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INTRODUCTION

Giardia duodenalis and Cryptosporidium parvum are protozoal parasites that can be transmitted between hosts by the fecal-oral route or because of ingestion of contaminated food or water. Waterborne outbreaks and sporadic human disease can be caused by the presence of these parasites in drinking water. Water districts, public health agencies, and natural resource managers are increasingly focused on finding reasonable ways to reduce the concentration of these parasites in drinking water supplies. To be successful in this effort to minimize the concentration of these waterborne pathogens, we need to identify the primary sources of these parasites and to rule out insignificant contributors. Management efforts aimed at minimizing these waterborne pathogens will likely be more effective and less time consuming if they are focused on significant and not trivial sources. 


The ability of horses and mules to contribute significant amounts of waterborne Giardia or Crypto is an unresolved question. As regulatory agencies seek ways to reduce the concentration of pathogens in drinking water supplies, there is a need to assess whether equestrian and packstock operations are loading watershed areas with unreasonable levels of these infectious parasites. Adult horses and mules can be infected with Giardia and Crypto (Johnson et al. 1997; Forde et al. 1997; Cole et al. 1998; Atwill et al. 2000). In order for contamination to occur, significant amounts of fresh fecal material containing these parasites needs to be deposited in close proximity to surface water. The proportion of fecal material that is deposited in hydrologically remote areas is likely to be a minimal risk to microbial water quality.


 The Tuolumne River serves as a primary source of drinking water for San Francisco. Equally important, the river is a key aquatic resource for Yosemite National Park and its visitors. We are proposing to assess the microbial risk to water quality that is attributable to commercial packstock and equestrian ranger activity in the Tuolumne Meadows system. We will also identify a set of management practices that, if necessary, can be used to minimize the risk to water quality from pathogens in the manure of horses or mules.

SPECIFIC AIMS
Specific Aim 1. Characterize the medical ecology for protozoal parasite infection among horses and mules located in the Tuolumne Meadows system
Working hypothesis: A small percentage of horses and mules are likely to be infected with these parasites, with the duration of shedding extending from a few days for Crypto to several weeks for Giardia. In order to better characterize water quality risk, we need to determine this percentage of infected horses and mules, the duration of shedding, and how many eggs are being excreted per Kg of feces. 

Specific Aim 2. Quantify the livestock fecal deposition rate at critical sites
Working hypothesis: How we manage horses or mules, either at stream crossings, corrals, or campsites, has an influence on when and where they defecate at these locations. In order to accurately characterize water quality risk from manure, we need to determine the average rate of fecal deposition per animal per day at critical sites (e.g., campsites, stream crossings). We will also determine how the prevailing management practices currently in place influence this pattern of fecal deposition.

Specific Aim 3.  Identify management practices for minimizing the risk of equine infection with protozoal parasites
Working hypothesis: The risk of parasite infection for horses and mules is determined in part by how we manage our livestock. For example, corral densities in excess of 2 animals per 100 square feet encourages infection with Giardia (Atwill et al. 2000). We will identify management practices that are associated with the risk of shedding these parasites and how, if necessary, to minimize livestock infection.  Should a recommendation be made to relocate stables to minimize risk, criteria for optimal location sites will be provided.

Specific Aim 4. Characterize the medical ecology for protozoal parasite infection among Belding ground squirrels (Spermophilus beldingi) and yellow-bellied marmots (Marmota flaviventris)
Working hypothesis: There is growing evidence that ground-dwelling squirrel and marmots may function as environmental reservoirs of C. parvum.  In order to better characterize water quality risk, we need to determine the percentage of infected and how many eggs are being excreted per Kg of feces at the population level.

BACKGROUND
The first step in assessing the potential risk of surface water contamination by packstock in the backcountry is to estimate the prevalence of fecal shedding among horses and mules located in the backcountry. Only a few surveys have been conducted on the prevalence of fecal shedding of Giardia and Crypto for packstock in the backcountry. Johnson et al. (1997) determined that none of 91 horses used for backcountry recreation in California were positive for either Giardia or Crypto. A recent survey on trail horses utilizing public trails in Colorado found that 0.7% and 0.3% were shedding Giardia and Crypto, respectively (Forde et al. 1997). Among the general equine population, Cole et al. 1998, determined that 7% (5/70) of foals on breeding farms and 0.3% (1/366) of geldings, intact males, and mares were infected with Crypto as determined by immunofluorescent microscopy. We have recently conducted a parasite survey on horses and mules used as packstock at commercial or governmental (National Park Service, US Forest Service) operations in the Sierra Nevada Range (Atwill et al. 2000). About five percent of 305 packstock were shedding Giardia cysts, with herd-level prevalences ranging from 0 to 22%. Number of packstock in the corral, size of corral, and density of packstock in the corral were associated with the risk of shedding Giardia cysts. None of the horses or mules had detectable Crypto.

METHODS
Our overall goal is to conduct a reliable assessment of the risk of waterborne Giardia and Crypto contamination attributable to packstock operations and equestrian ranger activities in the Tuolumne Meadows system. We believe three consecutive seasons (summers) are necessary in order to generate reliable scientific data. The risk may be very low, given relatively low infection rates among adult horses and mules, or it may be high enough to warrant additional management practices designed to minimize water quality risk. We propose that this project be inclusive and we welcome input and collaboration from all stakeholders involved in or concerned by this project.

Specific Aim 1. Characterize the medical ecology for protozoal parasite infection among horses and mules located in the Tuolumne Meadows system
Fecal samples will be collected every other week during two consecutive summer seasons from 60 to 80 horses and mules present in the Tuolumne Meadows system. Each year we will enroll a different group of animals. Packstock operations and National Park Service (NPS) livestock will be sampled. Fecal samples will be shipped to the Veterinary Medicine Teaching and Research Center in Tulare, CA for parasite determination using immunofluorescent microscopy. Demographic information on each animal in the study will be collected in order to determine if specific types of horses or mules are at higher risk of infection. We will estimate the prevalence of shedding, the mean duration of shedding, and the average number of Crypto and Giardia produced by packstock and NPS livestock. 

Specific Aim 2. Quantify the fecal deposition rate at critical sites
The rate of fecal deposition by packstock can be estimated by recording the amount of fecal material deposited over time for a network of transects. These transects will be placed at critical resource sites such as upper Lyell Canyon, Emeric Lake, and Virginia Canyon, at creek crossings on Delaney, Rafferty and Sunrise Creeks, and trails in the Tuolumne Meadows area including the trails to Lyell Canyon, Vogelsang, Glen Aulin and Sunrise. We will establish these transects during year 1 and enumerate fecal loading for the following two years. We will collect management and packstock information in order to determine factors that encourage defecation at hydrologically or other sensitive areas. Operational details are to run a set of transects at critical sites whereby we clean them the day before or morning of, enumerate total packstock or trail day use, then reread the transects that evening or early the next morning. We have begun installing these transects during the summer 2001 and found that the design will work very well for enumerating fecal deposition. We will also determine the spatial distribution of manure deposition at campsites as a function of management. These efforts will allow us to calculate the mass balance of daily fecal deposition for corral, trail, near-creek, and campsite as a function of specific management practices.

Specific Aim 3.  Identify management practices for minimizing the risk of equine infection with protozoal parasites
The risk of parasitic infections in horses and mules is influenced by how we manage our livestock. During the project outlined in Specific Aim 1, we will also collect management information for each animal that is enrolled in study. For example, information on the weekly average density of packstock in the corral and on manure management will be collected in order to determine if these factors influence the rate of parasitism. 

Specific Aim 4. Characterize the medical ecology for protozoal parasite infection among Belding ground squirrels (Spermophilus beldingi) and yellow-bellied marmots (Marmota flaviventris)
Our subjects will be a total of 300 Belding’s ground squirrels in the Dana Meadows and Tioga Pass areas. All squirrels at each site will be live-trapped with the use of approximately 30 Havaheart traps and marked with ear tags and dye for identification. Vocalizations from each subject will be recorded at the start of the trapping procedure as another means of identification. Hair samples and fecal samples also will be collected from each subject for genetic and pathogen analyses respectively. Each subject will be temporarily restrained and injected with ketamine hydrochloride prior to the marking and sampling procedures. Each subject will then be released to the burrow at which it was trapped once they have recovered from the analgesic. Animals will be handled in accordance with IACUC protocol No. 8607 approved by the IACUC of the University of California at Davis on 10 June 2002, which is currently under renewal for 2003. A scientific permit issued to Dr. Brenda McCowan for the trapping and marking of ground squirrels is also in the process of being renewed by the Department of Fish & Game.
POTENTIAL IMPLICATIONS
Two primary outcomes are possible regarding this project. First, the data could suggest that the risk of waterborne Giardia and Crypto contamination attributable to packstock operations and equestrian ranger activities in the Tuolumne Meadows system is negligible. Alternatively, the data could suggest that the risk of waterborne Giardia and Crypto contamination from packstock and equestrian ranger activities is unacceptably high, indicating the need for additional management measures to minimize such risk. If the water quality risk is found to be unacceptably high, it is our intention to recommend a variety of practical management options that will minimize the risk to microbial water quality from these packstock and equestrian activities.

TIME SCHEDULE

Specific Aims 1 and 3 will occur simultaneously for the 2002 and 2003 field seasons. Aim 2 will be conducted for three consecutive summers, starting in 2002 and continuing through the 2004 field season (campsites, trails, meadows, stream crossings, corrals, etc.). Aim 4 will occur in 2003 and 2004.

OUTREACH AND EXTENSION 

Develop and conduct meetings and workshops to provide information on the risk to water quality of fecal pathogens shed by pack and saddle stock, along with stock handling and grazing management practices that can be used to minimize the risk to water quality from pathogens in manure.  These programs will be directed towards Park and Forest Service resource managers, concessionaires, commercial and agency packers, recreational packstock organizations and interested members of the public.  If deemed necessary by the various stakeholders and the Park Service, we will also assist managers of packstock corral facilities and Park staff in designing appropriate intervention strategies for minimizing the risk of water contamination from accumulated manure at corral facilities.

REQUIRED LOGISTICAL SUPPORT
Lodging and laboratory space at Tuolumne Research Center, “Bug Camp” will be needed.
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