In southwestern national parks, rattlesnakes are a source of great interest to the visiting public; however, parks must minimize the potential for venomous snakebite when managing rattlesnakes. In recent years Arizona parks have initiated short-term research projects to understand basic biology and requirements of their rattlesnakes, to assist with management of snakes found in public areas, and to better educate park visitors. However, because rattlesnakes may live to be 20 to 25 years old, the amount of information that such short-term studies can provide to parks is limited, hindering long-term management planning. There is almost no information on rattlesnake growth and survival rates, longevity, recruitment, and long-term habitat requirements, nor on the population size of snakes using public areas. We propose to remedy this lack of scientific and management information by initiating long-term monitoring of individual rattlesnakes at Montezuma Castle and Tuzigoot National Monuments. We will capture rattlesnakes at their hibernation sites and opportunistically during the rest of the year, and use PIT tag technology to permanently mark individuals, which may then be scanned and identified whenever encountered. We will determine the number of snakes found in public and residential areas and their recapture rates, determine life history information, including sex ratio, age class, reproductive status, and body measurements from captured animals, assist park staff with development of interpretive programs based on the research. We will also produce a report detailing results and management suggestions, which will be presented to park staff and made available to other parks. This study represents an excellent opportunity for park rangers to become involved in a natural resources management project and at the same time interpret it to the public. We will use this initial year as a “seed grant” to apply for additional funding to continue the monitoring project, and expand it to other parks. 

 Justification suggestions 


The staff of Montezuma Castle and Tuzigoot National Monuments strongly support this proposal. No NPS-appropriated funds are available for this project, and this proposal was not directly solicited by the park, but development and implementation of monitoring for reptiles and amphibians is listed as a management priority in MOCA-N-703.000 and MOCA-N-703.001 in the Resource Management Plan. 


The principal investigator has been conducting quality research on rattlesnakes at these two monuments since 1994, and has produced several reports and presentations, which have been useful from a management perspective as well as informative for our interpretive staff. We have used the results of her research to shape management policies for rattlesnakes at the monuments, and have incorporated them into brochures (courtesy of SPMA), a trailside display, interpretive programs, and a PIX interactive computer terminal. 


Given the breadth and scope of the research conducted at these monuments thus far, and the commitment to research in our parks that the principal investigator has shown, we feel that initiating a long-term monitoring program for rattlesnakes is an essential next step in furthering our understanding of these animals. Without monitoring of our park resources, we can not obtain information on change in their condition over time. Information on changes in relative population size, structure, and distribution over longer periods of time will be important in helping future park staff make management decisions. For potentially dangerous wildlife like rattlesnakes, we need additional information on the likelihood and nature of their interactions with humans. The use of PIT tags to mark individual rattlesnakes, particularly nuisance animals, appears to be a simple and relatively inexpensive way to carry out such a monitoring program. 


We have seen already that rattlesnake research in the monuments generates a great deal of interest and enthusiasm in our visitors, and initiating a monitoring program will only add to our visitors’ enjoyment of the park over many years. Scanning rattlesnakes found on the trails or roads to identify them will give the rangers added opportunity to insert new themes to their interpretation efforts. Finally, we feel that this study has value in a greater context, as a prototype monitoring program that other parks can follow to obtain long-term biological, management, and interpretive information on their rattlesnakes. 

Introduction


In southwestern national parks, rattlesnakes are a source of great interest to the visiting public, and some parks may well be providing refuges for rattlesnake populations, which are heavily persecuted outside of these protected areas (Nowak 1998b). However, parks must minimize the potential for venomous snakebite when managing rattlesnakes. Historically, rattlesnake management in national parks consisted of long-distance relocation of “nuisance” snakes (those found near public or residential areas), but this did not diminish the number of sightings (Nowak 1998a). In recent years Arizona parks have initiated research on rattlesnake biology, to understand their basic ecological requirements, to assist with management of nuisance snakes, and to better educate park visitors. These studies have examined the effects of rattlesnake relocation at Montezuma Castle National Monument (Nowak 1998a), the natural history of  rattlesnakes at Tuzigoot National Monument (Nowak 1998b), the natural history of tiger rattlesnakes at Saguaro National Park (M. Goode, pers. comm.), and the community ecology of several species at Organ Pipe Cactus National Monument (Rosen 1998). 


None of the above studies has obtained funding to continue research on individual rattlesnakes for more than a few years, and because rattlesnakes may live to be 20 to 25 years old, the amount of information that these short-term studies can provide to parks is inherently limited in scope. Without long-term monitoring, there are many questions that cannot be answered, such as growth and survival rates, longevity, recruitment, and long-term habitat requirements, nor on the population size of snakes using public areas, and their recapture rates. However, this problem could be remedied with information easily and cheaply collected on individual rattlesnakes monitored over long periods of time using passive implantable transponder (PIT tag) technology (Fagerstone and Johns 1987), in which individuals are permanently marked and scanned (similar to a grocery-store bar code reader) whenever encountered. This type of monitoring also represents an excellent opportunity for park rangers to become involved in a natural resources management project and at the same time interpret it to the public: many rangers are already involved in capturing and relocating nuisance rattlesnakes short distances (the current management practice in most parks; Nowak 1998a).  


We propose to initiate long-term monitoring of individual rattlesnakes at Montezuma Castle (including the Montezuma Well section) and Tuzigoot National Monuments, using PIT tag technology. The three sites chosen are unique in each having a previous investment of four years of rattlesnake research, and in averaging twelve sightings of rattlesnakes per year (Nowak 1998a and b). It is particularly valuable to initiate and continue long-term monitoring of rattlesnake populations which have been studied intensively for a few years, as baseline information on their biology and movements is readily available for future reference and comparison purposes. To ensure the future continuity of the monitoring program, we will use this initial year as a “seed grant” to apply for additional funding to continue and expand the project to other parks (Organ Pipe Cactus and Tonto National Monuments have expressed interest and support for similar studies in their areas). The long-term goals of this study are to provide park managers with information on the population size of rattlesnakes in public areas, recapture rates, and data on growth rates, longevity, survivorship, and distribution over extended periods of time.

Objectives


This study, which is the implementation phase of a longer-term project, has the following objectives: 1) determine the rattlesnake numbers in public and park residential areas and their recapture rates for management purposes; 2) determine life history information from animals captured, including sex ratio, age class, reproductive status, and body measurements, which are important in providing continuity with past and future research efforts; 3) train interested park staff in project procedures and assist them with development of interpretive programs based on the research; and 4) produce a first-year report detailing results and management suggestions, which will be presented in a program to park staff and will be made available to other parks.

Methods


We will give informational presentations about this project to all monument staff prior to its initiation, and will train interested park staff in rattlesnake capture and scanning techniques (see below). Researchers and trained park staff will capture all rattlesnakes found in public and residential areas. With volunteer help, we will 

also intensively survey known hibernation sites (Nowak 1998 a and b) for two weeks in the spring during warm days (generally, mid- to late March), to capture emerging rattlesnakes (Woodbury et al. 1951). Snakes will be captured with snake tongs, placed in buckets previously constructed by the maintenance staff, and sexed, weighed, and measured. We will record capture location, ambient temperature, weather conditions, and direction of travel. 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). 

For permanent identification, we will inject a small (11 to 12 mm) glass-encapsulated passive integrated microchip transponder (PIT tag) into each snake (Fagerstone and Johns 1987). These tags last for the lifetime of their host animal, and may be scanned at a distance of 12 inches to produce a unique identification code (for applications such as rattlesnake research, the tag scanner is mounted on a pole). Using sterile techniques and under the training of a veterinarian, we will insert a hypodermic needle between belly scales in the posterior third of the snake’s body, approximately 1.5 centimeters into the coelomic (gut) cavity, and inject a tag (Jemison et al. 1995). PIT tags, when properly injected into the gut cavity, have been shown not to cause adverse effects to snakes and have low failure rates (0-1%) (Jemison et al. 1995, Keck 1994, Camper and Dixon 1988). 


Every time a rattlesnake is captured we or trained park staff will scan it with a tag scanner to verify its identity. Park rangers are already capturing and relocating nuisance rattlesnakes short distances from trails, so this scanning of snakes will accompany an existing activity while adding scientific information useful to management and interpretation. Each capture and release of a snake in a public area will be used as an interpretive opportunity to explain to visitors the project’s objectives, funding source, and results, as well as rattlesnake biology and behavior. We will collect data, as above, and photo-document research activities. No more than 24 hours after initial capture, the snake will be released at or near its original capture point, consistent with current park policies. 


An interim progress report will be produced after the first few months of the study. At the end of the first year, we will summarize the data collected and describe the significance of this initial study in a report (technical report style) which will be presented to and discussed with park staff. We will also make this report available to other parks. Information will be summarized for visitors in a layperson’s report, consistent with SPMA guidelines, and we will assist rangers with development of interpretive programs and other media based on this research.


We will apply for additional funding to continue this monitoring project into the future and to initiate rattlesnake monitoring in other interested parks. To minimize handling of rattlesnakes by park staff over the long term, we will encourage only capture of untagged snakes and those not previously captured in the same year (unless the snake needs to be moved for safety reasons). We will present study results in peer-reviewed journal articles, a technical report, and conferences. 
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Qualifications of the Investigators
Erika Nowak (Principal Investigator/Contact): Ms. Nowak (M.S. Biology, Northern Arizona University, 1998) has been project manager for studies of free-ranging rattlesnakes using telemetry at Montezuma Castle and Tuzigoot National Monuments since 1994, as well as for herpetofaunal surveys at Petrified Forest National Park since 1997. She has extensive experience with study design, proposal writing, fieldwork, budget management, data analysis, and deliverable production. Ms. Nowak has been recognized around the state for her research on issues relating to the management of rattlesnakes, and has served as a consultant for National Park Service areas experiencing problems with nuisance rattlesnakes. She has extensive experience with developing interpretive presentations: she has conducted public and technical outreach programs about rattlesnakes across Arizona, presenting papers and posters at scientific conferences, to local citizen groups, herpetological societies, the Flagstaff Festival of Science, the Verde River Days festival, the Phoenix Native Plant Society, Red Rock State Park, the ‘Ahakhav Tribal Preserve, and the Arizona Game and Fish Department’s Nongame Branch.

Other SPMA-funded research:

Rattlesnake Relocation at Montezuma Castle National Monument: $6,148. 2-year field study funded in 1994. Charles Drost was the Principal Investigator for this project; Erika Nowak was the Project Manager and conducted the fieldwork.

Manuel Santana-Bendix  (Technician): Mr. Santana-Bendix (M.S. Wildlife and Fisheries Science, University of Arizona, 1994) has over 15 years experience and is skilled in all aspects of handling, marking, and tracking venomous snakes, ranging from huge tropical bushmasters and fer-de-lance, to western diamondback rattlesnakes at Tuzigoot and Montezuma Castle National Monuments in Arizona. His master’s thesis research used radio-telemetry to study the habitat use and movements of the brown tree snake on Guam.

Dr. Bruce Weber (Veterinarian): Dr. Weber has had over 15 years experience in performing surgeries on and anesthetizing a variety of snake species, including large boas, pythons, and rattlesnakes, using tracheal entubation to administer anesthesia. Since 1994, he has completed over 25 successful transmitter implantations in rattlesnakes from Montezuma and Tuzigoot National Monuments. Dr. Weber's high success rate for snake implantations attests to his high level of skill. 

Budget






Requested

 Contributed

Senior Personnel:

1. Principle Investigator (Nowak) @ $15/hr x 100 hrs
$1,500.00

2. Other Personnel:

Other professionals (2): see itemization 


$1,200.00

$   500.00

Undergrads (4 volunteers) @ $8/hr x 80 hrs





$   640.00

Park staff @ $8/hr x 40 hrs







$   320.00




TOTAL PERSONNEL COSTS


$2,700.00

$1,460.00


EQUIPMENT COSTS



$2,665.00

$1,400.00


TRAVEL AND SUBSISTENCE


$1,976.00

Other Costs:

Expendable Supplies and Materials



$   100.00






TOTAL OTHER COSTS


TOTAL PROJECT COSTS



$7,441.00

$2,860.00

Personnel and Their Tasks

Senior Personnel:

1)  Erika Nowak (Principal Investigator and Biologist): $15/hr x 100 hours= $1,500, requested cost. Ms. Nowak is based at the Colorado Plateau Field Station in Flagstaff, Arizona. She will manage the project and budget, coordinate field activities, assist with surveying for rattlesnakes at dens during the spring emergence period and processing of rattlesnakes captured after this period, oversee data entry, summarize data, write and present reports, and assist with development of staff interpretive programs.

2)  Manuel Santana-Bendix (Assisting Biologist): $15/hr x 80 hours= $1,200, requested cost. Mr. Santana-Bendix will be primarily responsible for processing rattlesnakes during spring emergence and those captured opportunistically later in the season.

Other Personnel:

1)  Dr. Bruce Weber (Veterinarian): $50/hr x 10 hours= $500, contributed cost. Dr. Weber’s salary will be contributed by the Verde Veterinary Hospital, in Cottonwood, Arizona. Dr. Weber will assist with the initial injections of PIT tags, and assist with the training of additional volunteers as needed.

2)  Undergraduate Volunteers: Approximate value: 4 people x $8/hr x 20 hours each=  $640, contributed cost. We will recruit biology undergraduates and other trained persons as volunteers to assist with surveying during spring emergence and to assist with tasks such as processing snakes, entering data, and designing interpretive displays. 

3)  Park Staff Volunteers: Approximate value: $8/hr x 40 hours= $320, contributed cost. Volunteers will donate their time. We anticipate, based on past experience, that some park staff will request to volunteer their time to help capture rattlesnakes, or assist in other ways. 

Equipment Costs

1)  PIT tag scanners with poles, rechargeable batteries, chargers (2 sets; Montezuma Castle and Well will share one set): $1,000 ea. x 2 sets= $2,000, requested cost.

2)  Individual sterile PIT tags with needle injector kits: $200/lot (25 tags) x 2 lots: $400, requested cost.

3)  Thermometers: $13.00 ea. x 5 (2 extra in case of breakage)= $65, requested cost. 

4)  2 sets scales, snake buckets, measuring tapes, snake probes, snake tubes, etc. measuring equipment = $200/set. 1 set, contributed cost and 1 set, requested cost.   

5)  Computer with database and word processing software: Approximate value: $1,000, contributed cost.

6)  Camera and lenses: Approximate value: $200, contributed cost.

Travel and Subsistence (Trips to each area per month to capture snakes in the spring, and thereafter process opportunistically-captured snakes).

1)  Mileage to Montezuma Castle and Well from Flagstaff: 100 miles/trip x 4 trips/month x 8 months x 0.30/mile= $960, requested cost.

2)   Mileage to Tuzigoot from Flagstaff: 130 miles/trip x 2 trips/month x 8 months x 0.30/mile= $624, requested cost.

3)   Per diem for overnight trips (includ. ¾ rate for half-day travel on return): $14/night x 3.5 nights/month x 8 months x 1 person/night= $392, requested cost. 
Other Costs
Supplies and Materials/expendable supplies: film, developing, paint pens, batteries, paper, pencils, computer disks, flashlights, misc. supplies= $100, requested cost. 
