 520-387-7661 x7115

Alberto Búrquez Montijo

Departmento de Ecologia Funcional y Aplicada 

Instito de Ecologia

Universidad Nacional Autonoma de Mexico (UNAM)

Blvd Luis Donaldo Colsio y Sahuaripa s/n

Hermosillo, Sonora, Mexico

Mail to: Apartado Postal 1354

Hermosillo, Sonora

83000 Mexico

Phone: (62)139303, (5)6226151

FAX: (62)175340, (5)6226053

montijo@servidor.unam.mx

15. Budget and staff allocations (FTE's) -- include salaries and benefits, travel, equipment, supplies, contracted services, vehicles, other direct costs, and overhead (for non-DOI reimbursables). 

FY02 Itemized Budget of NRPP to USGS/WERC

Total NRPP funding transferred to USGS-BRD-NV

From NRPP


67,114

ODC



   3196
Total Available

63,918

Travel



2,000

Non-Capitalized Equipment
2,000

Supplies


   499

Research Contracts
          14,440

Grants (to UofA)
          48,175
Total 



67114

Itemized FY02 Budget to UofA

½-time Graduate Research Assistant
(includes ERE)
$13,470

½-time Student Biotech wages (includes ERE)

  10,566

Field Supplies
(includes chemicals for treatments)

  12,855

Misc. Expenses (software, copies, telephone, 


cell phone, etc.)




    3,162

Travel







    1,838

Subtotal





  41,891

Indirect (15%)






    6,284

Total Costs






 $48,175

Itemized FY03 Budget of NRPP to USGS-BRD-NV

From NRPP


67,114

ODC



   3196
Total Available


63,918

Travel



2,000

Non-Capitalized Equipment
2,000

Supplies


   499

Research Contracts
            4,440

Personnel

          14,440

Grants (to UofA)
          44,175
Total 



   67,114

Itemized FY03 Budget for USGS to UofA

Personnel

1/3-time Research Technician (per year)


7,692


ERE 20.6% x $7,692




1,585

Student Biological Technician $14,413/h for 1000 hours
14,413


ERE 3.5% x $14,695




     504
Total Personnel Costs







24,194

Operations

Op. & maintenance of equipment

 (computers, vehicle repairs, tires, etc.)


2,000

Communication and utilities (cell phone, telephones)
1,200
Total Operations







  3,200

Field Supplies

Digital Camera and accessories (memory cards, case, etc.)
1,000

Total Field Supplies







  1,000

Miscellaneous Expenses

Film and processing





  500

Supplies and materials 

(copying, office supplies, toner, etc.) 



  519

Total Miscellaneous Expenses





  1,019

Outside Contracts

Two SCA volunteers (cost and lodging for 12-week positions)


SCA cost per RA (volunteer): $2,475 x 2

4,950


SCA apartment handling fee: $25.mo.apt x 3 mo
     75


Apartment: $730/mo x 3 mo



2190


Furniture rental: $115 first mo, $85 each ad. mo
  285

SCA Total








  7,500

Travel









  1,500

Total Direct Costs







38,413

Indirect costs (15%)







  5,762

Total Costs








44,175

Itemized FY04 Budget of NRPP to USGS-BRD-NV

Adjustments will be made for changes in cost of living

From NRPP


67,114

ODC



   3196
Total Available


63,918

Travel



2,000

Non-Capitalized Equipment
2,000

Supplies


   499

Research Contracts
            4,440

Personnel

          14,440

Grants (to UofA)
          44,175
Total 




67114

Itemized FY04 Budget for USGS to UofA

Personnel

1/3-time Research Technician (per year)


7,692


ERE 20.6% x $7,692




1,585

Student Biological Technician $14,413/h for 1000 hours
14,413


ERE 3.5% x $14,695




     504
Total Personnel Costs







24,194

Operations

Op. & maintenance of equipment

 (computers, vehicle repairs, tires, etc.)


2,000

Communication and utilities (cell phone, telephones)
1,200
Total Operations







  3,200

Field Supplies

Digital Camera and accessories (memory cards, case, etc.)
1,000

Total Field Supplies







  1,000

Miscellaneous Expenses

Film and processing





  500

Supplies and materials 

(copying, office supplies, toner, etc.) 



  519

Total Miscellaneous Expenses





  1,019

Outside Contracts

Two SCA volunteers (cost and lodging for 12-week positions)


SCA cost per RA (volunteer): $2,475 x 2

4,950


SCA apartment handling fee: $25.mo.apt x 3 mo
     75


Apartment: $730/mo x 3 mo



2190


Furniture rental: $115 first mo, $85 each ad. mo
  285
SCA Total








  7,500

Travel









  1,500

Total Direct Costs







38,413

Indirect costs (15%)







  5,762

Total Costs








44,175
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Appendix IA. Rodent list for work in Sonora, Mexico
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pocket gopher 

Thomomys bottae




  

spiny pocket mice  

Liomys irroratus 

L. pictus 

silky pocket mice
 Perognathus flavescens? 

P. flavus, 

P. longimembris 

P. amplus

coarse-haired pocket mice  

Chaetodipus baileyi


C. penicillatus

C. nelsoni 

C. pernix 

C. goldmani 

C. intermedius 

C. hispidus

kangaroo rats 

Dipodomys ordii 

D. spectabilis 

D. merriami 

D. deserti

pygmy mouse, 

Baiomys taylori

wood rat 

Neotoma albigul 

grasshopper mice 

Onychomys torridus 

American Harvest Mice 

Reithrodontomys fulvescens

R. megalotis 

deer mice 

Peromyscus boyli

Peromyscus collatus

Peromyscus eremicus  

Permyscus stephani

P. maniculatus

P. pembertoni

Cotton Rats

Sigmodon hispidus

Woodrats

Neotoma albigula

Appendix IB. List of Potential Small Mammals occurring in Trans-Pecos, Texas

The following list was submitted to. Texas Department of Parks and Wildlife in a proposal for our scientific collecting permit. Counties: Brewster, Presidio, Jeff Davis, Hudspeth, El Paso.

Sources:

Schmidly, D. J. and C. O. Martin. 1977. The mammals of Trans-Pecos Texas. Texas A&M University Press. College Station. Pp. 225. 

Bailey, V. 1931. Mammals of New Mexico. North American Fauna Number 53. US Department of Agriculture, Bureau of Biological Survey. Washington, D. C. 412 pp.

Species


Schmidley




Bailey

Insectivora, Soricidae

Notiosorex crawfordi

X





X














Lagomorpha, Leporidae

Sylvilagus floridanus

X





X


Sylvilagus audubonii

X





X


Lepus californicus

X





X
Rodentia, Sciuridae

Ammospermophilus interpres
X





X


Spermophilus mexicanus
X





X


Spermophilus spilosoma
X





X


Spermophilus variegatus
X





X

Schmidley




Bailey

Rodentia, Heteromyidae


Perognathus flavus

X





X
Perognathus apache

X





X
Perognathus hispidus

X





X
Perognathus penicillatus
X





X
Perognathus intermedius
X





X
Perognathus nelsoni

X
Dipodomys spectabilis
X





X

Dipodomys spectabilis
X





X
Dipodomys ordii

X





X
Dipodomys merriami

X





X
Rodentia, Cricetidae



Reithrodontomys fulvescens
X
Reithrodontomys montanus
X


Reithrodontomys megalotis
X





X
Peromyscus eremicus

X





X
Peromyscus maniculatus
X





X


Peromyscus leucopus

X





X
Peromyscus boylii

X





X
Peromyscus pectoralis
X






Peromyscus truei

X





X


Peromyscus difficilis

X
Schmidley




Bailey

Onychomus leucogaster

X





X
Onychomus torridus

X





X
Sigmodon hispidus

X





X
Sigmodon ochrognathus
X


Neotoma micropus

X





X
Neotoma albigula

X





X

Carnivora, Mustelidae



Spilogale gracilis

X

Spilogale leucoparia







X

Appendix IC. Rodent List for Saguaro National Park. 

Burt, W. H. and R. P. Grossenheider. 1976. A field guide to the mammals of America North of Mexico. The Peterson field guide Series, 3rd Edition. Houghton Mifflin Co., Boston.

Antelope Ground Squirrel

Ammospermophilus harrisi

pocket gopher 

Thomomys bottae




   

silky pocket mice
P. flavus, 

P. longimembris 

P. amplus

coarse-haired pocket mice
Chaetodipus baileyi


C. penicillatus 

C. intermedius 

C. hispidus

kangaroo rats 

Dipodomys ordii 

D. spectabilis 

D. merriami 

D. desertii

wood rat 

Neotoma albigula 

grasshopper mice 

Onychomys torridus

O. leucogaster 

American Harvest Mice 

Reithrodontomys fulvescens

R. megalotis 

deer mice 

Peromyscus eremicus

P. maniculatus

Peromyscus boyli

Peromyscus leucopus

Cotton Rats

Sigmodon hispidus

Woodrats

Neotoma albigula

Neotoma mexicana


Appendix II. Attendees of a meeting of buffelgrass researchers. Symposium of the Ecological Society of America, August 2003.

Brandon Bestelmeyer
bbestelm@nmsu.edu
Stephanie Bestelmeyer
cdnp@zianet.com
Alberto Burquez
montijo@servidor.unam.mx
Kelly Lyons
Kelyons@ucdavis.edu
Donna King
donnak@email.arizona.edu
Sue Rutman
sue_rutman@nps.gov
Cecil Schwalbe
cecils@ag.arizona.edu., cecil_schwalbe@usgs.gov
Judy Ward
judy@email.arizona.edu
Vicki Gempko
vicke_gempko@nps.gov
Joe Sirotnak
Joe_sirotnak@nps.gov
Dana Backer
dbacker@ag.arizona.edu
Barbara Tellman
bjt@ag.arizona.edu
Patty West
patty.west@nau.edu
Elizabeth Sklad
esklad@usgs.gov
George Ferguson
georgefeu@Arizona.edu
Alejandero Castellanos
acastell@guaymas.uson.mx
Lesley DeFalco
Lesley_DeFalco@usgs.gov
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