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PROJECT INFORMATION

Project Title:  The interaction between restoration, foraging ecology, and mating behavior in Greater 
Sage-Grouse

State Fiscal Year(s) Wildlife Heritage Account Funds are Needed: 2021

Project Location:  Winnemucca District, Nevada (Santa Rosa Mountains)
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Purpose of the Project:
	
The increasing frequency and severity of wildfires in the sagebrush ecosystem is a primary threat to sagebrush species, such as Greater Sage-Grouse (Centrocercus urophasianus; sage-grouse). Restoration efforts have focused on regrowth of native plant communities, but we still know too little about the effectiveness of these efforts in protecting species of concern. Studies have addressed sage-grouse population trends and large-scale habitat selection in response to restoration. However, no studies to date have linked wildfire impacts and restoration treatments to foraging behavior (time spent foraging, diet choice in restored areas, and diet quality) and breeding behaviors (display behavior, lek visitations, and mating rate), though these microhabitat-scale processes are critical drivers of population health and habitat use. We propose to coordinate with ongoing restoration efforts by NDOW and the BLM, and ongoing large-scale monitoring and habitat-selection mapping by the USGS, to investigate how fire and restoration practices alter sage-grouse microhabitat selection processes. We will conduct this work in the Santa Rosa Mountains (Humboldt County, NV), which burned in the 2018 Martin fire, and is in the early stages of restoration. This project has 3 objectives. Objective 1 is to use non-invasive biomarkers from fecal samples to assay health and diet quality (systemic stress and nutritional stress) of sage-grouse across a mosaic of unburned and recently burned areas, with different types of ongoing restoration (post-fire seeding, herbicide treatment, drill-seeding). Objective 2 is to follow telemetry-tagged hens to foraging sites to examine how nutritional quality of sagebrush differs with different burn/restoration status, and to examine sage-grouse diet preference at the large-scale (patch choice) and microhabitat scale (plant choice). Objective 3 is to assess movement of telemetry-tagged hens among leks and foraging sites relative to burn/restoration status, and whether the habitat quality of lek sites affects male and female lek behaviors and the browsing on sagebrush or forbs/grasses on the lek area. This project will allow us to leverage and expand upon ongoing efforts for restoration and monitoring, helping to understand the mechanisms that drive large-scale patterns of habitat selection, informing future restoration efforts in the Santa Rosa Mountains and across the range of the species.

Detailed Description of Project (include any development plans such as vegetation removal, planting, seeding, or installation of structures; also include the schedule for obtaining any necessary permits, completing NEPA compliance, etc.):  

Throughout the western United States, warmer temperatures have intensified droughts and wildfires (Crockett and Westerling 2018); this is especially acute in the sagebrush ecosystem, where there has been a 12% reduction in sagebrush range for every 1ºC increase in temperature (Miller et al. 2011). Fires have increased in size, frequency, and severity since the mid-1980’s (Clifford et al. 2018), burning two million hectares per year in the Great Basin since 2014 (Knutson et al. 2014); the effects of fire result in increased fuel load for subsequent fires through the rapid spread of invasive annual grasses, such as cheat grass. Combined with other ecological stressors, fires have increased fragmentation, reduced biodiversity, and caused changes in ecosystem structure and function (Knutson et al. 2014). 	 
To protect sagebrush obligates of critical conservation concern, such as greater sage-grouse, there has been an increase in active restoration of sagebrush habitat, such as herbicide treatments, post-fire seeding, and drill seeding. These efforts are especially important considering wildfire is a primary threat to sage-grouse populations in much of their range (U.S. Fish and Wildlife Service 2015, Foster et al. 2019). Researchers and resource managers are working together to monitor the effects of landscape change on sage-grouse, but the effects of fire and restoration efforts at the microhabitat scale remain poorly understood. Current research efforts at the microhabitat scale, for example, have focused on nest survival and adult female survival as it relates to post-fire habitat condition and cover, how fire regimes are disrupting sagebrush recovery, and modeling of how to restore current landscape characteristics to increase sage-grouse survival (Foster 2019, Coates et al. 2016, Coates et al. 2017). However, few studies have focused on post-fire diet quality and its relationship to on-lek behavior, even though foraging patterns and courtship dynamics can help us understand the effects of landscape changes on reproductive success. We propose to coordinate with ongoing restoration efforts by NDOW and the BLM, and ongoing large-scale monitoring and habitat-selection mapping by the USGS, to investigate how fire and restoration practices alter foraging and breeding behaviors of sage-grouse across a mosaic of unburned and recently burned areas undergoing different types of restoration. 
Many studies of habitat relationships in sage-grouse consider broad spatial scales, for example average density or height of sage-brush cover, the distance to perches for raptors, or the presence and density of anthropogenic features on the landscape (Doherty et al. 2008, Boyd et al. 2014, Dinkins et al. 2014, Dzialak et al. 2015a, Holloran et al. 2015). For many real-time ecological processes, sage-grouse have been shown to interact with their environment at much finer spatial scales, for example, making decisions to browse one plant over another or choosing specific sites that provide the best cover from predators (e.g., Frye et al. 2013, Dinkins et al. 2016). These habitat-selection studies at the microhabitat scale can be important for understanding the mechanistic processes that lead to habitat-selection patterns at larger scales (Johnson1980, Stiver et al. 2010). Moreover, it has become clear that sage-grouse are not always consistent in their preferences across all regions and levels of disturbance (Connelly et al. 2000, Aldridge and Boyce 2007, Carpenter et al. 2010, Holloran et al. 2015, Westover et al. 2016). Therefore, preference for nesting or lekking habitats may be different, for example, in areas having undergone differing disturbance and different restoration efforts. Given this variability and the challenges of observing these local processes in a highly mobile, cryptic, and wary species, there are still gaps in our knowledge despite decades of excellent research of sage-grouse ecology.
	Microhabitat scale effects can take on different forms. A micro-scale effect can be observed at the lek scale (e.g., which leks sage-grouse visit for mating and nesting), at the habitat patch scale (e.g., how sage-grouse interact with remaining sagebrush patches after fires), or even at the individual plant scale (e.g., which specific plants sage-grouse are eating based on sagebrush toxicity and nutrient quality). Previous research has shown that micro-scale effects can alter survival, mating, and breeding mechanisms critical for sage-grouse survival. Recent work in Idaho by our collaborator, Dr. Jennifer Forbey, used radio-telemetry to locate groups of foraging sage-grouse, then looked for distinctive bite marks on sagebrush leaves to determine which plants were consumed (Frye et al. 2013, Fremgen 2015). These studies provide strong evidence that the dietary quality of sagebrush is more important than cover in explaining foraging-site selection by sage-grouse and pygmy rabbits, with animals choosing patches with more palatable species of sagebrush, and within a patch, preferentially browsing on plants with higher crude protein and lower toxin content (Ulappa 2011, Frye et al. 2013, Fremgen 2015, Nobler 2016). These findings have important implications for management—for example, they showed that “dwarf” species of sagebrush (including black sagebrush, and low sagebrush) are preferred to Wyoming big sagebrush, which was the opposite of some management and restoration recommendations at that time (Frye et al. 2013). Poor diet quality can compromise body mass and reproductive fitness of both mammalian and avian herbivores (Brittas 1988, Guglielmo et al. 1996; Sorensen et al. 2005, DeGabriel et al. 2009), so in addition to driving larger patterns of habitat selection, these foraging choices of individual animals can affect regional population trends.	
These studies by the Forbey Lab and others have shown how microhabitat preferences and diet choice can link small-scare movements to patterns of occupancy and abundance at the population scale (Blickley et al 2012a; Forbey et al. 2017). However, we know little about how and whether microhabitat selection and diet choice changes after wildfires. One reason to expect these processes to change is that dietary quality of plants may change with wildfire, or with different restoration methods. Burning and post-fire restoration may cause changes in toxicity and nutritional quality of newly emerging sagebrush seedlings and of mature sagebrush surviving in islands and along the fire periphery. We do not yet know whether these changes will be positive or negative. The reduction in competition from other plants and the release of nutrients and compounds through burning (Rau et al. 2008) may cause faster growth and lower toxicity. Alternatively, higher toxicity may be expected if increased browsing pressure by herbivores on remaining sagebrush plants induces defensive chemicals (Karban et al 2003). Toxicity may also increase if high-temperature burns slow regrowth by destroying hydrophobic materials and organic matter in soils, especially when soil is overtaken by clay cementation (Glenn & Finley 2010). Resulting changes in toxicity could shift diet preferences and habitat use, especially when travel time is increased to unburned or high-quality patches. Understanding these dynamics will help us to predict how sage-grouse will use remaining habitat after burns and will help design restoration efforts to improve diet quality and access. It is particularly important to understand how diet quality changes, how surviving birds use unburned islands and peripheral habitats in the 3-5 years following a fire, and whether early restoration can help populations persist through this critical time.
	Changes in diet quality across the post-fire landscape may also drive patterns of lek attendance in and around burned areas. Lek attendance patterns have long been used to monitor population trends, so understanding how birds move among leks can help to interpret attendance numbers after a disturbance (Walsh et al, 2004). Studies to date have shown that leks often persist years after a major fire, likely driven by philopatry of adults (Harju et al. 2010; Foster 2019), but these leks decline without recruitment of younger birds. We still have a great deal to learn about how microhabitat selection by sage-grouse relates to persistence of leks. For example, we know little about how the habitat characteristics of burned lek sites (restoration type, degree of sagebrush and forb/grass regrowth, and proximity to unburned islands of sagebrush or fire perimeter) relate to lek attendance and display behaviors by males and lek visitation and nesting location of females. The strut display of males on leks is energetically costly (Vehrencamp et al. 1989), and males often forage on or near the lek when they aren’t courting females or fighting rivals. Females also typically forage for much of the time spent on leks (Hartzler 1974, Perry 2019). Thus, leks with closer access to food, or regrowth of forage plants, may be better able to sustain lek activity and may show improved recruitment of younger birds. Females often visit multiple leks when searching for a mate, and typically nest within 5 km of the lek on which they breed, though some nest up to 20 km from the lek (Sika 2006). Examining the relationships between lek visitation patterns, mate choice, on- and off-lek foraging patterns, and patterns of nest-site selection and success will help to understand how different patches of the landscape are linked and may suggest options for targeted restoration to sustain lek activity. 
	Here we propose to investigate the mechanisms that drive habitat selection by sage-grouse at multiple scales in an area undergoing restoration after wildfire. We will do so by collaborating with the USGS on ongoing large-scale monitoring and habitat-selection studies. Dr. Peter Coates and colleagues at the USGS have conducted a large-scale, multi-year study addressing habitat selection and population trends for sage-grouse populations with different types of disturbance, including wildfire, across the range of the species. This study has used VHF and satellite GPS PTT tracking of hens (and an occasional male), to monitor habitat use on a large scale, and to assess nest location, microhabitat characteristics, and fledging success at a small scale (Dudko, Coates, & Delehanty 2019). We will expand upon this extensive USGS effort, which provides access to a population with tagged hens, to address microhabitat selection throughout the breeding season. We will combine measures of plants chemistry and foraging behavior with detailed observation of behaviors on leks, helping to elucidate the mechanisms that underlie microhabitat selection and the consequences of those decisions on reproduction in unburned and burned areas recently restored. 
This work will be conducted in the Santa Rosa Mountains in the Winnemucca district (Humbolt County, Nevada), which burned in the devastating 440,000-acre Martin Fire in 2018. This region is critical sage-grouse habitat and the Martin Fire burned 23 active lek sites; therefore, effective restoration of this habitat is critical for maintaining short- and long-term population health in this area and the surrounding region. In the study site we propose to use (See Map 1), there is a mosaic unburned and burned habitat types (hereafter burn/restoration status), including unburned areas, which can be in intact areas or islands surrounded by burn, and burned areas, which may be undergoing different types of restoration—post-fire seeding, herbicide treatment, drill-seeding, or no active restoration. This diversity of habitat types allows us to examine how diet quality and habitat characteristics vary in this complex post-fire landscape, how they are affected by restoration methods. 
 This project will apply established methods for behavioral monitoring on leks (e.g., Forbey et al. 2017, Patricelli and Krakauer 2010, Blickley et al. 2012a, Koch et al. 2015, Krakauer et al. 2016) to the study of wildfire-impacted landscapes. The work will continue our collaboration with Dr. Jennifer Forbey (Boise State University), where we have combined Patricelli Lab methods for collecting behavioral and fitness measures on leks, with Forbey lab methods for measuring diet choice, plant chemistry, and biomarkers of diet and health at multiple field sites in Idaho, Wyoming, and California. The project will also continue our collaboration with Dr. Peter Coates from the USGS, with whom the Patricelli and Forbey Labs collaborated in 2017-2019 to study foraging behaviors, diet quality, and lek behaviors of sage-grouse in a California Bi-State population.
Our proposed Santa Rosa Mountain study has three major objectives. Objective 1 is to use biomarkers from fecal samples to non-invasively measure sage-grouse health and habitat quality across the mosaic of sites with different burn/restoration status. Objective 2 is to follow telemetry-tagged hens to foraging sites to examine how nutritional quality of sagebrush differs with burn/restoration status, and to examine sage-grouse diet preference at the large scale (patch choice) and microhabitat scale (plant choice). Objective 3 is to assess movement of telemetry-tagged hens among leks relative to burn/restoration status, and whether the habitat quality of lek sites affects male and female lek behaviors and browsing on sagebrush, forbs and grasses on the lek area.

Objective 1: Using non-invasive biomarkers to assess sage-grouse health and diet quality
We propose to use two non-invasive biomarkers to assay the health of sage-grouse and the dietary quality of sage-grouse habitat. From fecal samples, we will measure metabolites of a stress-related hormone (corticosterone) and metabolites reflecting toxin load from diet (glucuronic acid, GA). These biomarkers are explained in detail below; together they provide information about the systemic stress and nutritional stress of sage-grouse foraging, breeding and nesting in areas across the Santa Rosa study site. We will compare biomarkers of systemic and nutritional stress from sage-grouse fecal samples collected across the mosaic of sites with different burn/restoration status; this will allow us to assess the impacts of fire and restoration on sage-grouse physiology and diet. 
Corticosterone: Stress responses play a critical role in the ecology and fitness of animals (Barber et al. 2010). Glucocorticoid hormones, including corticosterone, play a role in the stress response of vertebrates; elevated reactive corticosterone levels in the blood are associated with increased stress, and metabolites of corticosterone can be found in fecal samples. The analysis of fecal corticosterone metabolites (FCMs) has proved to be an informative, noninvasive biomarker for monitoring stress in wild animals (Wasser et al. 2000, Millspaugh and Washburn 2004, Thiel et al. 2011). FCMs have been shown to reflect blood levels of corticosterone in greater sage-grouse (Jankowski et al. 2009). In our previous work in Wyoming we found that FCMs were elevated on leks exposed to experimental playback of noise from natural gas development compared to control leks (Blickley et al. 2012c). However, we do not yet know how stress response in sage-grouse relates to habitat use, diet quality and nesting success. Nor do we know how these factors and stress response differ between burned and unburned areas, and between sites with different restoration treatments. 
Glucuronic acid (GA):  GA is a major pathway for metabolism of toxins in vertebrates that is related to the amount of toxin consumed, absorbed, and metabolized. The Forbey lab and others have shown that GA is spatially and temporally variable and is dynamically linked to nutritional condition of free ranging ungulates (Parikh et al. 2016). The likely explanation for that linkage is that the production of GA is energetically expensive (Guglielmo et al. 1996, Sorensen et al. 2005). GA can therefore be used as a biomarker in herbivores, which is predictive of diet quality and nutritional stress (Guglielmo et al. 1996, Servello and Schneider 2000, Sorensen et al. 2005, Parikh et al. 2016). The Forbey lab recently developed methods to measure GA from fecal pellets in sage-grouse (Parikh et al. 2016). We have collected pellets for GA analysis from sites in WY, CA and ID, but we have not yet examined the impacts of wildfire on GA levels. One of the likely impacts of fire on sage-grouse is the loss of sagebrush for food, and as previously discussed, the dietary quality of available sagebrush may change as a result of fire. GA may therefore provide important insights into the nutritional impacts of fire on sage-grouse.
Methods and analysis: We will collect fecal samples from captured hens (when they choose to donate upon capture), from feeding and roosting sites located with VHF or satellite telemetry (Objective 2), and from males and females attending leks (Objective 3). On-lek samples will be collected on mornings with behavioral observations (every third day; see below) after all birds leave the lek (e.g. Blickley et al. 2012c). Samples will be frozen until they can be analyzed in the Forbey Lab using established methods; each pellet can be analyzed for both FCMs and GA. We will examine the relationship between patch-level averages of fecal biomarkers and dietary quality of sampled plants (Objective 2), and compare patch-level averages of biomarkers among sites with different burn/restoration status categories. From fecal samples collected from known individuals (during capture for tagging), we will also link these biomarkers to movement (among foraging, roosting, and lek sites), quality of foraging sites, and nesting success. 

Objective 2: Linking large-scale and microhabitat use, diet quality and diet preference 
Understanding microhabitat preferences and diet choice can help to link small-scare movements to patterns of occupancy and abundance at the population scale (Blickley et al 2012a; Forbey et al. 2017). However, we know little about how microhabitat selection and diet choice changes after wildfires. During the breeding season (March to late May), we propose to track telemetry-tagged hens to foraging sites in the afternoon, where we will collect plant samples and measures to determine local diet quality, diet preference, and habitat preference. 
Field methods: We will track 40 VHF-tagged hens and four PTT-tagged birds (2 males, 2 females), who will be trapped and tagged by USGS during the 2020 and 2021 field seasons (subsequent USGS work at this site is contingent on funding; we plan to continue tagging and tracking birds in 2022 regardless). The USGS will collect tracking data through brood rearing and potentially into the winter months. Foraging sites will be identified in ARGOS data from PTT-tagged birds as clustered locations in the afternoon. Foraging locations of VHF tagged birds will be located by triangulation using handheld receivers, or by flushing hens from foraging sites (we will target each hen only 2-3 times to minimize disturbance). For both PTT and VHF tagged birds, foraging at these sites will be confirmed by looking for fresh fecal samples and bite marks from browsing on sagebrush (Frye et al. 2013; Forbey et al. 2017). At each site, we will collect samples of sagebrush that were browsed and unbrowsed by sage-grouse for nutritional analysis of crude protein and toxins (monoterpenes, phenolics and coumarins; Frye et al. 2013). We will also measure the morphometrics of browsed and unbrowsed sagebrush and note the species/subspecies. Further, we will collect standard site-level data on cover, height and abundance of sagebrush, forbs and grasses. For each foraging site, similar data will be collected at a random site (excluding burned areas with no vegetation). At all sites, we will collect any fresh fecal samples for biomarker analysis (Objective 1). 
Data analysis: Data collected at foraging sites can tell us a great deal about how fire and restoration methods affect habitat quality at the chemical level, and how sage-grouse choose which patches to visit for foraging, and within each patch, which plants to eat. To address these questions, we will compare nutritional quality (protein and toxins) and habitat structure among samples collected at foraging sites with different burn/restoration status—in unburned areas (on the fire periphery and in intact areas), islands of remaining sagebrush in burned areas, or burned areas undergoing restoration. In addition, by comparing the nutritional chemistry of browsed and unbrowsed plants at each site, we can assess which factors are driving plant-level diet choice in these different habitat types. By comparing average nutritional chemistry and habitat structure of foraging sites versus random sites, we can assess which factors are driving patch-level diet and habitat choice. We can also use measures of the difference between unbrowsed and browsed plants as a measure of diet selectivity within each site, to address whether selectivity changes with food availability (i.e. comparing selectivity in intact habitat patches, in islands of unburned sagebrush, or in restored areas with only seedlings).

Objective 3: Linking habitat structure, restoration methods and breeding behaviors on leks 
We propose to collect data on reproductive effort and success for telemetry-tagged females by tracking female lek visitation patterns among nine focal leks each morning throughout the lekking season. We will choose focal leks with different burn/restoration status, targeting 3-4 leks inside the fire perimeter and the rest outside the perimeter (target leks will be chosen after visitations during the lekking season in 2020 to assess the presence of sage-grouse, accessibility, and visibility for observation).
Field methods: We will place receiver-dataloggers (ATS R4500SD) on six focal leks to detect when each tagged female enters and exists each lek throughout the day. We will also conduct behavioral observations on an additional three leks each morning, during which we will scan for the presence of tagged hens periodically using handheld receivers. We will rotate dataloggers and behavioral observers among the nine leks throughout the lekking season. From behavioral-observation blinds near the edge of each lek, we will use spotting scopes and video cameras to observe female and male behaviors (see Patricelli and Krakauer 2010, Krakauer et al. 2016). For tagged hens, we will follow on-lek movement and mating behavior, noting the male with whom each tagged female copulates, and any foraging behaviors while on the lek. For territorial males (individually-identifiable by plumage; Patricelli and Krakauer 2010), we will track attendance (arrival and departure times each day), display behaviors, and mating success.
Data analysis:  These data collected at leks can tell us a great deal about how fire and restoration methods affect lek attendance, behaviors, and visitation patterns of both sexes, helping to elucidate the factors influencing lek persistence. We will examine lek visitation patterns of females—whether and how they move between leks—and how this relates to foraging, roosting and nesting locations; we will also examine how these movement patterns relate to burn/restoration status of the habitat they utilize and the habitat they move through. We will see how birds are using different parts of the Santa Rosa Mountains site, which can be compared to USGS tracking data before the fire. Further, we will examine how female mate-searching effort (number and distance between lek visitations, time spent on leks) and mate choice (copulation date and attractiveness/success of chosen mate) relate to each other, to habitat burn/restoration status, and to female dietary intake through foraging (Objective 2). For males and females, we quantify observable foraging on or near the lek, and how this relates to local food availability in different burn/restoration areas. Finally, we will examine how male attendance patterns (days on lek, arrival/departure time) differ for individuals on leks with different burn/restoration status. We will also examine male display effort and mating success among leks with different local habitat quality and female visitation.

Qualifications of the team:
	Gail Patricelli is a Professor in the Department of Evolution and Ecology at UC Davis and Chair of the Animal Behavior Graduate Group. Dr. Patricelli will oversee and assist in all aspects of the project. Fieldwork for this project will be led by Maria Ospina, who is currently a Ph.D. student in Ecology at UC Davis and a trained USGS volunteer. Ms. Ospina will take the lead in analysis and writing of the results from this project for her Ph.D. dissertation in Ecology, and for publication in peer review journals. 
The Patricelli Lab has been working on greater sage-grouse behavior and conservation for 15 years. The Santa Rosa Mountains are a new field site for us, but we have successfully used the methods proposed here at sites in Wyoming (near Lander, Fremont County) and California (Bi-State population, near Lee Vining, Mono County). We have published extensively on the breeding behaviors of sage-grouse, using the methods for observation proposed here (Patricelli and Krakauer, 2010; Koch et al. 2015; Krakauer et al. 2016; Perry et al. 2019). We have a strong record of working with resource managers to find solutions to conservation concerns—we conducted experimental studies demonstrating the impacts of noise from energy development on the abundance and behavior of sage-grouse on leks (Blickley et al. 2012a, 2012b, and 2012c); we translated these results into recommendations for improving conservation planning for this species (Blickley & Patricelli 2010; Patricelli et al. 2013) and consulted with resource managers to help implement these recommendations into management practice. Using methods developed by our collaborator, Dr. Jennifer Forbey from Boise State U., we have used VHF and GPS satellite telemetry to track birds to foraging locations at both our Wyoming (2014-2017) and California Bi-State (2017-2019) field sites and at the Forbey Lab sites in Idaho (2013-2019), where we have collected and analyzed sagebrush samples using the protocols proposed here (Frye et al. 2013; Forbey et al. 2017). This work in the Bi-State population was done in collaboration with Dr. Peter Coates of the USGS. Just as we propose to do in the Santa Rosa Mountains, we coordinated with the USGS local crews to help capture and tag sage-grouse, then we followed these birds to foraging and lek sites to measure diet choice and behavior. We were thus able to add a new angle and new depth to this ongoing USGS study. One of the Forbey Lab’s Idaho study sites in the Owyhee Mountains was burned in the 2015 Soda Fire, allowing us to begin studying the impacts of fire on sage-grouse foraging and on-lek behaviors. However, that study focused on one lek and four tagged male sage-grouse, so while it provides proof-of-concept and will be an important comparison, the study proposed here is at a much larger scale with a sufficient sample size to draw more robust conclusions about fire impacts on sage-grouse.
Because of this experience, we are confident in our ability to apply these methods to a new study site in the Santa Rosa Mountains. By collaborating with the USGS, who has worked at this site successfully for at least 3 years (2016-2018), we will have the local support and advice to plan the details of the project. Dr. Patricelli and Ms. Ospina will spend spring 2020 in the Santa Rosas, where we will work with the USGS crew to trap, tag, and track sage-grouse and learn the site. We will also collect preliminary data, such as lek attendance and behaviors; the use of burned and unburned areas for foraging and roosting; and collection of scat and sagebrush samples. In coordination with the USGS, NDOW and BLM, we will use this exploratory season to make detailed plans for the spring 2021 field season.
	Our work is covered under existing USGS research permits and USGS Western Ecological Research Center Animal Care and Use Protocol #WERC-2015-02. Our UC Davis Animal Care and Use permit (IACUC# 19862) for this work is valid through April 13, 2020, when it will be renewed. 


How Would this Project Help with “the protection, propagation, restoration, transplantation, introduction and management of any game fish, game mammal, game bird or fur-bearing mammal in this State; or the management and control of predatory wildlife in this State”? (See NRS 501.3575) 

This study will support goals of improving the scientific foundations for sage-grouse management on public lands, both locally and across the range of the species. This project will contribute to understanding critical population drivers at the microhabitat scale during the first few years following fire, a time period when sage-grouse survival and persistence of leks is known to decrease. Our results will inform restoration efforts in multiple ways. First, this project will use non-invasive biomarkers of systemic stress and nutritional stress in sage-grouse to improve our understanding of the links between habitat quality and the health of birds, and important tool that may be applied to other areas recovering from fire. Second, by improving our understanding of habitat use, diet quality and on-lek behavior, results of this study will inform range-wide management efforts as well as local management of the recovering Santa Rosa population. Third, our data will be shared with BLM, NDOW and USGS to support ongoing efforts to inventory sagebrush habitat in the region. USGS is currently creating detailed maps using high-resolution aerial imaging; our data can be used to link these aerial images to more detailed on-the-ground data from vegetation measurements. Thus our study supports one of the key conservation goals identified by the Heritage Fund: to maintain, restore, enhance, and propagate sage-grouse habitats in order to maintain and increase sage-grouse populations, using biological data and information to identify needs for each of the habitat types. We will share the outcomes of our proposed work with conservation management agencies and the public through publication in peer-reviewed journals, as well as through presentations at conferences, to stake-holders, and to the community. 


Legal Description of the Property on Which the Proposed Project is to be Located (must include the property address, access roads, township, range and section):

The Santa Rosa field site, where this project will take place, is located in portions of Townships 42-44 North, Range 39 East; Townships 42-44 North, Range 40 East; Townships 42-45 North, Range 41 East; Townships 42-46 North, Range 42 East; Townships 43-45 North, Range 43 East (See Map 1). From Paradise Valley to leks and bird-directed foraging locations, we will be taking Martin Creek Rd and Hinkey Summit Rd primarily; access to leks will also require smaller gravel and two-track roads on public land. 
The Santa Rosa field site is mainly on public lands, managed by the BLM; the western edge of the site includes US Forest Service System lands (see Map 2; acquired from the USGS). There are patches of privately-owned land in some remote parts of the site, but researchers have not had problems with access to these areas in the past. 




Map 1: This map shows the approximate area encompassing our study leks (large black polygon in the center of map). We will look for 9 leks total located in the portion of the area burned by the Martin fire shown (purple) and around the perimeter of the fire for comparison. This map also shows township and range and Paradise Valley. From Paradise Valley, where the field crew will live for the project’s duration, we will travel to leks and tagged bird locations by taking Martin Creek Rd and Hinkey Summit Rd primarily. Access to leks will also require smaller gravel and two-track roads on public land.
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Map 2: This map shows the entire Santa Rosa Mountains region, which is primarily public land. The majority of the Santa Rosa field site is managed by the BLM (olive and yellow areas), overlapping US Forest Service System lands in the west (green).
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Does this Project Have Additional Funding Sources Other than Your Wildlife Heritage Account Request? 			Yes  ☒  No  ☐


Does this Project Involve Habitat Restoration and Improvement of a Long-term or Permanent Nature?
Yes  ☒  No  ☐


Please Describe in Detail the Reason Why You Need Wildlife Heritage Account Funding to Fund this Project:

Our objectives center around understanding how fire and post-fire restoration efforts are affecting population health and habitat use in a culturally important game bird, the greater sage-grouse. Without examining how fire and restoration efforts affect sage-grouse diet quality, we would be missing one of the most important drivers of habitat use at large and small scales. We are requesting Wildlife Heritage Account Funding because our objectives dovetail with the goals and purpose of the funds: “for the protection, propagation, […] restoration” of wildlife. We will seek additional funding to expand this work and continue it beyond 2022, however, no additional grant funds are currently available. The Wildlife Heritage Account funding would allow us to begin the project, while we are still able to piggyback on the USGS project at this site; once we have established the project, we can leverage the Heritage fund and our research progress for additional funds. 


Project Duration: 	one year  ☐  two years  ☒  three years  ☐  more  ☐
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Estimated Start Date: July 1, 2020



Estimated End Date: June 30, 2022


PROJECT FUNDING

The funding breakdown below should cover the total funding needs of the project. While projects may be extended beyond the fiscal year for which money was awarded, such an extension must be due to unusual circumstances and be approved by the Wildlife Commission (see NAC 501.340). Double click on the table to activate the embedded spreadsheet.

NOTES: The largest expense for this project is the purchase of 6 datalogging receivers to detect visitation of tagged hens at leks.  We are requesting 6 units, because we intend to intensively monitor 9 focal leks inside and outside the burn perimeter. If we are given partial funding, we will buy fewer dataloggers and rotate them among leks. This will give us lower resolution data on female movement, which is not ideal because females often only visit each lek for a single morning and we would miss many of these visitations. However, four data loggers would still allow us to gain important information about lek attendance patterns.
While we are only listing as “All Other Costs” those funds from UC Davis that can technically be considered matching funds, there are additional resources and complimentary contributions from UC Davis and USGS to the project, which will allow us to leverage Wildlife Heritage funds to the fullest. 


UC Davis:
· Maria Ospina, the UC Davis Ph.D. student who will run the project, is funded by a National Science Foundation Graduate Research Fellowship. She will work full time on this project, but her stipend and benefits will be paid by this fellowship.  
· We have three ATVs and a trailer for ATV transport that will be used for the project. We also have a small camper trailer that can be used for additional housing.
· We have 5 Sony HD camcorders that will be used to film behavior on the lek, as well as servers and computers on the UC Davis campus, where videos will be analyzed. We have spotting scopes, tripods and hunting blinds for lek counts and observations. We also have the needed equipment and supplies for measuring habitat characteristics and sampling sagebrush.
· UC Davis will provide ‘overhead’—e.g. office space, library access, and support personnel.
US Geological Survey:
· Dr. Peter Coates of the USGS has an ongoing project monitoring sage-grouse populations at multiple sites that have suffered wildfires, including the Santa Rosa Mountains. The USGS plans to deploy 3 field technicians for trapping and banding birds in the Santa Rosa Mountains in 2020 and beyond. The USGS is providing trucks and other vehicles for these technicians and covering their living expenses. Our collaboration with the USGS adds value to both the USGS and UC Davis projects.
· This project will make use of sage-grouse VHF and PTT tags placed on birds in the Santa Rosa Mountains by USGS technicians, with our assistance. The tags are not for this project alone, but they are a key component of the project described here, therefore they are listed on the budgets below, but their cost is not included in our budget totals. USGS plans to deploy the following tags on hens this spring ($27,2800 total):
· VHF Radio tags (Necklace style ATS model #A4060, $182/tag, 40 tags) = $7,2800 
· GPS Satellite tags (GeoTrak PTT backpack style at $4000 each 4 tags) = $16,000
· ARGOS download costs per GeoTrak tag ($1000/tag, 4 tags) = $4,000
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[bookmark: _Hlk37930960]PROJECT COSTS

The cost breakdown below should cover the total costs of the project you are seeking funding for. NOTE: THE HERITAGE ACCOUNT CANNOT BE USED TO PAY INDIRECT COSTS. Double click on the table to activate the embedded spreadsheet. 

Are There Going to be Any Ongoing Costs for This Project? 	Yes  ☒  No  ☐


If There are Ongoing Costs Associated with This Project, is There an Anticipated Funding Source for These Costs? 							Yes  ☒  No  ☐


Do You Anticipate Needing Additional Wildlife Heritage Account Funds Beyond the Upcoming Fiscal Year? If So, Please Describe What You Think Your Funding Requirements will be and for What Purposes (As noted above, extensions beyond the first fiscal year must be due to unusual circumstances and approved by the Wildlife Commission.):

Here we are requesting funds for the first year of a two-year project. We anticipate that two seasons of spring fieldwork will be needed for a sufficient number of tracked sage-grouse and vegetation samples to draw robust conclusions. An additional year will also allow us to look for changes between years, as fire impacts accumulate and restoration proceeds. Most of the major costs of the project—equipment to monitor tagged birds—will occur in FY2020, so FY2021 would require a smaller budget. Assuming the same number of fecal and plant samples will be collected, an additional field season would cost $26,870, which includes the costs for Personnel, Travel, Materials and Miscellaneous in the attached budget. To fund a second year of fieldwork, we plan to apply to the BLM and USGS, as well as smaller organizations (the American Ornithologists’ Society, the Animal Behavior Society, and the Ecological Society of America), in addition to the Wildlife Heritage Fund. 



How Will You Give Credit to the Wildlife Heritage Account and Other Funding Sources? 

All presentations and scientific articles published from this study will thank the Wildlife Heritage Account in the acknowledgements for funding of this project. We will thank the Wildlife Heritage Account publicly when speaking about this project. 












Authorizing Signature: 


Review Date: 4/10/2020
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Microsoft_Excel_Worksheet.xlsx
Sheet1

				1.    Amount of Heritage Account Funds Being Requested								$   65,855.00

				2.    Other Cash Funding Sources for this Project

				a.     University of California, Davis								$   58,885.00

				b.     								$   - 0

				c.      

				d.     

				e.    Total Other Cash Funding Sources (lines a – d)								$   58,885.00

				3.    In-kind Services for this Project

				a.    Volunteer Time

				b.    Equipment

				c.     Materials

				d.    Total Donations/In-kind Services (lines a – g)								$   - 0

				4.    Total Project Funding						$   124,740.00

				(add lines 1, 2e,3h)













































Sheet2

						Heritage costs		All other costs

				1.    Land Acquisition

				2.    Personnel (NDOW employee salaries not included)

				3.    Travel (NDOW employee costs not included)

				a.    Per diem

				b.    Mileage

				c.    Total travel costs (lines a & b)		$   - 0		$   - 0

				4.    Equipment Items

				a.     

				b.     

				c.      

				d.     

				e.    Total equipment costs (line a – d)		$   - 0		$   - 0

				5.    Materials

				a.     

				b.     

				c.      

				d.     

				e.    Total material costs (lines a – d)		$   - 0		$   - 0

				6.    Miscellaneous Costs

				a.     

				b.     

				c.      

				d.     

				e.    Total miscellaneous costs (lines a – d)		$   - 0		$   - 0



				7.    Total Heritage costs only		$   - 0

				(add lines 1, 2, 3c, 4e, 5e, 6e)

				8.    Total all other costs				$   - 0

				(add lines 1, 2, 3c, 4e, 5e, 6e)

				9.    Total Project Costs		$   - 0

				(add lines 7 & 8)

				Total project funding must match total project costs

				a.    Total project funding				$   124,740.00

				b.    Total project costs				$   - 0
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Heritage Costs All Other Costs

1.

    

Land Acquisition  $                    -     $              -   

2.

    

Personnel

a. 2 months of effort for PI Patricelli ($29,442.50/month; including 

benefits at federally approved FY20 UC rates)

 $  58,885.00 

b.

 

$5,000 (including benefits) for Forbey Lab technician at Boise State to 

process samples

 $         5,000.00 

c. Total Personnel costs  $         5,000.00   $  58,885.00 

3.

    

Travel (NDOW travel costs can't be included in the Heritage column)

a.

    

Per diem ($300/person/month housing in Paradise Valley for 4 people 

+ $450/month for food total, 3 months + $300 household expenses)

$5,250 

b.  Truck rental and mileage (Truck cost = $704/month, $0.44/mile for 

travel from Davis, CA to Paradise Valley and 100 miles a day for 60 days of 

travel from Paradise Valley to leks)

$5,632 

c. Travel expense reimbursement field techs ($2000 x 3) $6,000 

d.

    

Total Travel Costs (lines a & b) $16,882  $              -   

4.

    

Equipment Items

a. VHF Radio tags (Necklace style VHF transmitters ATS model #A4060, 

$182/tag, 40 tags = $7,2800)

 $                    -     $              -   

b. GPS Satellite tags, + downloads (4 tags at $4000 each; $1000/tag 

ARGOS download costs = $20,000)

 $                    -     $              -   

c. R4500SD Receiver-Datalogger ($5,800 each x 6)  $       34,800.00 

d. R410 Scanning receiver for hand-held tracking ($825 each x 3)  $         2,475.00 

e.

    

3-element  yagi antenna 159-163mHz ($160 each x 9)   $         1,440.00 

f.

    

RG58 Coax Cable-15ft ($30 each x 9)  $            270.00 

g.

    

Total Equipment Costs (line a – d)  $       38,985.00   $              -   

5.

    

Materials

a.

 

Chemistry. protein and chemical defenses 

(terpenes and phenolics and 

coumarins) in plants. $6/sample, approx 150 samples.

 $            900.00 

b.

  

$6 for glucuronic acid per sample, approx 150 samples.  $            900.00 

c.

  

Chemistry. $8/sample for cortisol. Approx 150 samples.  $         1,200.00 

d.

  

Total Material Costs (lines a – d)  $         3,000.00   $              -   

6.

    

Miscellaneous Costs

a.

  

ATV fuel and maintanence   $            500.00 

b.

  

Publication and Dissemination  $         1,000.00 

c. Hard drives and SD cards for for data storage (2x5TB external drives, 

$160 ea; 4x 256GB SD card $42 ea)

 $            488.00 

d.

    

Total Miscellaneous Costs (lines a – d)  $         1,988.00   $              -   

7.

    

Total Heritage Costs Only  $      65,855.00 

(add lines 1, 2, 3c, 4d, 5e, 6e)

 $ 58,885.00 

(add lines 1, 2, 3c, 4e, 5e, 6e)

9.

    

Total Project Costs  $    124,740.00 

(add lines 7 & 8)



8.

    

Total All Other Costs


Microsoft_Excel_Worksheet1.xlsx
Sheet1

				1.    Heritage Trust Fund cash amount requested

				2.    Other cash funding sources for this project

				a.     

				b.     

				c.      

				d.     

				e.    Total other cash funding sources (lines a – d)								0

				3.    Donations for this project

				a.    Volunteer time

				b.    Equipment

				c.     Materials

				d.     

				e.     

				f.      

				g.     

				h.    Total donations (lines a – g)								0

				4.    Total Project Funding						0

				(add lines 1, 2e,3h)





Sheet2

						Heritage Costs		All Other Costs

				1.    Land Acquisition		$   - 0		$   - 0

				2.    Personnel

				a. 2 months of effort for PI Patricelli ($29,442.50/month; including benefits at federally approved FY20 UC rates)				$   58,885.00

				b. $5,000 (including benefits) for Forbey Lab technician at Boise State to process samples		$   5,000.00

				c. Total Personnel costs		$   5,000.00		$   58,885.00

				3.    Travel (NDOW travel costs can't be included in the Heritage column)

				a.    Per diem ($300/person/month housing in Paradise Valley for 4 people + $450/month for food total, 3 months + $300 household expenses)		$5,250

				b.  Truck rental and mileage (Truck cost = $704/month, $0.44/mile for travel from Davis, CA to Paradise Valley and 100 miles a day for 60 days of travel from Paradise Valley to leks)		$5,632

				c. Travel expense reimbursement field techs ($2000 x 3)		$6,000

				d.    Total Travel Costs (lines a & b)		$16,882		$   - 0

				4.    Equipment Items

				a. VHF Radio tags (Necklace style VHF transmitters ATS model #A4060, $182/tag, 40 tags = $7,2800)		$   - 0		$   - 0

				b. GPS Satellite tags, + downloads (4 tags at $4000 each; $1000/tag ARGOS download costs = $20,000)		$   - 0		$   - 0

				c. R4500SD Receiver-Datalogger ($5,800 each x 6)		$   34,800.00

				d. R410 Scanning receiver for hand-held tracking ($825 each x 3)		$   2,475.00

				e.    3-element  yagi antenna 159-163mHz ($160 each x 9) 		$   1,440.00

				f.    RG58 Coax Cable-15ft ($30 each x 9)		$   270.00

				g.    Total Equipment Costs (line a – d)		$   38,985.00		$   - 0

				5.    Materials

				a. Chemistry. protein and chemical defenses (terpenes and phenolics and coumarins) in plants. $6/sample, approx 150 samples.		$   900.00

				b.  $6 for glucuronic acid per sample, approx 150 samples.		$   900.00

				c.  Chemistry. $8/sample for cortisol. Approx 150 samples.		$   1,200.00

				d.  Total Material Costs (lines a – d)		$   3,000.00		$   - 0

				6.    Miscellaneous Costs

				a.  ATV fuel and maintanence 		$   500.00

				b.  Publication and Dissemination		$   1,000.00

				c. Hard drives and SD cards for for data storage (2x5TB external drives, $160 ea; 4x 256GB SD card $42 ea)		$   488.00

				d.    Total Miscellaneous Costs (lines a – d)		$   1,988.00		$   - 0

				7.    Total Heritage Costs Only		$   65,855.00

				(add lines 1, 2, 3c, 4d, 5e, 6e)

				8.    Total All Other Costs				$   58,885.00

				(add lines 1, 2, 3c, 4e, 5e, 6e)

				9.    Total Project Costs		$   124,740.00

				(add lines 7 & 8)
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COLLEGE OF BIOLOGICAL SCIENCES
DEPARTMENT OF EVOLUTION AND ECOLOGY
http:/fwww.evencdavis.edu

February 26, 2020
Nevada Department of Wildlife

6980 Sierra Center Parkway, Suite 120
Reno, Nevada 89511

RE: Letter of Support — Matching Funds

ONE SHIELDS AVENUE
DAVIS, CALIFORNIA 93616-8753
FAX: (530) 752-1449

This letter is to provide departmental support of Professor Gail Patricelli’s effort on the proposed project entitled
“The interaction between restoration, foraging ecology, and mating behavior in Greater Sage-Grouse “ for the
budgeted period July 1, 2020 to June 30, 2021, with full project dates of July 1, 2020 to June 30, 2022. She has
advised that she will devote 16% time to the project. We authorize the equivalent salary and associated costs to
be used as matching funds in support of the proposal as listed in the budget document.

If further information is needed, please do not hesitate to contact me.

Sincerely,

John J. Stachowicz
Professor and Chair
Department of Evolution and Ecology

JIS:CLM
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UNIVERSITY OF CALIFORNIA, DAVIS

OFFICE OF RESEARCH TELEPHONE (530) 754-7700
SPONSORED PROGRAMS, 1850 Research Park Dr., #300 FAX: (530) 752-0333
DAVIS, CALIFORNIA 95618

February 28, 2020

Lee Davis, NDOW Wildlife Staff Specialist
Nevada Department of Wildlife

6980 Sierra Center Parkway, Suite 120
Reno, Nevada 89511

Proposal entitled: ............... “The interaction between restoration, foraging ecology, and mating
behavior in Greater Sage-Grouse”
Principal Investigator:........ Gail Patricelli

Dear Mr. Davis,

On behalf of The Regents of the University of California, Davis Campus, it is our pleasure to forward
the above-referenced project with our Institutional support and approval for the Nevada Department of
Wildlife's collaborative submission to the Nevada Board of Wildlife Commissioners.

In the event this proposal results in an award to UC Davis, we would expect to enter into good faith
negotiations to agree upon conditions that are mutually acceptable to both parties.

Please do not hesitate to contact me if you have any questions. We request that correspondence
pertaining to this proposal be sent via email to proposals@ucdavis.edu or mailed to the Office of
Research Sponsored Programs Office, 1850 Research Park Drive, Suite 300 Davis, CA 95618-6153.

We look forward to working with you on this important project.

Sincerely,

Chris D. Dye-&ixenbau/gr%

Contracts and Grants Officer

*Please refer to Proposal No 20-3327 on all future correspondence.

Send Award Notice to: Send Checks (Payable to The Regents of the University of California) to:
Office of Research, Sponsored Programs Cashier’s Office

1850 Research Park Drive, Suite 300 University of California Davis

University of California PO BOX 989062

Davis, California 95618 West Sacramento, California 95798-9062

awards@ucdavis.edu
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 $      65,855.00 

 $        58,885.00 

 $                    -   

 $      58,885.00 

 $                   -   

 $           124,740.00 

1.

    

Amount of Heritage Account Funds Being Requested

2.

    

Other Cash Funding Sources for this Project

a.

    

 University of California, Davis

b.

    

 

c.

     

 

(add lines 1, 2e,3h)

4.

    

Total Project Funding

c.

     

Materials

d.

    

Total Donations/In-kind Services (lines a – g)

d.

    

 

e.

   

 

Total Other Cash Funding Sources (lines a – d)

3.

    

In-kind Services for this Project

a.

    

Volunteer Time

b.

    

Equipment
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