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JUSTIFICATION: This proposal addresses a priority need stated by many of the southwestern National Park Service areas.  The management of nuisance rattlesnakes is an issue throughout southwestern national parks (e.g. Nowak and van Riper 1999) yet, to our knowledge, there have been no conclusive studies linking rattlesnake movements and nuisance behavior with prey base, and prey base with changes in habitat caused by human modifications.  At Tonto National Monument, Resource Management Specialist Shirley Hoh requested that USGS Colorado Plateau Field Station associate Erika Nowak conduct a telemetry study to determine movement patterns of nuisance rattlesnakes (i.e., snakes that occur in visitor use or residential areas). The park is particularly concerned with the safety and management implications of how rattlesnakes use their residential area. This work will be partially funded by the park, if additional funding is procured for the purchase of radio-transmitters so that we can properly track an adequate number of snakes. We would like to add the proposed additional component to the research to help determine the proximate causes of nuisance rattlesnake movement patterns. 

RESEARCH BACKGROUND: Rattlesnakes are feared because they are capable of envenoming humans. For this reason rattlesnakes are considered “nuisance” animals and are frequently killed or relocated by public agencies when discovered in areas where they might encounter humans. In addition to human safety risks associated with rattlesnake relocation, these programs have the potential to negatively impact rattlesnake behavior and survival (Nowak and van Riper 1999, Reinert and Rupert 1999, Hare and McNally 1997). While the problems associated with nuisance rattlesnake relocation programs have been well-documented, the causes of (and thus alternative ways of preventing) rattlesnake nuisance behavior have not been carefully studied. 

In some national parks rattlesnakes become nuisances as they travel through developed areas to and from hibernation sites (e.g. Nowak and van Riper 1999, Graham 1991). As well, previous studies outside national parks have shown relationships between rattlesnake movement patterns and prey availability (e.g. Duvall et al. 1985, M. Goode, pers. comm.). There is preliminary evidence that humans may favorably influence the prey base for rattlesnakes around developed areas. Graham (1991) found that the abundance of small mammals, lizards, and birds was higher around visitor centers, campgrounds, and housing areas at a Utah national park. He hypothesized that these results were linked to an artificially increased availability of food and shelter opportunities. In spite of this preliminary research, no one study has attempted to determine if there are direct connections between human-caused habitat alterations and the ecology and resource utilization (e.g. movement patterns, hibernation sites, and prey base) of rattlesnake populations. If such a link exists, it will likely have consequences for rattlesnake management on public lands as well as around private homes, and could result in shifting future policies away from problematic relocation programs. 

We propose to remedy this lack of scientific and management information by adding a prey base component to a partly-funded one-year study of the movement patterns of nuisance rattlesnakes at the Tonto National Monument (see attached proposal). We propose to compare relative prey availability in areas where snakes have been observed foraging in both human-modified (developed) and more remote (undeveloped) areas. We will also assess the effects of human alterations of habitat on prey populations in each type of area by comparing standardized habitat parameters. 

OBJECTIVES: This proposal will complement another proposed telemetry study of nuisance rattlesnakes at Tonto National Monument.  This component has the following objectives: 1) secure additional funding to complete telemetry research on nuisance rattlesnakes; 2) determine relative abundance of prey (small mammals) in developed (e.g. residential and visitor use) compared to undeveloped areas; 3) determine prey use by direct observations of rattlesnake foraging and scat analysis; 4) compare differences in prey habitat in developed and undeveloped areas through plot-based habitat descriptions incorporating anthropogenic disturbance factors; and 5) develop a final report in conjunction with the telemetry research assessing potential causes of nuisance rattlesnake behavior and movement patterns and recommending management policies. 

METHODS/RESEARCH DESIGN: Telemetry and Snake Capture (see attached proposal for additional information). Snakes will be captured with snake tongs, placed in buckets previously constructed by the maintenance staff, and sexed, weighed, and measured. The three bottom rattle segments will be marked with individual color combinations of model airplane paint to permit distance identification of marked rattlesnakes (Brown et al. 1984). Radio-transmitters will be implanted in ten male or non-pregnant female adult rattlesnakes (likely western diamondbacks, Arizona black rattlesnakes, or blacktail rattlesnakes). Transmitters weigh 11 grams (no more than 5% of snake body weight), and have a life expectancy of about two years. Surgeries will occur in a local veterinary hospital. Methods for preparation and surgery will follow those of Hardy and Greene (1999), except that prior to surgery rattlesnakes will be anesthetized by introducing anesthesia into an aquarium adapted for this purpose, and during surgery anesthesia will be administered by tracheal entubation. There will be a 12-hour post-operative recovery period, after which rattlesnakes will be returned to their original capture site. We will determine rattlesnake positions twice a week during the active period and once every month during the expected inactive season of early November to late February. When a snake is located, we will record its position using a GPS unit, as well as time, date, air and substrate temperatures, habitat association, and behavior.

Prey Sampling. We will set up eight sampling grids of 20 traps each for small mammals in areas that rattlesnakes use during foraging, four grids in developed (residential and visitor use) areas and four grids in undeveloped areas. In the absence of suitable foraging data by the first sampling session, park staff anecdotes will be used to help determine placement of grids. Each grid will be open concurrently for three nights in April, May, August, and October. These trapping times correspond to peak feeding times for rattlesnakes at Montezuma Castle National Monument (Nowak and van Riper 1999). The traps will be checked every morning during the session, rebaited, and reset. The traps will be baited with a mixture of oats, peanut butter, and seeds to attract a variety of small mammals, and will be removed and cleaned between sessions.

When captured, each small mammal will be identified to species, aged, sexed, weighed, measured, and marked individually by using flexible plastic or aluminum ear tags. These methods of marking have been demonstrated not to adversely impact the health or behavior of target taxa, if properly applied in the field (Rudran et al. 1996). After marking, the animals will be released at their capture site. We will also GPS the location of each capture. 

We will determine the composition of prey in the diet of snakes by analyzing fecal samples collected during processing or while in captivity. This method is often successful at determining species based on differentiation of guard hairs or scale remnants (M. Goode, pers. comm.). We expect to also determine species eaten by direct observations of foraging. We will compare this information to trapping results to determine use versus availability of prey species. 

Habitat Sampling. We will assess differences in habitat available to snake prey in developed and undeveloped areas using 0.5-ha plot based sampling. We arrived at this plot size based on previous habitat sampling work in 1.0 ha grids (which proved unwieldy in complex habitats) as part of a National Park Service Inventory and Monitoring project (Nowak et al. 2002 unpubl., after Elzinga et. al 1998). We will sample at least 10 plots each in developed and undeveloped habitats. Habitat parameters to be recorded include vegetative cover by class (e.g. forb, shrub, etc.), species, and height, slope, aspect, substrate (including erosional areas), (human) litter abundance, percent cover of non-native plants, percent water cover and type, degree of soil compaction, shelter type, etc.). We will photo document and GPS the location of each plot. 

Data Analyses. We will plot snake movement and range, prey distributions, and habitat models using ArcView. We will calculate snake activity range sizes using the home range program Telem (K. McKelvey, pers. comm.), or an ArcView extension and will determine distances moved by the rattlesnakes through manipulation of the distances between successive UTMs. 

The relative abundance, species diversity (richness), and population size for the snakes and small mammals captured will be estimated using a program such as CAPTURE designed for mark-recapture methods (Nichols and Dickman 1996). To estimate species abundance and population size, we will use a version of the Jolly-Seber model for open populations (the proximity of likely trapping areas and the two-year duration of the study require the assumption that animals can be gained and lost from the population, e.g. Nichols and Dickman 1996). 

We will test differences in prey relative abundance and species composition in developed and undeveloped areas using standardized t-tests or non-parametric analyses in SPSS. We will compare the frequency of small mammal species abundance and diversity to that of the diet composition of the rattlesnakes using a X2 test (Sokal and Rohlf 1981). 

Habitat analyses and comparisons between developed and undeveloped areas will be made using statistical ordination and cluster analysis (e.g. a version of detrended correspondence analysis will be used, per recommendation from J. Crawford, US Forest Service, pers. comm.). Models describing the (two) different habitat types will be developed from habitat data using GIS.

EXPECTED RESULTS and INFORMATION TRANSFER: An interim progress report will be produced after the first year and presented to park staff, in which we will summarize the data collected and significant findings, and describe any changes to the protocol in the second year of work. Results will also be entered in an Investigator’s Annual Report (IAR). At the conclusion of the second year of fieldwork, data mapping, and analysis, we will produce a final report detailing our results and making recommendations for management of nuisance rattlesnakes and their prey at Tonto in the form of a final technical report. We will then give presentations on the results and implications of this study to Tonto and other interested national parks and monuments, state parks, wildlife refuges, and Forest Service land areas in Arizona.  We will also produce and distribute a USGS technical report to all NPS areas in the southwestern United States. Metadata will de developed following NBII standards, provided to the NBII Metadata Clearinghouse,  and permanently housed at the USGS Colorado Plateau Field Station.

SCHEDULE: 
Spring-fall 2002 and 2003: Capture and track rattlesnakes. Begin mammal trapping. Begin data entry and mapping.

Winter 2002:
Monitor telemetered snakes at dens once a month. Finish first-year data entry, analysis, and mapping. Write interim progress report and IAR by February 15. Present first-year results to park staff.  

Winter 2003-2004:
Complete data entry, mapping, and analysis. Write final technical report and IAR, including management suggestions by March 1, 2004. Present results to park staff and other agencies as interested. 
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PERSONNEL

Charles van Riper III (Principal Investigator)
Erika Nowak (Project Manager/Contact) 

Technician and Veterinarian: to be hired.

BUDGET

	
	CONTRIBUTED
	ADDITIONAL REQUESTED – 

Year 1
	ADDITIONAL REQUESTED – 

Year 2

	I. Salaries
	
	
	

	A. Project Manager @ $20/hr x 10 hrs/wk x 40 wks 
	4,000
	4,000
	8,000

	B. Technician @ $15/hr x 15 hrs/wk x 40 wks
	3,000
	6,000
	9,000

	C. Veterinarian @ $50/surgery 
	500
	-
	500

	TOTAL SALARIES
	$7,500
	$10,000
	$17,500

	
	
	
	

	II. Equipment
	
	
	

	A. Telonics receiver, antenna, and cables
	1,000
	-
	-

	B. Holohil transmitters @ $280 ea.
	1,375
	1,425
	-

	C. PIT tag scanner
	1,200
	-
	-

	D. PIT tags @ $5 ea. 
	250
	-
	-

	E. Small mammal traps @ $10/trap x 80 traps 
	500
	300
	-

	F. Field camera/lenses 
	250
	-
	-

	G. Mammal ear tags and supplies
	-
	500
	100

	H. Snake capturing equipment
	600
	-
	-

	I. Veterinary supplies
	250
	50
	50

	J. Expendables (batteries, film, etc.)
	25
	100
	100

	TOTAL EQUIPMENT
	$5,450
	$2,375
	$250

	
	
	
	

	III. Travel
	
	
	

	A. Vehicle mileage @ $0.33/mi. x 250 mi/ trip x 90 trips/yr
	3,300
	4,125
	7,425

	B. Per Diem – 100 days @ $15/day 
	600
	900
	1,500

	C. Lodging @ $30/night x 90 nights/yr
	1,200
	900
	2,100

	TOTAL TRAVEL
	$5,100
	$5,925
	$11,025

	
	
	
	

	
	
	
	

	TOTAL PROJECT COSTS
	$18,050
	$18,300
	$28,775
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