Methods: 

Objective 1.
Characterize dispersal and population biology of stable flies and houseflies and develop monitoring methods for use in indoor and outdoor environments.

Subobjective 1.
Characterize stable fly origins and dispersal

A. Characterize larval habitats of stable flies (NE-ARS, KS, TX, FL-ARS)

The seasonal dynamics of winter hay feeding sites will be evaluated by temporal and zonal sampling of feeding sites. Core samples will be collected and macrofauna isolated. Immature stable flies will be counted and characterized by instar. Other macrofauna will be quantified and cataloged. Emergence traps will be used to evaluate zonal and seasonal stable fly emergence. These data will be used to identify the zones and seasons of primary stable fly production in hay feeding circles so control strategies may be most effectively focused. Livestock producers will be surveyed to quantify and characterize winter-feeding sites and systems. Stable fly production from different winter-feeding systems will be evaluated with emergence traps and core sampling. 

A survey will be conducted at the University of Nebraska Agricultural Research and Development Center (ARDC) located near Ithaca Nebraska to locate alternate larval habitats. Four sections representing 4 agroecotypes, cattle feedlot, dairy, pasture and cropland will be surveyed in early, mid and late summer. Aerial photos will be used to assist ground surveillance crews to locate and map potential stable fly larval developmental sites. Alsynite stable flytraps will be maintained semiweekly. The region within a ½ mile around traps showing rapid, isolated, increases in stable fly collections will be surveyed to identify the sources of the flies. Physical (temperature, humidity, pH, and media consistency) and biological (stable fly density, associated entomofauna and microfauna) parameters will be recorded at sites, both positive and negative for immature stable flies, to develop descriptive parameters for suitable larval developmental sites. Potential sites will be monitored throughout the year to determine their seasonal contribution to stable fly populations. In subsequent years, surveys will be conducted at other locations representing different climatic and / or cultural zones. Stable fly larval habitats identified will be characterized, as were hay-feeding sites. 

Grids of Alsynite traps will be maintained to measure the geographic and temporal distribution of adult stable fly populations associated with areas included in the surveys. Representative samples of flies will be dissected to determine physiological status (ovarian stage, parity, blood-fed, and mated). Temporal correlation of adult trap collections and emergence from larval developmental sites will be used as an indicator of the contribution of given types of developmental sites to adult fly populations. GIS will be used to identify associations between stable fly populations and landscape features such as land use / crop / pasture, vegetation distribution, soil type and known larval developmental sites and adult aggregation sites. Dependent upon availability of resources, additional remote sensing technologies including far-infrared imaging will be incorporated into the survey for larval developmental sites.

B. Identify climatic factors affecting stable fly populations (MN, KS, NE-ARS, TX, FL-ARS)
Records of numbers of flies caught per trap per day in each of the 60 data sets (site-years) will be analyzed using mixed regression models to relate changes in catch rates to density and antecedent weather variables. Weather data will be downloaded from the nearest NOAA station. Time scales for each series will be converted to a generational time scale, using temperature-rate data (Lysyk 1998). Catch rates will then be interpolated and matched between generations to derive sequential measures of growth from one generation to the next. Growth rates will be analyzed with a mixed model response surface approach (Goulson et al. 2005), using antecedent densities, temperatures, and precipitation as predictors. Density and weather variables will be treated as fixed effects, whereas site-year combinations will be treated as random. Results will be assembled into a spreadsheet model to calculate catch rates from daily temperature and precipitation data. Starting from an initial value for catch rate, provided by the user, the model would calculate growth rate as a function of temperature and precipitation, as deemed influential in the response surface model, and then integrate growth rates to project seasonal patterns of fly abundance. Models will be tested on new data sets as they become available. Bootstrap (Monte Carlo) simulation procedures will be used to evaluate predictions of fitted response surface models in alternative climatic regions of the US and Canada, as sampled from their respective historical records.

C. Dispersal of Stable Flies (ARS-NE, FL, LA, AR, TX, KS, IN, MN, NY)

Historical weather and first date of stable flies’ appearance on traps will be evaluated to estimate when northerly dispersal of stable flies is most likely to occur. Sampling will begin 2-3 weeks prior to the estimated date and continue until local production of the second generation is observed. Alsynite traps will be deployed along the putative northeasterly dispersal routes through NW TX, and OK, KS, NE, IA, MN, IL, IN and NY. Traps will be operated semi-weekly during the dispersal period and the number of stable flies caught will be recorded. Weather will be monitored to identify frontal systems approaching the study area; traps will be operated daily at least two days before and after the arrival of frontal systems. Fresh stable fly specimens will be dissected to assess physiological status. Correlation of trap collections with weather parameters will be assessed.   Three and five fold increases in trap rates (flies/trap-day) will allow two levels of discrimination of the strength of the data. The proportion of 3x and 5x traps in each of the study areas will be compared to the passage of frontal systems as confirmed by changes in barometric pressure, temperature and wind direction. Response of stable flies of different physiological states to changes in barometric pressure (Wellington 1945) will be assessed in the laboratory.

Alsynite traps will be run from January to April to identify putative sources of migrating flies; traps will be run in NM, TX, and LA. Traps will be operated at representative dairies, feedlots and pastures in southern areas with high numbers of confined cattle: (a) Dairies near El Paso, TX, and along the Rio Grande in Southern New Mexico; (b) dairies in the Roswell (Chaves Co.) area in New Mexico; (c) feedlots on the Texas Panhandle; (d) confined cattle operations in Eastern-Central Texas; and (e) pasture cattle operations in Southern Louisiana. Traps will be operated semi-weekly and stable fly numbers recorded. Physiological state of flies trapped during the passage of frontal systems will be compared to that of flies collected before and after to identify characteristics of dispersing flies. 

Quick-Cult® test (Laboratory Diagnostics Co., Inc., Morganville, NJ) for fecal occult blood (Dryden 1998) will be used to detect blood in stable flies. The frequency of flies positive for a previous blood meal (<48h old) will be analyzed as a function of when they were trapped in relation to the passage of a frontal system. The elemental and isotopic composition of flies is expected to vary according to the characteristics of their larval habitat. The concentrations of elements in the heads of flies trapped during a frontal event will be compared to those of flies, which developed locally. Elemental compositions will be determined by Neutron Activation Analysis (NAA) at Kansas State University.

Movement of stable flies relative to cattle in the pasture environment will be evaluated in a 100-acre pasture removed from other cattle. Three paddocks will be created within the pasture using electric fence. A stable fly larval habitat will be created in an area central to the three paddocks by feeding round hay bales for one month prior to the study. Alsynite traps will be placed around each of the paddocks. Cattle will be rotated through the paddocks daily. The number of flies captured at each paddock and their physiological stage will be recorded. A large emergence cage will be placed over a larval habitat that has been dusted with fluorescent dye and marked flies will be released on the first day of the study to estimate the size of the stable fly population in the area and to determine if the flies remain with the cattle. 

D. Determine over wintering dynamics of stable fly throughout the USA (ARS-NE, ARS-FL, TX, FL, KS, MN)
Stored feed and manure handling systems will be surveyed to locate over wintering stable fly larvae. Potential over wintering sites will be excavated in late winter to locate larvae. Emergence traps will be placed near potential over wintering sites to collect emerging flies. Sticky traps will be placed near potential over wintering sites. Physical parameters, substrate, temperature, depth, consistency, pH, & humidity/moisture content will be recorded when over wintering larvae are observed. Adults collected on sticky traps will be dissected to determine their physiological age as an indicator of whether they are migrants or locally produced.
Using the physical conditions derived from natural and artificial over wintering sites, studies will be conducted to duplicate over wintering in the laboratory. Samples of stable fly larvae will be maintained at fixed temperatures. Temperature loggers will be placed in the diet / substrate to record the actual temperatures to which the larvae are exposed in addition to the ambient temperatures of the environmental chambers. Sub samples will be removed at intervals and held at 20º C for adult emergence. Reiterations will be run with smaller temperature increments until the optimal temperatures and limits for stable fly larvae to extend their larval stage and the upper limits of how long the larval stage can be extended have been identified. Experiments will be repeated with natural substrates after initial testing with laboratory diets. Over wintering temperature profiles will be compared to those observed in artificial over wintering sites fitted with temperature sensors to evaluate the potential for over wintering even if we fail to observe natural over wintering.

Based upon the characteristics of positive over wintering sites, experimental sites will be constructed to evaluate time of ensilation, silage material, and time of oviposition on over wintering success. Temperature and humidity probes will be used to understand temporal and spatial dynamics of heat production and decomposition. Alternative over wintering habitats such as compost and barns will be examined for the presence of over wintering stable flies in January and February. Emergence traps will be used to monitor the emergence of over wintering stable flies from both natural and artificial over wintering sites.

Seasonal populations of stable flies from northern regions of the US will be evaluated using mitochondrial and microsatellite genetic markers. Approximately 100 adult stable flies will be collected biweekly from the appearance of flies in the spring until they disappear in the fall. Four sites will be included in this study initially, TX, KS, NE, and MN. Additional sites will be added to this study if genetic differentiation is observed among the initial sites. Mitochondrial variation in the COI and 16s genes will be identified by sequencing. Previously published microsatellite loci (Gilles et al. 2004) will be evaluated initially and new microsatellite loci developed if needed. F-statistics will be used to compare temporal and geographic components of genetic variation.

Subobjective 2.
Improve understanding of house fly dispersal and behavior, and develop methods for monitoring them in indoor and outdoor environments.

A. Dispersal of house flies (AR, ARS-FL, TX, IN, CA, TN)
The effect of environmental and geographical conditions on dispersal will be evaluated using a mark-release-recapture method to examine movement of marked laboratory-reared flies under varied environments and landscapes (e.g. open agricultural areas vs. restricted terrain). Initial studies will assess movement within production facilities. Later, dispersal among agricultural and residential / urban environments will be evaluated. Different color markers will be used to determine dispersal directions and preferences. Effects of vertical barriers (e.g. tree lines) at the periphery of animal operations on fly dispersal will be evaluated. If barriers are effective, the height and density of vertical structures needed to “capture” dispersing flies will be evaluated. Effectiveness of treating vertical structure with residual chemical insecticides will be assessed. Passive traps that sample air space will be used in conjunction with sticky cylinder and toxic bait traps. Traps will be placed at heights, directions, and distances around developmental sites to differentially capture flies dispersing under varying environmental conditions. Captured flies will be removed hourly to provide information on diurnal variation. The age of dispersing flies will be determined by ovarian dissections and analysis of the pterin deposition in the head capsule (Mullens, personal communication). Barrier techniques will be developed and tested to reduce fly dispersal from animal operations. Barrier techniques envisioned include tree lines and covered fences with and without insecticide treatments separating animal operations from residential homes. 

B. Monitoring House Fly Abundance (AR, ARS-FL, CA, FL, TX, NY, IN, MN)

Standardized monitoring tools will be tested within animal housing facilities (e.g. calf barns, free stall barns, poultry houses) and outside animal housing facilities, as their efficacy may vary between these two environments. Attempts will be made to characterize nuisance (or treatment) thresholds that can be used to assist animal facility managers to develop appropriate control programs. Relative house fly abundance will be measured during the early and peak periods of the house fly season.  Three house fly monitoring systems will be simultaneously utilized to evaluate their ability to detect early increases in house fly abundance while still providing manageable information during periods of peak fly abundance.  The three monitoring systems to be used are 1) spot card counts, 2) fly tapes, and 3) fly bait traps.

At each animal facility, 10 spot cards and 5 fly tapes will be placed at fly resting sites (identified by the presence of previous spotting) in covered barns or similar animal resting and feeding areas, and 5 fly bait traps will be placed just outside structures housing animals.  Monitoring devices (cards, tapes, and bait traps) will be collected and replaced weekly.  A weekly count of flies (identified to species) and spots (on spot cards) will be recorded for each monitoring device. Collection data will be evaluated for variance between devices, variance between collection weeks, and correlation between the three monitoring systems over varying house fly relative abundance levels (low, medium, and high) determined retrospectively. Environmental conditions such as rainfall, dust, and wind might be expected to affect trapping efficiency and will be evaluated.  Time to deploy monitoring devices and count insects or spots will also be recorded for each monitoring system to evaluate the cost in man-hours for each of these systems. 
Objective 2.
Establish extent of fly-borne dispersal of human and animal pathogens (NC, AR, KS, MN, TN, TX, ARS-FL, ARS-NE, CA)

Subobjective 1.
Identification of bacteria from fecal and environmental samples.
Microbial isolation and detection methods will follow those used by Szalanski et al. 2004. Cattle fecal swabs will be sampled every two weeks from each farm. Samples will be processed using thioglycollate enrichment broth supplemented with antibiotics under CO2 gas pack conditions to maximize Campylobacter growth. Cultures will be plated on Brucella blood agar and incubated at 42°C. Campylobacter presumptive cultures will be tentatively identified and stored at –70°C for subsequent PCR testing. The methods of Szalanski et al. (2004) will be used for the molecular detection of E. coli 0157:H7 and Campylobacter sp. from filth flies. DNA will be extracted from individual filth flies and re-suspended in Tris-EDTA and frozen. PCR primers MD16S1 and MD16S2 (Denis et al. 2001) will be used to detect Campylobacter sp. and primers RfbF, RfbR (Hu et al. 1999)), FLICh7F, and FLICh7R (Gannon et al. 1997) will be used to detect E. coli 0157:H7. PCR products will be run on 1% agarose gels and diagnostic PCR amplicons will be visualized using a UVP biodoc-it-system. 

Subobjective 2.
Conduct laboratory studies to isolate and incriminate flies in the dispersal of disease agents
Adult flies will be collected from five beef farms and five dairy farms (10 total) monthly using methods developed by Geden (2005) and (Likirdopulos et al. 2005). This method relies upon nithiazine-impregnated strips (QuickstrikeTM). Flies that feed on the active ingredient die quickly and fall to a collection trap placed below. Collection devices will be placed near barns on study farms and on properties adjacent to farms (distances will be calculated from GPS coordinates for trap location) for approximately four hours. Collected dead house flies will be held on ice and taken to the laboratory where the flies will be pooled by sample site and species and frozen at –70°C until processed. 

Individual flies will be tested using the methods developed by Owens and Szalanski (2005). PureGene cell lysis kit (Gentra, Minneapolis, MN) will be used to extract both fly and pathogen DNA. Extracted DNA will be resuspended in 50 µl of 10 mM Tris-HCl and stored at –20°C in Eppendorf tubes. Approximately half of the frozen DNA samples will be transferred to filter papers and stored until DNA processing as described by Owens and Szalanski 2005. Remaining sample material will be returned to frozen storage and the filter paper samples will be stored at 21°C and 40% RH until processed using PCR methods described above (Szalanski et al. 2004).

Viability and reproduction of pathogens in flies will be examined by culturing fly isolates of specific bacteria and feeding identified subcultures to laboratory-reared flies at known doses. Flies will be harvested at 1, 3, 6, 12, 24, and 48 hr post exposure.  Fly homogenates will be subcultured to determine persistence of live bacteria in the fly and quantitative PCR to determine if the bacteria is replicating in the fly. E. Coli will be cultured using McConkey’s selective medium and Lauria B agar for growth.  E. Coli may be stored frozen in LB plus glycerol for persistence tests in flies. Campylobacter, serial dilutions will be plated directly onto selective media (Campy-Cefex; Stern et al., 1992) and the plates will be incubated in a microaerobic atmosphere at 42(C utilizing the Campy-Pac system.  Plates will be examined following 24 hours incubation.  Campylobacter colony forming units (CFUs) in the original fly sample will be enumerated, and 2 putative Campylobacter colonies will be subcultured at 42(C microaerobically.  Following 36 hours of growth, the subcultures will be catalogued, and the cell mass will be swabbed off the plates and preserved in freezing medium (Brucella broth with 15% sterile glycerol) at –70(C. Salmonella will be cultured using methods shown previously to be effective for bacterial isolation from animal and environmental sources (Bager et al., 1991).  One gram of feces (or bacteria from pooled carcass rinses) will be pre-enriched in 10 ml buffer peptone water and incubated over night at 37ºC.  Then, 100 µl of this will then be enriched overnight in Rappaport Vassilliadas medium at a 1:100 ratio. Samples will then be plated on xylose lysine try tone (XLT4) agar and suspected colonies will be identified as Salmonellae by fluorescence using MUCAP (Ref).  Identification will be confirmed using triple sugar iron (TSI) and Urea media. Isolates found to be positive will be sent for PCR analysis (Szalanski et al. 2004).

Subobjective 3. Develop quantitative models of fly and pathogen spread.
Risk of transmission is likely to depend on (1) absolute densities (per unit surface area) of microbes and flies at the source point, (2) the frequency distribution of acquired, infectious microbes per fly (as external and internal contaminants), (3) the rate of loss per unit time of infectious microbes in the contaminated flies, and (4) the rate of spread of contaminated flies from source to recipient points. Laboratory experiments will be conducted to describe the relation between microbe density and contaminating loads per fly (relating [1] to [2]), retention of given microbes through time at different temperatures [3], and spatial spread of house flies from point sources in a variety of landscapes. Research to check current assumptions and develop the model will require collaborative efforts at the bench, the field, and the computer.

Objective 3.
Improve management tactics for stable flies and house flies 

Subobjective 1.
Develop stable fly control tactics 

A. Control of immatures (NY, NE, TX, ARS-FL, ARS-NE, KS)

Chemicals which modify the pH of larval habitat such as lime, sulfur and citric acid and biological agents such as entomopathogenic nematodes and pathogens will be bioassayed in laboratory experiments to determine their effects on stable fly larvae. Compounds, which effectively reduce larval survival in the laboratory, will be tested in 1-meter2 plots in natural habitats. Plots will be delineated by frames driven into the media. Emergence traps will be used to evaluate control levels.

Upon completion and verification of climatically driven population models for stable flies, the effects of area wide habitat modification on populations will be evaluated. Treatments will include removal and composting of hay feeding wastes, soil incorporation of wastes and other technologies such as chemical and biological treatments as they become available. Because annual and geographic variations in stable fly populations make comparisons between area wide scale control and treatment areas difficult, evaluating deviations from population model will assess treatments derived expectations.

B. Control and economic impact of adults (NE, LA, FL, NY, ARS-FL, KS)

Treated targets (TTs) will be evaluated on 2-4 small farms with 150 or fewer animals in each cooperating state. One-meter square targets will be soaked until saturated in 0.1% lambda-cyhalothrin (Demand CS 9.7%, Wilmington, DE) or water as a control and allowed to dry. TTs will be deployed for 2-3 months once the action threshold of 100-300 stable flies / Alsynite trap / day is reached. Control and treatment farms will be determined randomly. Targets will be deployed at least 50 m apart and at the rate of one target per 25 animals. Alsynite traps and leg counts will be used to evaluate the effects of TTs on stable fly populations. Upon completion of the study, targets will be bioassayed to determine residual toxicity with a standard stable fly strain. Samples will be collected to verify that permethrin resistance is not present in the experimental populations.

The impact of stable flies on weight gain of yearling heifers will be measured in LA Ninety replacement heifers will be weighed and then blocked by weight and assigned to six groups of 15 each. Three groups will be treated with 1 ml of 10% permethrin per leg once per week and the other three groups will be treated with water. Weights will be recorded weekly and at the end of the 45-60 day study. The six groups will be held on 5-acre pastures with supplemental hay and rotated among the pastures weekly to remove pasture effect. The number of stable flies on the front leg of each animal will be recorded three times per week.

Subobjective 2: Develop house fly control and resistance management tactics 

A. Biological control with pteromalid parasitoids (NY, AR, ARS-FL, FL, NC)
Natural parasite populations will be monitored with screen bags of sentinel house fly pupae. Bags are placed at each farm and replaced weekly. After exposure, emerged flies will be counted and recorded. Remaining pupae will be placed individually in wells of 96 well ELISA plates and wrapped in plastic foil. After 3 weeks, emerged flies will be counted and parasites identified. Intact pupae will be dissected to determine if wasps caused fly death. Naturally occurring house fly pupae will be collected as in Petersen and Watson 1992 and transported to the laboratory each week. Pupae will be handled as above.

Studies are being planned in New York to determine if a combined release of closely related, but biologically varied parasitoid species will complement or synergize each other, which will then enable us to develop recommendations for dairy producers as to which species of parasitoid or combination of parasitoids to purchase for cost effective fly biological control.  Releases of a 50:50 ratio of Muscidifurax raptor and Muscidifurax raptorellus will be compared to M. raptorellus-only releases.  Fly population levels and parasitoid activity (successful and total parasitism) will be observed in dairy facilities before, during and after the parasitoid releases

B. Chemical control (NY, AR, IN, NC, ARS-FL)
Several novel insecticides will be used separately and in combination in broiler-breeder, turkey and dairy farms during the fly season to determine their efficacy in adult fly management. These novel insecticides will include Nithiazine on QuickStrike fly abatement strips, imidacloprid as an adult fly bait and Extinosad PSP applied as a residual spray to walls and curtains and to treated strings in turkey and broiler-breeder facilities as well as spot treatment to manure for larval fly management. If different or new novel insecticides become available we will include these in our studies.

Flies will be collected and tested for resistance both at the beginning and at the end of the fly season to determine if resistance is developing to these insecticides.  If resistance appears, rotation with other insecticides will be implemented in an attempt to minimize the development of resistance. As different or new novel insecticides become available, we will include these in our studies.

Technical grade insecticides will be tested using a residual contact assay. Ten to 25 (2- to 5-day-old) adult female houseflies (3-5 d old) will be placed inside a 230-ml glass jar (internal surface area 180 cm2) that has been treated with 1 ml of technical grade insecticide dissolved in acetone. Flies will be given two 2-cm pieces of cotton dental wick that had been soaked in 20% sugar water. For all insecticides at all concentrations, a minimum of 300 houseflies will be tested. Bioassays will be done at 25 C with a 12:12 h L: D photoperiod. Mortality will be assessed after 48 h and flies will be considered dead if they are ataxic (Scott et al. 1989, Scott et al. 2000).

C. Conduct nationwide survey for insecticide resistance (NY, TX, AR, NE, MN, GA, FL, KS, IN, CA, NC, MT) 

Starting in the summer of 2007 we will begin a nationwide survey of insecticide resistance in house flies, using both bioassays and genotyping of the alleles involved in insecticide resistance. We anticipate evaluating one class of insecticides each year starting with pyrethroids (permethrin and cyfluthrin). The general plan is for cooperators across the USA to collect houseflies (by sweep net), and obtain detailed histories of insecticide use, from one to five facilities (diary, poultry or hog) across their state. Files would be brought back to the laboratory and eggs would be collected. Emerging flies would be used for bioassays by the lab making the collections. To standardize and facilitate the bioassays, each lab will be provided (by J. Scott) with the insecticide, and with a detailed protocol for how to carry out the tests. Each lab making collections will be required to buy a limited number of glass jars (as specified in the protocol), acetone and pipettes. Pupae (~500) from field-collected flies would be sent to Cornell Univ. for genotyping. J. Scott and D. Rutz will seek additional funds to cover the sequencing costs (estimated at $800 per site). Availability of these funds will determine the number of collections for which we are able to genotype (50-100) individuals. J. Scott will coordinate the collections, bioassays, and data analysis and be responsible for conducting the genotyping. Publications will be written with all contributors being given authorship.

