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[bookmark: _Toc40351551]
Introduction The Pacific Southwest Region of the US Fish and Wildlife Service (Service) is working with states, federal agencies, and other partners to assess the status and conservation needs of at-risk species. The goal is to work with private and public partners to protect working lands and our outdoor heritage by precluding the need to federally list as many at-risk species as possible through voluntary, proactive conservation. 
Foothill yellow-legged frog (Rana boylii) was petitioned for federal listing under the Endangered Species Act (Act), is on the Sensitive Species List of the U.S. Forest Service (USFS), and five of the six clades of the foothill yellow-legged frog are listed as Endangered or Threatened under the California Endangered Species Act (California ESA). 
[bookmark: _Hlk57542721]On August 28, 2018, the Services hosted an interagency meeting with partners from California Department of Fish and Wildlife, United States USFS, and Oregon Department of Fish and Game, and it was recognized that this species could benefit from the development of an interagency Conservation Strategy. The goal of this conservation strategy is to work with partners to identify actions that could be taken to improve the health of foothill yellow-legged frog populations across their historic range. 
This document was developed based on discussions and subsequent meetings with species experts and agency biologists, and synthesis of existing peer reviewed and grey literatures. This document provides a brief overview of the species’ taxonomy, life history, ecological needs and key stressors (Sections 2 and 3). This information is included to provide context for our recommendations, but it is not intended to be an exhaustive review of best available science. In Section 3, we discuss the potential actions that can be taken at a range-wide scale to benefit foothill yellow-legged frog. In Section 4, for each sub-area  we provide information on 1) occurrence data, 2) stressors present, and 3) ongoing efforts to improve on conditions for the frog. This document aims to be a living document that can be continuously expanded and modified in light of new information and as we identify additional conservation opportunities. 
1. [bookmark: _Toc40351552]Species Information
[bookmark: _Toc40351553] 2.1 Taxonomy
Foothill yellow-legged frog was first described in 1955 (Zweifel 1955, Hayes et al. 2016:3). In 2018, two genetic studies were completed, and both suggest that foothill yellow-legged frog populations have deep population structures, meaning there is evidence of genetic divergence in foothill yellow-legged frogs in portions of its range (McCartney – Melted et al. 2018: 112). McCartney-Melstad et al. note that this species has the deepest population structures, observed in any anuran (2018:112).
Research by McCartney-Melstad et al. (2018) and Peek (2018) suggest slightly different population structures: McCartney-Melstad et al. (2018) suggests five clades, while Peek (2018), which includes additional genetic samples, suggests six clades (Figure 1). The geographic boundaries of the coastal clades are similar across analyses. Peek (2018) suggests that frogs in the Feather River drainage form a distinct clade located in between the southern and northern sierra clades identified by McCartney-Melstad et al. (2018). Both of these studies illustrate the importance of understanding local genetics in conservation planning for this species and the ecological importance of maintaining representation across multiple sub-areas. 
[bookmark: _2.2_Life_History][bookmark: _Toc40351554]2.2 Life History
Foothill yellow-legged frog breeding season occurs between March and June, the onset and duration of the breeding season is closely linked to seasonal decreases in flow, and increases water temperature (Hayes et al. 2016:13, Kupferberg 1996: 1337, Wheeler and Welsh 2008: 128). Oviposition is extremely variable but typically occurs between early March and July (Appendix A). Weather may influence breeding chronology; breeding is more protracted during cold, wet springs than warm, dry ones (Kupferberg 1996). Tadpole life stage lasts for 3-4 months.  Food resources, water temperature, and genetics have all been shown to affect the rate at which tadpoles undergo  metamorphosis (Kupferberg 2011, Catenazzi and Kupferberg 2013). The maximum age is estimated to be between 11-13 years (Hayes et al. 2016:16–17). Habitat needs of overwintering adult frogs is the least understood part of life history.
[bookmark: _2.3_Habitat_Needs][bookmark: _Toc40351555]2.3 Habitat Needs 

The foothill yellow-legged frog is primarily stream dwelling and an obligate stream breeding species that typically occurs below 5000 feet in elevation (CDFW 2016:8). Foothill yellow-legged frogs can occur in streams associated with a wide variety of vegetation types including valley-foothill hardwood, valley-foothill hardwood-conifer, valley-foothill riparian, ponderosa pine, mixed conifer, mixed chaparral, and wet meadows (Hayes et al., 2016:5). Across all these vegetation community types, the meeting attendees identified the following as habitat needs: ‘frog friendly’ flow regime, duration of water availability, appropriate water temperature, appropriate substrate, basking sites, food resources, and access to uplands habitat as habitat features critical to the survival of a population.
‘Frog friendly’ flow regime & duration of water availability- Foothill yellow-legged frog needs a stream flow regime that is synchronized with their different developmental stages from oviposition to metamorphosis. A gradual spring flow recession is important to avoid scour or desiccation of egg masses and late spring/summer pulse flows could injure or displace tadpoles. Lastly, the duration of in-stream water availability needs to be long enough to allow tadpoles to complete metamorphosis.

Water temperature- As discussed above in Life History, appropriate water temperature is important for FYLF’s obligate aquatic life stages. Embryonic development is highly temperature dependent and takes between 5 – 30 days. Laboratory experiments have identified the critical minimum for embryonic development at ~6 °C and the critical maximum at 26 °C (Zweifel 1955). Temperature has a significant impact at the rate and size at which tadpoles undergo metamorphosis  (Kuperberg et al. 2011: 14, 60–61). Water temperatures below 19.3 °C in the Sierras and 18.8 °C on the coast appear to limit relative abundance of FYLF (Kuperberg et al. 2011: 82).  Water temperature can also affect food availability and presence of non-native species (see 1.2 Non-native Species).

Substrate- Substrate needs vary based on life stage, flow velocity, and habitat use. A common feature among breeding sites across the species’ range is stable cobble substrate with interstitial spaces that provide shelter from high flows. It is beneficial in foothill yellow-legged frog habitat to have a broad range of substrate sizes because they help create habitat complexity including low-velocity microsites (Lind and Yarnell 2008, p. 23). Tadpoles and metamorphs appear to favor habitats with smaller-sized substrates, such as gravel or sand (Bondi et al. 2013:95,Yarnell 2005: 25).


Basking sites – Foothill yellow-legged frogs appear to avoid stream habitat with dense (>90%) canopy cover, likely because sunlight increases the production key food resources (diatoms and invertebrate) and basking sites (Hayes et al., 2016). In addition to thermoregulation, basking may help frogs clear themselves of Bd (Batrachochytrium dendrobatidis) infections (Rowley and Alford, 2013:2). 

[bookmark: _Hlk528245889]Upland - Behavior and resource needs of overwintering foothill yellow-legged frog is the least understood part of life history (Hayes et al. 2016). In general, habitat during fall and winter includes small tributary streams with year-round water and adjacent riparian habitat (CDFW 2018). During high stream flow in the winter, frogs seek refuge in springs, seeps, pools, woody debris, root wads, undercut banks, clumps of sedges, and large boulders at high water-line (Van Hattem et al. 2018:2). Overall, little is known about where and how adults overwinter. A better understanding of overwintering habitat use may provide useful information about the of upland habitat in foothill yellow-legged frog life history.  

Food availability – Foothill yellow-legged frogs are generalist predators and eat mostly terrestrial but also some aquatic invertebrates (Hayes et al. 2016: 21). The tadpoles primarily eat algae (e.g., diatoms) scraped from rocks and prefer a diet dominated by diatoms (Hayes et al. 2016: 22). The availability of high-quality food (i.e. diatoms) is reduced due to either grazing competition from bullfrogs or altered streamflow that reduces relative abundance of diatoms (Hayes et al. 2016: 22).

2.4 [bookmark: _Toc40351556]Distribution 
[bookmark: _Toc40351557]2.4.1 Historical
Foothill yellow-legged frog’s historical range was from southern Oregon to Los Angeles County,  California, USA, with an isolated population in the Sierra San Pedro Martir in Baja California, Mexico  (Stewart et al. 2005:192, Adams et al. 2017:10218). Historical data (pre- 1980) and collections records suggest that the species was widespread throughout Pacific drainages in California along the Pacific coast and in the Sierra Nevada foothills (Hayes et al. 2016:26, Stebbins 1951, 2003). In Oregon, they were likely common throughout the southern Coast and southwestern Cascade Ranges (Olsen et al. 2008: 9)
[bookmark: _Toc40351558]2.4.2 Current
[bookmark: _Hlk57981709]Conservation assessments completed by the United States USFS in California (Hayes et al. 2016) and Oregon (Olson and Davis 2009) concluded that the foothill yellow-legged frog has been experiencing severe declines across its range since the 1980’s. These declines appear to be most severe in the southern coastal portion of its range and throughout the southern Sierras (USFWS 2018). Based on correspondence with species experts, as well as qualitative analysis of foothill yellow-legged frog occurrence data, this trend appears to be continuing (CDFW 2019).
[bookmark: _Toc40351559]2.4.3 Genetics
Initial genetic studies found a significant split in the south in both the coastal and Sierra populations from the rest of the range (Lind et al. 2011). More recently published work on range wide foothill yellow-legged frog genetic structure confirmed this deep split and suggested that the there are five geographically structured clades (McCartney-Melstad et al. 2018, Peek et al. 2018). Foothill yellow-legged frog genetics are more structured than any anuran for which similar data are available. This paper also suggested that the southern populations harbor the greatest genetic variation for the species as a whole. 
[image: ]
[bookmark: _Ref20820370]Figure 1. Map of Foothill yellow-legged frogs’ historical range in California (CDFW, 2020) and Oregon. Map legend identifies regions used by the California Department of Fish and Wildlife (CDFW) in their 2020 listing determination and the associated sub-areas used to develop this conservation strategy. 
2. [bookmark: _Range-wide_Stressors][bookmark: _Toc40351560]Range-wide Stressors
Many factors are implicated in the reduction in population size and extirpation of foothill yellow-legged frog populations. Below we provide a summary of stressors that were identified by our partners as barriers to increasing the health of foothill yellow-legged frog populations. These stressors are complex and interconnected (Figure 2) which can make it challenging to determine the most efficient restoration options. To ensure persistence of foothill yellow-legged frog populations, we need to understand the effectiveness, feasibility, and cost of potential conservation.
[bookmark: _Toc40351561]3.1 Altered Hydrology 
[bookmark: _GoBack]Foothill yellow-legged frog life history and habitat needs are closely tied to the timing and velocity of stream flows.  As a result, changes in stream hydrology can have direct and indirect negative impacts on foothill yellow-legged frog populations.  Hydroelectric projects can cause extreme fluctuations in flow regimes over short intervals that can cause local extirpation if they occur at the time of breeding (Hayes et al., 2016). In particular, high flow events after oviposition increase the risk of egg mass scouring and can flush tadpoles downstream (Lind et al. 1997). Alternatively, a rapid decline in flow can cause egg mass stranding and desiccation (Kupferberg 1996). Research suggests that large dams have reduced the number of downstream populations and number of individuals in extant populations (Kupferberg et al., 2012: 512). Additionally, altered hydrology can create conditions that favor non-native species and affect water temperature (Kupferberg 2011). 
[bookmark: _3.2_Invasive_Species][bookmark: _Toc40351562]3.2 Non-native Species	
Non-native species, including fish, crayfish (Pacifastacus spp.), and bullfrogs (Rana catesbeiana), have all been linked to decreases and extirpation of foothill yellow-legged frog populations (CDFW 2019:55-57, Hayes et al., 2016). 
Several types of introduced crayfish, including two subspecies of the signal crayfish (Pacifastacus. l. trowbridgii and P. l. leniusculus), the red or Louisiana swamp crayfish (Procambarus clarkii), and the northern or virile crayfish (Orconectes virilis), now co-occur with foothill yellow-legged frog across the entirety of their range (Hayes et al., 2016:49). Crayfish predate on foothill yellow-legged frog eggs and tadpoles (CDFW 2019:55-57, Olson and Davis, 2009:13). 
Bullfrogs affect foothill yellow-legged frog through competition for food resources, predation of all life stages, and transmission of Bd (Kupferberg 1997: 1736, Reeder et al. 2012). Bullfrog presence is likely a symptom of habitat alteration and not the sole cause of foothill yellow-legged frog declines (Hayes & Jennings 1986, Pearl et al. 2005). Bullfrogs prefer warmer water with little or no flow, as often provided by large dams, water control structures, including those associated with side channels created during restoration projects,  mining, and off channel water storage (Fuller et al. 2011: 204). Bullfrogs have been implicated in declines of native Ranid species across western North America (Kats & Ferrer 2003, Casper & Hendricks 2005).  
Smallmouth bass, green sunfish, mosquitofish, and trout may compete with foothill yellow-legged frogs for food resources. Adult smallmouth bass have been documented eating amphibian larvae (Kiesecker and Blaustein 1998:784) and preying on foothill yellow-legged frogs (Rombough 2006).
[bookmark: _Toc40351563]3.3 Habitat loss due to land-use change
Conversion of natural habitats to agriculture or urban land uses has been linked to the decline of foothill yellow-legged frog (Lind 2005:19). Land-uses change can cause habitat destruction and/or degradation, altered hydrology, and impoundments that can support non-native species such as bullfrogs (CDFW 2019b, p. 58).  The population in residential communities along the western slope of the Sierra Nevada is projected to double by 2050, which could increase the risk of habitat loss (Hayes et al., 2016).  Habitat conversion for vineyard development and cannabis cultivation may be particularly problematic in the North Coast sub-area, where they are more likely to occur. Vineyard and cannabis cultivation practices result in changes in local hydrology that reduce foothill yellow-legged frog habitat and increase bull frog habitat. 
[bookmark: _Toc40351564]3.4 Climate Change 
[bookmark: _Hlk6498101]Since this species life history is closely tied with hydrologic conditions, changes in climate have the potential to negatively impact the species. Altered precipitation patterns due to climate change are predicted for California’s wet season (Swain et al. 2018). Flooding caused by intense precipitation can flush foothill yellow-legged frogs,  in particular tadpoles and egg masses, out of suitable habitat, which can cause local extirpations (Adams et al. 2017:10227). Drought, particularly in ephemeral systems in which this species can occur,  reduces available habitat. Restoration and reintroduction efforts for this species should be focused in areas that are expected to have appropriate habitat in the future based on projected shifts in climatic conditions. 
[bookmark: _Toc40351565]3.5 Mining 
A range of mining practices may have contributed to foothill yellow-legged frog habitat alteration and loss. Aggregate mining extracts materials from streams for use in construction. This poses a threat to foothill yellow-legged frog through direct mortality and habitat alteration and increased downstream sedimentation loading (Hayes et al., 2016). In the northern Sierra Nevada, hardrock mining, digging shafts to find certain minerals,  has the potential to affect foothill yellow-legged frog (Hayes et al., 2016). Suction-dredge mining damages habitat or destroys eggs and tadpoles (Hayes et al., 2016:52).  There is currently a moratorium on suction-dredge mining in all of California (Fish & G. Code, §§ 5653, 5653.1, 12000, subd. (a)). Due to the moratorium, present day mining likely has less of an effect on the species than historic mining.
[bookmark: _Toc40351566]3.6 Disease 
Bd is a fungal pathogen responsible for the amphibian disease chytridiomycosis, which leads to skin infection that effects respiration and water uptake. Bd is thought to be one of the main factors leading to the extirpation of foothill yellow-legged frog in the southern part of its range (Adams et al. 2017: 10224). The earliest documented Bd infections of foothill yellow-legged frog occurred in the 1960’s (Padgett-Flohr and Hopkins, 2009:4). Transmission of Bd is believed to be facilitated by many of the stressors mentioned above, including, drought, and bullfrogs (Adams et al. 2017:10221,10228). Mass die-offs of foothill yellow-legged frogs linked to Bd have been documented in the South and Central Coast sub-areas (CDFW 2019: 93) 
[image: ]
[bookmark: _Ref20837508] Figure 2.  There are many interconnected stressors affecting foothill yellow-legged frog populations.  (Ashton personal comm 2019)
3. [bookmark: _Hlk6575253][bookmark: _Toc40351567]Range-wide Conservation Needs
The following conservation needs were identified based on the discussions and meetings that we had while developing this document. Many of the conservation needs described below refer to “priority areas”. We acknowledge that to provide the greatest conservation benefit for this species we will need to be strategic in where we invest in restoration and management. In addition, the impact of threats and conservation opportunities vary in each sub-area (Figure 1). Therefore, we believe it is important to develop an action plan for each of the sub-area with clearly defined objectives. The selection of priority areas, where we would focus management investments, will be part of this process. 
1. Coordination
a. Coordination among city, county, state, and federal agencies to identify important conservation areas and implement actions to protect or improve populations
b. Coordination with experts across academia, federal, and state agencies to share information and new research results to guide and update conservation strategies and actions
c. Develop best management practices (BMPs) for conservation strategies. The most urgent needs are BMPs for: 
i. Environmental DNA (eDNA) surveys. Bedwell et al. 2020 is currently the best resources on eDNA detection methods. 
ii. Bullfrog control (CDFW invasive species program is currently leading a working group on this topic, Heather Perry heather.perry@Wildlife.ca.gov ) 
iii. In situ rearing (building upon ongoing efforts in the Feather River, Colin Dillingham )
iv. Captive rearing and breeding (This work is currently being funded by the U.S. Fish and Wildlife Service (USFWS) and implemented by the Oakland Zoo, Darrin Minier dminier@oaklandzoo.org)
v. Crayfish control 
d. Maintain support for the existing foothill yellow-legged frog technical group (currently supported by Amy Lind amy.lind@usda.gov, and  Andrea Adams andreajoyadams@gmail.com)
e. Support ongoing outreach efforts that encourage frog friendly actions such as:
i. Disinfecting gear to prevent the spread of Bd
ii. Avoid recreational handling foothill yellow-legged frog
iii. Monitoring through citizen science efforts
f. Develop plans for managing foothill yellow-legged frog in emergency situations and assess the need for Bd status monitoring (e.g. egg mass/ tadpole salvage, drought, sediment loading, Bd outbreak)


2. Survey and Data Sharing
a. Support assessments of population health across the range of foothill yellow-legged frog, priority should be given to the southern California coastal and the southern Sierra Nevada sub-area 
i. Identify areas where surveys are needed to improve our understanding of current occupancy;
ii. Explore approaches/platforms for data-sharing that can be used by all partners to facilitate an annual assessment of occupancy across the range and within each sub-area  
iii. Compile and analyze survey data to understand trends in occupancy across the range and within each sub-area:
iv. Evaluate genetic health of existing populations to assess inbreeding depression and if needed identify potential management actions to increase genetic diversity within populations.
b. Identify priority areas with each sub-area for restoration, reintroductions, and population augmentation. Priority areas will be identified based on analysis of 1) the feasibility of minimizing impacts of stressors, 2) increasing connectivity between foothill yellow-legged frog populations, and 3) selecting sites that support the species climate change adaptive capacity.
 
3. Minimize impacts of altered hydrology in priority areas
a. Support a working group to:
i. Synthesize current information and research needed to manage flow to support native fish and foothill yellow-legged frog
ii. Develop strategies for improving foothill yellow-legged frog habitat on regulated rivers
b. Manage hydrology on regulated rivers to support flow regimes that support foothill yellow-legged frog populations. 
c. Implement strategies to improve foothill yellow-legged frog habitat and/ or population health in priority areas on regulated rivers, including:
i. Implement head-starting to minimize impact from altered hydrology
ii. Manage riparian vegetation to decrease shading and increase breeding habitat 

4. Minimize impacts of invasive species in priority areas
a. Coordinate implementation of Bullfrog Control BMP (1.C.ii) in priority areas (2b) 
b. Coordinate implementation of Bullfrog Control BMP (1.C.v) in priority areas (2b) 
c. Implement best practices in priority areas 
i. Head-starting to minimize impacts of larval predation
ii. Ex-situ rearing and breeding to minimize impacts of predation across all life-stages

5. Minimize impacts of disease in priority areas
a. Identify and implement disease management as appropriate. 
b. Research effective approaches of ex-situ disease management and develop new methods as needed

6. Increase connectivity between populations to increase gene flow  
a. Develop consensus among foothill yellow-legged frog experts regarding the genetics of the species and approaches to translocation
i. Identify what delineates individual populations and what are the habitat characteristics of a healthy habitat in each clade 
b. Identify strategies for increasing connectivity
i. Augment populations through in-situ head-starting
ii. Develop strategies for reintroduction 
7. Research Needs 
· Better understanding of metamorph (young of year) and juvenile life stages and survival rates 
· Determine minimum effective population size 
· Identify natural barriers to gene flow
· Additional research on triggers for breeding 
· Knowledge on upland habitat use by overwintering adults 
· Increase understanding of dispersal distances, movement corridors, and barriers to movement 
· Understanding of minimum patch size needed to support foothill yellow-legged frog populations 
· Southern Sierra: A comparative study of water quality (pesticide load) within streams could be completed to understand this potential threat and prioritize streams for remediation. 
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4. [bookmark: _Toc40351568][bookmark: _Toc528930666]Sub-Areas 
The sub-areas presented below are based on the clades identified by McCartney-Melstad et al. (2018).  Sub-area boundaries were defined  at the first interagency meeting (Figure 1).  
[bookmark: _Toc40351569]5.1 North Coast & Oregon 
Populations Status
This sub-area has the largest number of extant populations. 
Stressors
Altered hydrology from dams are a major stressor for foothill yellow-legged frog in this sub-area. For example, on the Eel River there are flow recommendations that are a direct detriment to foothill yellow-legged frog. Land conversion to vineyard development and cannabis cultivation is an emerging stressor in part of this clade. In addition to the direct habitat loss, these stressors may increase exposure to bullfrogs due to the construction of off-channel water storage.  
Ongoing Efforts
· Integrated population model for the Eel River near Angelo Coast Reserve (Brian Halstead, bhalstead@usgs.gov)
· Occupancy modeling in Mendocino County (Brian Halstead, bhalstead@usgs.gov).

[bookmark: _Toc40351570]5.2 Central Coast 
Populations Status
This sub-area has experience many local extirpations including BD related die-offs.  
Stressors 
Urbanization and habitat loss have been most severe in this region. All of the other stressors mentioned in the main document occur in this sub-area. 
Ongoing Efforts
· Ongoing monitoring of populations in East Bay Regional Parks (Steve Bobzien, East Bay Regional Parks, and Sarah Kupferberg), and Clear Creek Management Area in San Benito Creek (Mike Westphal, Bureau of Land Management)
· Pinnacles National Park is conducting a feasibility study to assess the potential of foothill yellow-legged frog reintroduction within the Park (Paul Johnson, National Park Service, and Patrick Kleeman, US Geological Survey)
· Foothill yellow-legged frog is  covered under the Santa Clara County[footnoteRef:2] and East Contra Costa County (ECCC) HCPs [2:  https://scv-habitatagency.org/DocumentCenter/View/111/Appendix-C-Evaluation-of-Special-Status-Species-for-Coverage] 

· A model was developed for the ECCC to identify suitable habitat for foothill yellow-legged frog.  
[bookmark: _Toc40351571]5.3 South Coast 

Population Status
Currently the only know extant populations in this region occur on Los Padres National Forest, Fort Hunter Liggett, and Hearst Properties (private). 
Stressors
Foothill yellow-legged frog populations in this sub area have experienced the greatest amount decline (Adams et al. 2017: 10217–10218; CDFW 2019: 43–44). Disease (BD) and extreme flooding have (Adams et al. 2017:10227).
Ongoing Efforts
· USFWS funded researchers (Sarah Kupferberg and Andrea Adams) to assess population status of extant populations.
· eDNA surveys were conducted at Hopper Mountain National Wildlife Refuge in summer 2019 at the suggestion of regional species expert. Access limited the ability of biologists to complete a survey but the samples that were taken did not detect foothill yellow-legged frog (Kat Powelson, katherine_powelson@fws.gov).

[bookmark: _Toc40351572]5.4 Northern Sierra
Population Status
During our meetings we considered this a single subregion, CDFW’s species assessment divided this subarea into two regions,  Northern Sierra and Feather river region (Figure 1). Subsequent genetics work by Peek (2018) suggests that it should be managed as two separate subregions.  This region has experienced population declines but is less impacted than the southern Sierras. 
Stressors
All the stressors outlined in the document above occur in this sub-area . The Rubicon River and the Middle Fork American were identified as having frog friendly flows, and as such may be good candidates for in situ rearing to augment populations.  
Ongoing Efforts
· USFS (Colin Dillingham) is working on bullfrog removal in Spanish Creek, which historically supported foothill yellow-legged frog.
· Successful egg mass translocations and in situ rearing have been undertaken between Cresta and Poe reaches of the North Fork River (Colin Dillingham). 
· Oakland Zoo, USFS, USFWS, and other partners are collaborating to support the rearing and release of frogs. This effort will provide population augmentation to existing populations.

[bookmark: _Toc40351573]5.5 Southern Sierra Foothills 
The Southern Sierra Clade was identified through discussion with species experts as a priority for research and conservation investment. The occurrence summaries below are based on data provided by the USFS and CNDDB (Figure 3). Based on these recommendations we held a meeting with local managers and species experts in April 2019. We discussed each watershed to assess stressors and potential short-term conservation actions including survey needs. A summary is provided below, for complete notes see Appendix B.
[bookmark: _Ref6846974]Occurrence Summary
Below are counts from California Natural Diversity Database (CNDDB).
Southern Upper Kern watershed foothill yellow-legged frog occurrences (HUC08 number: 18030001): There are five observations of foothill yellow-legged frog in this watershed since 2000, all of which are less than one mile apart. Most recently (2018), foothill yellow-legged frog where observed in JYWood Creek and Ash Creek. 
Upper Mokelumne watershed foothill yellow-legged frog occurrences. (HUC08 number 18040012): There have been 123 observations of foothill yellow-legged frog in the Upper Mokelumne watershed since 2000. The majority of which were in the North Fork of the Mokelumne between Bear Creek and Tiger Creek. There are three occurrences in Tiger Creek and Deer Creek (2009, 2015), two occurrences in East Panther Creek (2005, 2014), three occurrences in West Panther Creek (2013, 2014, 2018), and one occurrence in Else Creek (2004).
Upper Merced watershed foothill yellow-legged frog occurrences. (HUC08 number 18040008): There are twelve observation of foothill yellow-legged frog in this watershed since 2000, nine of which were in the Stanislaus National Forest (Stanislaus NF) and three on land owned by the Bureau of Land Management (BLM) surrounding Telegraph Hill. The observations at Stanislaus NF were in the North Fork Merced River (2007, 2015, 2016), Moore Creek (2007), Bull Creek (2003, 2005, 2007), and Bean Creek (2004). On the BLM land observations were in the Merced River (2008) and a nearby tributary, Sherlock Creek (2008, 2017). 
Upper Tuolumne watershed foothill yellow-legged frog(HUC08 number 18040009): There are 63 documented occurrences of foothill yellow-legged frog in the Tuolumne watershed since 2000. Of those, 61 were in Stanislaus NF. Most of the occurrences were in the North Fork of the Tuolumne (2000-2012), six in the Clavey River (2001, 2006, 2016), four in Tuolumne mainstem (2006, 2017, 2018), three in Grapevine Creek (2012), two in Bull Meadow (2005, 2006), x in Drew Creek (2007, 2008), and Meadow  creek (2001). Two occurrences were on BLM property at Moccasin (2001) and Cobbs creeks (2013). 
Stressors 
Altered Hydrology – As discussed above for the range-wide stressors (3.1), altered in-stream hydrology due to hydroelectric projects and extreme droughts or high-precipitation events (projected to increase in severity due to climate change) can pose a threat to foothill yellow-legged frog, especially during the breeding season. Foothill yellow-legged frogs in this region are particularly vulnerable to intermittent drying of creeks during unusually hot summers or after winters with below average snow-pack. In this region, anecdotal evidence suggests that altered hydrology may have contributed to local extirpations.  
Chemical exposure - Sublethal exposure to agricultural chemicals is believed to be a stressor for foothill yellow-legged frog in the southern Sierra region. Research need: A comparative study of water quality (pesticide load) within streams could be completed to understand this potential threat and prioritize streams for remediation. 
Disease – Bd has been documented in the southern Sierra and is likely widespread. As of this writing, we are unaware of recent Bd testing in extant foothill yellow-legged frog populations and it is unknown what role Bd has played in foothill yellow-legged frog declines in this region. 
Non-native species – As discussed above (3.2), several non-native predators (fish, crayfish, and bullfrogs) pose a risk to foothill yellow-legged frog. Bullfrog eradication efforts are ongoing in Yosemite National Park and the Merced River have demonstrated that large scale removal efforts can be successful. In areas that are not under active management, bullfrogs, crayfish, and non-native fish are likely a stressor on foothill yellow-legged frog populations in this region. Bullfrogs can also contribute to Bd exposure, especially during periods of low flow. 
Isolation – Foothill yellow-legged frogs have been lost or seen population reductions in the mainstem rivers in this region. Remaining populations are mostly in the tributaries of the mainstem rivers, which is likely to reduce the gene flow and genetic diversity of foothill yellow-legged frog in this region. Conservation strategies for this region should aim to increase connectivity between extant populations.   
Habitat loss due to land-use change— In some portions of its range, foothill yellow-legged frog is affected by urban development and vineyards.  The majority of foothill yellow-legged frog populations in this region occur on federal lands, which protect them from these types of land use change. 
Short- and long-term strategies to reduce the impacts of the above threats on remaining foothill yellow-legged frog populations across the region include:
· Control of predation by invasive species, especially through bullfrog removal/eradication and in-situ predator exclusion.
· Strategic conservation investment in priority areas. Criteria for prioritization include 1) feasibility, 2) highly vulnerable populations and/or 3) populations within dispersal range of other populations to increase gene flow.
· Support for USFS in collecting eDNA samples as part of regularly scheduled fieldwork   
· Develop protocols/BMPs for captive rearing, captive breeding, and reintroductions in extirpated habitat. Ensure that the ecological feasibility of reintroduction efforts are considered (Figure 4).  
Ongoing Efforts
· Increases in survey effort in the Sierra NF and the Stanislaus NF in the 2019 field season. 
· FWS-funded proposal for reintroduction and restoration feasibility study in the southern Sierra to identify priority areas and implement conservation actions (Kat Powelson, katherine_powelson@fws.gov; Claudia Mengelt, claudia_mengelt@fws.gov).
· Proposition 68-funded project to complete survey and removal of bullfrogs in portions of the Merced and Tuolumne watersheds (Colleen Kamoroff, colleen_kamoroff@nps.gov).
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[bookmark: _Ref1556398]Figure 4. Conceptual model of factors to consider when assessing the ecological feasibility of foothill yellow-legged frog reintroduction (Lind 2005)
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[bookmark: _Toc523903111][bookmark: _Toc20838982][bookmark: _Toc20839064][bookmark: _Toc20839227][bookmark: _Toc40351576]Meeting Synopsis 
On August 29, 2018 the US Fish and Wildlife Service Region 8 Pre-Listing and Science Applications programs hosted a workshop on the foothill yellow-legged frog (Rana boylii). The primary goals of this workshop were to discuss what is known about foothill yellow-legged frog and incorporate that information into the rapid species status assessment (SSA), discuss conservation opportunities and assess if foothill yellow-legged frog would benefit from the development of a conservation strategy. Eighteen people representing 5 state and federal agencies attended the meeting in person and over the phone. The discussion was facilitated using the questions in the rapid SSA. The participant’s answers are captured in the notes below. At the end of the day participants unanimously decided, based on the day’s discussions, that foothill yellow-legged frog could benefit from the development of a conservation strategy. 
[bookmark: _Toc523903112][bookmark: _Toc20838983][bookmark: _Toc20839065][bookmark: _Toc20839228][bookmark: _Toc40351577]Action Items 
· Send out doodle poll for November dates 
· Compile most recent occurrence data. 
· Michael Adams (USGS) has been funded to conduct surveys in Northern Oregon at historical sites
· USFWS R1 may have additional occurrence data for Southern Oregon, MidCoast, and East Cascades
· Steve (ODFW) has additional survey data
· Southern Oregon University may have additional data (Nadine has contacts)
· Karen Goldberg also has on going work. Kelli Van Norman gave money for southern range of frogs 
· Pat Lineback has most recent version of USFS database (updates biannually) 
· Ryan Peek may have most complete CA occurrence database 
· USFS has data associate with FERC relisencing that is relevant but not entered in the database yet 
· PG&E may have occurance data 
· Historical occurrences in Santa Cruz mountains, SC County may be able to provide current info (Chad)
· HerpNet VERTNET & BISION databases
· NMFS incidental survey data 

Follow up on FERC relicensing from the early 2000’s and see if they had improvements after the for friendly flow events. Check if there is  monitoring that could answer that question.

[bookmark: _Toc523903113][bookmark: _Toc20838984][bookmark: _Toc20839066][bookmark: _Toc20839229][bookmark: _Toc40351578]Next Steps 
A smaller ‘core team’, led by Mary Grim, will move forward compiling existing data on the species and reach out to experts to develop the outline of a conservation strategy by November of 2018.

[bookmark: _Toc523903114][bookmark: _Toc20838985][bookmark: _Toc20839067][bookmark: _Toc20839230][bookmark: _Toc40351579]Attendees 
	Attendee Name
	Affiliation
	Duty Station
	Email 

	Heidi Crowell
	FWS, Carlsbad Field Office
	Carlsbad
	heidi_crowell@fws.gov

	Andrea Currylow
	FWS, Carlsbad Field Office
	Carlsbad
	andrea_currylow@fws.gov

	Jeff Dillon
	FWS, Oregon office
	
	jeffrey_dillon@fws.gov

	Amy Darr
	Oregon Department of Fish and Wildlife
	
	Amy.E.Darr@state.or.us

	Holly Eddinger
	USFS, Region 5
	
	heddinger@fs.fed.us

	Mary Grim
	FWS, Region 8
	Sacramento
	mary_grim@fws.gov

	Rob Huff
	USFS & BLM, Oregon, Region 6
	
	rhuff@blm.gov

	Patti Krueger
	USFS, Region 5
	
	pkrueger@fs.fed.us

	Carolyn Kolstad
	FWS, Partners Program 
	Auburn 
	carolyn_kolstad@fws.gov

	Nadine Kanim
	FWS, Region 8
	Yreka
	nadine_kanim@fws.gov

	Claudia Mengelt
	FWS, Region 8
	Sacramento
	claudia_mengelt@fws.gov

	Chad Mitcham
	FWS, Region 8
	Ventura
	chad_mitcham@fws.gov

	Laura Patterson 
	California Department of Fish and Wildlife
	
	laura.patterson@wildlife.ca.gov

	Kat Powelson 
	FWS, Region 8
	Sacramento
	katherine_powelson@fws.gov

	Jill-Marie Seymour 
	FWS, Region 8
	Sacramento
	jill-marie_seymour@fws.gov

	Lusetta Sims
	USFS, Region 5
	
	lusettassims@fs.fed.us

	Karleen Vollherbst
	FWS, Partners Program
	Stone Lake NWR
	karleen_vollherbst@fws.gov

	Sheli Wingo
	FWS, Partners program
	Red Bluff
	sheli_wingo@fws.gov




[bookmark: _Toc523903115][bookmark: _Toc20838986][bookmark: _Toc20839068][bookmark: _Toc20839231][bookmark: _Toc40351580]Rapid SSA 
[bookmark: _Toc523903116][bookmark: _Toc20838987][bookmark: _Toc20839069][bookmark: _Toc20839232][bookmark: _Toc40351581]Taxon
1. Is the taxonomic nomenclature for the species well accepted?
Yes, based on the literature nomenclature has remained stable since 1955 (Hayes et al. 2017, pg 3). 
· There is new research on genetic structure but at this time we are unaware pending changes to the taxonomic nomenclature (Lind et al. 2011, McCartney-Melstad et al 2018).
· Foothill yellow-legged frogwas initially described as a full species by Baird (1854), but endured several name changes before it was commonly recognized as a distinct species in the family Ranidae (Zweifel 1955). 
· Main take homes from McCartney-Melstad et al. (2018): 
· We have good info on the how the population is geographically structured (5 clades).
· The depth of population structure is often extraordinarily deep, surpassing that found in any anuran for which similar data are available. 
· The critically imperiled southern populations harbor the greatest genetic variation and should be the target of particularly intense conservation efforts.

[bookmark: Range_and_Distribution][bookmark: _Toc523903117][bookmark: _Toc20838988][bookmark: _Toc20839070][bookmark: _Toc20839233][bookmark: _Toc40351582]Range and Distribution
2. Is the historical range/distribution well established/documented?
· Pre 1980, anecdotal information suggests foothill yellow-legged frog were common. In the 1980’s the species experienced extreme declines throughout its range. (Hayes et al. 2017, pg. 28-30). 
· Current surveys suggest foothill yellow-legged frogpopulations are in decline and the range is contracting most noticeably in its Southern end (Jennings 2006).

3. Is the current range/distribution well established/documented?
See attached maps 

· Oregon (OR)  data is not accurate on existing (CDFW Petition) map. Rob provided meeting attendees with OR occurrence map (see attached). 
· OR occurrence maps suggest that 1998 and 2008 that show considerable decrease, there is pockets in the Medford regions that appear to have decreased. It is unclear if this is a trend or a data gap.
· [bookmark: Individual_Needs]ODFW conducted a conservation assessment in 2009, which shows an approximate 30% range contraction, mostly in the northern part of range. Surveys of historical sites have been funded, and more occurrence data may exist (see action items).

[bookmark: _Toc523903118][bookmark: _Toc20838989][bookmark: _Toc20839071][bookmark: _Toc20839234][bookmark: _Toc40351583]Individual Needs
4. Do we know the life stages and understand the needs of the various life stages (e.g., life cycle, food needs, shelter needs, migratory, max age, microhabitat needs, feeding habitat, home range)? 

· This is understood for eggs, tadpoles, and adult life stages. Little is known about the needs of metamorphs (young of year) and overwintering adults. 

Life cycle (Hayes et al. 2015, pg 15-17) – Breeding occurs seasonally during a breeding window that lasts between 2-4 weeks. Oviposition occurs between late March and June, and embryonic development takes between 5- 30+ days. Tadpole life stage lasts for 3-4 months. Food (algae and diatoms), water temperatures, and genetics have all been shown to affect the rate at which tadpoles undergo metaphasis. Frogs reach sexual maturity in their first year, but usually do not reproduce until their second year following metamorphosis. The least understood aspect of foothill yellow-legged frog life history is the annual disappearance of frogs preceding overwintering.
--------------------
Food needs (Hayes et al. 2016, pg 16, 22) – Food needs vary by life stage. Tadpole rely on algae and diatoms, a diet high in specific diatoms may increase rate of metamorphosis. Juvenile foothill yellow-legged frogs are generalist predators primarily of insects; they eat mostly terrestrial but also aquatic invertebrates.

Migratory (Hayes et al. 2015, pg 21) – In general, adult frogs move furthest in the spring while moving to and away from breeding sites (Van Wagner 1996, Wheeler et al. 2006). Several studies found that females moved greater distances than males; females have been reported to move thousands of meters (Bourque 2008, GANDA 2008, Gonsolin 2010, Wheeler et al. 2006), with a maximum observed distance of 7 km (Bourque 2008). Movement was more restricted during the nonbreeding season (Van Wagner 1996), and males may remain near the breeding area for months after breeding activity ends (Wheeler et al. 2006). Frogs typically remained near the stream channel (<12 m), using watercourses as movement corridors (Bourque 2008). Movements in the spring were not associated with weather variables; however, fall/winter movements were associated with increasing rain and humidity (Bourque 2008). 
Juveniles and adults have been observed moving into upland habitats, off-channel pools, or smaller tributary streams during the nonbreeding season (GANDA 2008). Young-of-the-year metamorphs have been recaptured in upland traps during the fall (Twitty et al. 1967) and adults have also been observed moving upslope during fall rains (M. Hayes, personal observation, 1994) (Jennings 1990). Frog movement away from the river channel may be a behavioral response to avoid high discharge events, may represent movements into overwintering sites, or some combination of both.

Max age – Max age is estimated to be between 11-13 years (Hayes et al. 2016, pg 16-17). Mark-recapture on Cascades frogs in Trinity Alps found a 15 YO frog (MVH). 

Movement - Mostly do not know much about movements and upland movements. Frogs are easy to find in creeks but less investigations have been undertaken on ridges and outside of riparian areas. Telemetry studies are heavily weighted towards females that can carry transmitters. Only 3 movement studies. Potential that there is some sort of hibernation over winter based on anecdotal evidence. Mark-recapture on Cascades frogs in Trinity Alps found a 15 YO frog. RABO probably have similar life histories but we don’t know because of expense and duration of studies needed. Coastal plains and coastal drainage frogs are doing well but inland (i.e. Tehama County) has more bullfrog pressure. Bullfrog pressure is going to maintain current trajectory without extreme changes to current regulatory mechanisms. (MVH)


5. Do we understand the reproductive process and the needs for this to be successful (e.g., reproductive age, environmental or biological cues, specific habitat, specific resources needed, season, duration)? This topic is covered extensively in Hayes et al. 2016, pg 5-13).  
· The cues that trigger breeding are not fully understood and likely vary geographically. 
·  Flow rates are known to effect reproductive success and can cause direct mortality. 
· Not explosive breeders – protracted, coming in multiple pulses, usually with larger females breeding first


6. Of these individual needs, what things are most important to ensure persistence/survival of individuals?

Heidi clarified that this question is trying to get at t what are the critical things that the species must have to survive.  The participants developed the following list: 
· Appropriate water temperature
· Frog friendly flow regime – slow spring flow recession, no summer pulse flows
· Duration of water availability
· Substrate – needs change depending on life stages. Coble for egg deposition. Large boulders help 
· Uplands habitat - Nonbreeding season / upland use is not well understood but is likely an important need. Upland habitat likely provides thermal refugia and protection from high flows. 
· Basking sites -  sunlight needed, cover percent is not well know we think that is 30% 
· Food - Diatoms/ invertebrate community

[bookmark: Population_Needs][bookmark: _Toc523903119][bookmark: _Toc20838990][bookmark: _Toc20839072][bookmark: _Toc20839235][bookmark: _Toc40351584]Population Needs
7. Do we know the natural population functions (e.g., sex ratio, fecundity, survival rate, recruitment, genetic structure, mortality rate, minimum viable population)?
· What constitutes a population – probably need more research to provide precise answers. Areas of uncertainty include;
· Mortality rates at each life stage (the exception is eggs). 
· Sex ratio 
· Adult survival 
· Geographical variation of the above metrics

The existing research on these topics, including the following: 
· Genetic variation in foothill yellow-legged frog is highly structured along hydrologic boundaries (Lind et al. 2011).
· Reduced gene flow has been observed in populations separated by more than10 km (Dever 2007). 
· Several populations at the extremes of the geographic range were genetically distinct and may warrant conservation attention (Lind et al. 2011).
· Not a lot of long-term demography work is done anymore. Fecundity is fairly well known via egg mass counting per kilometer (MVH)

Workshop participants suggest review the below literature: 
· Kupferbeurg et al 2009 has a population viability model for SN populations and talks about major data gaps
· Ryan Peek’s recent work on the effects of barriers on genetics
· McCartney-Melstad paper – concern that linkage of Oregon populations to NCal is due to limited OR sampling

8. Do we know the habitat needs of a population (e.g., patch size, connectivity, minimum habitat size, wintering, migratory, breeding)? 

· Minimum patch or habitat size needed for a viable population is not known.
·  Riparian habitat (MVH) and frog friendly flow regimes are critical to supporting a foothill yellow-legged frogpopulation. Hydrologic disturbance is a major stressor in foothill yellow-legged frog populations (Kupferberg et al. 2009). 
· We know more about what isn’t working than what is working
· Seems that during winter adults will use pools in side channels
· Need main channel for breeding and refugia during high flow/dry periods which often occurs in side channels, 

9. Of these population needs, what things are most important to ensure persistence/survival of populations?        
· Riparian and large swaths of riparian for gene flow throughout the river system (MVH). Natural flow regimes (JB). 
· Review Ryan Peeks recent work on connectivity. 
[bookmark: Current_Condition_of_Populations][bookmark: _Toc523903120][bookmark: _Toc20838991][bookmark: _Toc20839073][bookmark: _Toc20839236][bookmark: _Toc40351585]Current Condition of Populations
The workshop participants chose to answer these questions for each of the 5 clades identified in McCartney-Melstad et al. (2018).
10. Do we have an understanding of what constitutes a population or metapopulation (e.g., the species is one population, multiple individual populations, meta-population, source vs. sink, core vs. non-core)? 
No, citations a reference are similar to those cited for question 7. 
11. Do we have survey or monitoring data available for the populations (population sizes, abundance, or density)? Are there any populations with long-term monitoring data? Has this data been analyzed?
12. Do we know if the populations are functioning as needed (e.g., sex ratio, fecundity, survival rate, recruitment, genetic structure, mortality rate, minimum viable population)?
13. Do we know if the habitat needs of a population are present (e.g., patch size, connectivity, minimum habitat size)?
We know what the needs are but sometimes the distribution is not that closely linked (e.g. Klamath) (JB).
14. Are the populations distributed in a way that parts of the distribution or some populations are likely to be independently affected by catastrophic events?
Yes (MVH, JB). 

15. Do we know if there are genetic or ecological variations across the species’ range?

· In Sierran rivers with hydroelectric projects and reservoirs spaced between study reaches, foothill yellow-legged frog populations had lower genetic diversity and greater genetic drift that was not associated with isolation by distance in comparison to free-flowing rivers within the same watersheds (Peek 2010)
· Genetic (mtDNA, RAPD) evidence has demonstrated significant isolation by distance between individuals greater than 10 km apart in a coastal river (Dever 2007).
· Main take homes from McCartney-Melstad et al. (2018): 
1. We have good info on the how the population is geographically structured (5 clades).
2. The depth of population structure is often extraordinarily deep, surpassing that found in any anuran for which similar data are available. 
3. The critically imperiled southern populations harbor the greatest genetic variation and should be the target of particularly intense conservation efforts.
· [bookmark: Threats_or_Risks]Little is known about the ecological variations (MVH).

Notes on Current Condition of the Population by Clade (questions 10-15): 
· Northwest – probably doing the best – high density of high masses over time
· South Fork Eel – longest running data set (Kupferbeurg)
· Mad River - egg mass surveys (in BIOS)
· High density of egg masses overtime observed in Mad River shows that the population is dense and stable.
· Potter Valley egg mass surveys completed by Spring River Ecological  
· Mendocino Redwood and Green Diamond have monitoring data for their lands
· OR monitoring has been spotty, but sense is they are declining (loss of occurrences)
· Data may exist to look into declines further, but its never been gathered and assessed in that way – USGS is interested in doing this
· Trend overall is likely downward, based on presences of stressors (invasive, hydro, closed canopy) and are not being abated
· NMFS does lots of salmonid survey work and might have incidental foothill yellow-legged frog survey data
· Other agencies may have this kind of incidental data also, but it isn’t getting entered into databases because foothill yellow-legged frog wasn’t the target of the effort
· Have seen some population decreases in stream reaches between dams – Spring Reserve
· Surveys below Lewiston Dam on Trinity has shown a reduction of egg masses the closer you get to the dams
· Eel River surveys has seen declines in some area associated with stranding and believed to be tied diversion of water for illegal marijuana cultivation
· Populations on the South Fork of the Trinity have been affected by illegal pesticides associated with illegal marijuana cultivation 
· None found in Northern part of range in BLM/Forest survey.

Northeast – declining – loss of populations
· USFS has not done specific surveys for foothill yellow-legged frog, we know where they based on incidental observations, but surveys may have missed them 
· FERC relicensing may have more data on occurrences and trends – Holly will follow up with USFS Hydropower Team – it’s probably not in NRIS
· PG&E may have data, specifically surveys along the North Fork Feather
· Plumas County – survey work and genetics, Cathy Brown and Karen Goldberg
· Ryan Peaks may have data also
· Need to talk to USFS aquatic biologists to identify places where frogs have been lost or are declining – Holly will follow-up
· Mary’s Note – From early 2000’s, I frequently saw adults and tadpoles in the North Fork American and Shirttail Creek drainages.  We considered them relatively large and stable, but would need more recent data.  There was also a stream on Downieville District with tons – Oregon Creek?
· In general, there has been pretty dramatic decline in the Sierras, and the further South (into Eastern clade) the more severe that trend is

Western Clade – extirpated from many places, variable condition in remaining populations
· Historical occurrences in Santa Cruz mountains – Chad will get contact, probably the County
· Aptos Creek Watershed – historical but no recent sightings
· Soquel CalFIRE Demonstration Forest – still present 
· Santa Clara/San Benito counties
· Coyote Creek Watershed 
· Lewis Creek
· San Carporofo Creek – tadpoles seen recently by Sam Sweet
· Los Padres Forest – 2 known locations, Holly will follow-up
· Pretty sure they are gone from Contra Costa Co.
· In Monterey and San Luis counties the USFS manages most of the lands they may occur on 

	Eastern Clade – declining (loss of occurrences), probably worse condition then the 
· Gone from Yosemite
· Need to check with NPS also – KCS and YOS (Kat Powelson confirmed extirpation with staff after the workshop. They added that there is a population at the edge of the park boundary in the Tuolumne River)
· Yosemite has applied for a permit to collect and reintroduce foothill yellow-legged frogs 
· One population reproducing in Tulare
· Gone from Kern County
· No longer in Sequoia Kings Canyon National Forest
· Isolated sightings in Sequoia NF
· Jose Creek (trib to San Joaquin River) – USGS cites small but stable population
· Above hydropower facility and limited human access
· Generally, populations are small, isolated and should be considered at risk
· Might be a population up in the Merced drainage, but Holly’s recollections is from early 2000s
	
	Southwestern Clade – Doing poorly, but potential for reintroductions
· Lots of surveys done recently in Southern California by UCSB PhD student 
· Heart Castle property
· Fort Hunter Legget
· Assumed extirpated in Santa Barbara Co
· Not seen in San Gabriel Mts since the 70s – Glenn Stewart work
· Potential for translocations in SoCal – belief that losses were related to chytrid (BD) in 70s but the watersheds are doing well
· Range wide, losses are greatest at lower elevations and latitudes

Threats or Risks 
16. Do we know the past threats to the species? Do we know if these threats are still impacting the species?
17. Do we know the current threat to the species? Do we know which of these threats will continue into the future?
18. Do we know the likelihood of these threats occurring? 
19. Do we understand the impacts to the species from these threats? (Hayes et al. 2016)
20. What are the stochastic events that could put populations at risk and how likely are they to occur?
21. How is climate change affecting the species or exacerbating the impacts to the species (e.g., increased temps, increased evaporation, change in timing and amount of precipitation, increase drought)?

Summary on discussion of questions 16-21: 

· The workshop participants agree that most severe stressors for foothill yellow-legged frog are: 
· Agriculture and Cattle Grazing (varies regionally, not all grazing is harmful) 
· Climate change
· Habitat Loss, mainly resulting from water impoundments and harmful irrigation practices 
· Habitat loss, urbanization, and fragmentation 
· Introduced species
· Mining
· Water development and diversion 

· Potential stressors to focus conservation planning on:
· Water development and associated stressors (need to discuss how this stress varies across the range) :
· Habitat loss and impoundment
· Flow alteration downstream
· Flushing flows
· Desiccation
· Provides habitat for invasive species
· Timing of cold water releases	
· Climate change 
· Drought  - Dewatering/ lack of flow is a problem everywhere. Seasonally less and less water downstream.  Reservoir operators are holding back water earlier and earlier because of the snowpack. 
· Steve Railsback has recent work on flows that we should consider. 
· Urbanization in some places (SN foothills, west and southwest regions)
· Invasive species 

· Other stressors discussed included:
· Pesticides – likely a synergistic effect with other stressors
· Recreation – jet boats in OR dislodges egg masses

[bookmark: Conservation_Actions][bookmark: _Toc523903121][bookmark: _Toc20838992][bookmark: _Toc20839074][bookmark: _Toc20839237][bookmark: _Toc40351586]Conservation Actions
22. Are there conservation actions being implemented? Are these actions addressing the threats? 
· On the North Fork Feather in Plumas National Forest Colin Dillingham is doing a study of direct interventions including two years of tadpole head starting. A whole slew of actions in Plumas NF. This project is part of the ERC as part of FERC relicensing.
· Sac Zoo needed funding to update facilities. CDFW is doing quarters for conservation to help raise frogs
· Tahoe and the Tuolumne have negotiated well for frog friendly flows 
· Green Diamond has done canopy treatments to improve habitat
· Dam removal – Klamath removal could benefit (pre/post surveys needed)

23. Are there proposed future conservation actions? Do we have confidence that these will be implemented and address threats?
· We could leverage salmonid restorations to benefit foothill yellow-legged frog 
· Yankalah spill money from ODFW, that could be used on western pond turtle and foothill yellow-legged frog. 
· Trinity River Project is ongoing. Jennifer Norris may know if there is information on their presence there
· Culvert replacements can benefit also
· Santa Cruz HCP includes habitat improvements projects could benefit foothill yellow-legged frog in the long run
· Sierra Meadows Project – overlap with habitat may be minor, and no projects identified yet
· CDFW would not permit bringing animals into a location unless most of the threats had been removed. Frog friendly hydrograph was is need to make relocation make sense

24. Are there existing regulatory protections for this species? Are they effective?
· In Humboldt County there are in-stream gravel mining regulations, regulations are county by county (MVH).
· Candidate species under CESA. 
· BLM and USFS has lots of regulatory mechanisms in place that already helps – riparian buffers and watershed protection
· SIGMA could result in benefits to foothill yellow-legged frog 

[bookmark: Analysis][bookmark: _Toc523903122][bookmark: _Toc20838993][bookmark: _Toc20839075][bookmark: _Toc20839238][bookmark: _Toc40351587]Analysis
25. Are there existing modeling efforts for this species (e.g., PVA, persistence probabilities) or existing status assessments? If so, what is our confidence in these?
Work has been done, discussion needed on what efforts are the most trusted. 
· PGE is doing some work
· Habitat modeling – HIS and flow with FERC 
· Habitat modeling included in OR assessment
· Kupferburg, Lind and Palin 2009 – PVA 

26. Is survey data, current and historic range and distribution, or other spatial information about the species in GIS format?
· 6000 egg masses in CNDDB from Michael van Hattem. 
· Ryan Peek may have the most comprehensive/ current set of occurrence data
· By September 95% of foothill yellow-legged frog data that the state has will be in CNDDB
· USFS share their data with USFWS biannually
· Oregon Biodiversity Database  is supposed to house everybody’s data but it is often not complete
· There are paper data sheets that the USFS has in Oregon

[bookmark: External_Communication_and_Cooperation][bookmark: _Toc523903123][bookmark: _Toc20838994][bookmark: _Toc20839076][bookmark: _Toc20839239][bookmark: _Toc40351588]External Communication and Cooperation
27. What is the level of interest for this species from our state and Federal partners, private stakeholders, NGOs, etc.? What level of coordination or involvement do we think is warranted?
High interest due to CESA which provides immediate protection under candidacy. High level of coordination and more than is currently happening (JB). 


28. Who are the primary experts related to this species and its ecology?

	Amy Lind
	US USFS

	Don Ashton
	US Geological Survey 

	Jamie Bettaso
	US USFS

	Laura Patterson
	California Department of Fish and Wildlife

	Mallory Bedwell
	Washington State University

	Mike Van Hattem
	California Department of Fish and Wildlife

	Ryan Bourque
	California Department of Fish and Wildlife

	Ryan Peek
	University of California Davis

	Sarah Kupferberg
	Questa Engineering

	Sarah Yarnell
	University of California Davis

	Steve Railsback
	Lang, Railsback, and Associates
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[bookmark: _Toc20838998][bookmark: _Toc20839080][bookmark: _Toc20839243][bookmark: _Toc40351591]Introduction
[bookmark: _Hlk57981793]On April 30th, 2019 the US Fish and Wildlife Service (USFWS) convened partners (Table 1). in the Southern Sierras Foothills to discuss local threats, conservation opportunities, and research needs for foothill yellow-legged frog (Rana boylii). The Southern Sierra Foothill region was previously identified by partners and species experts as a priority area to invest in conservation actions and research to benefit foothill yellow-legged frog. The goal of this meeting was, to identify proactive conservation opportunities and the best available science for foothill yellow-legged frog in the Southern Sierra Foothill region. 
The meeting began with an introduction by Claudia Mengelt that included:
· Summary of the goals and objects of USFWS at-risk species program 
· A review of the 3 R’s (Resilience, Redundancy, and Representation) Framework, 
· A reminder of the conservation assessment completed by USFS that is currently the most up to date synthesis on the status of the foothill yellow-legged frog in California link
Over lunch Colin Dillingham (USFS - Plumas NF) presented an overview and preliminary results from an ongoing foothill yellow-legged frog in-situ rearing project. 
There remainder of the meeting was spent discussing the Southern Sierra Foothill region, and the Upper Mokelumne, Upper Stanislaus, Upper Tuolumne, Upper Merced, Upper San Joaquin, and Upper Kern Watersheds (HUC 08). Below is a summary of those discussions. 
[bookmark: _Toc20838999][bookmark: _Toc20839081][bookmark: _Toc20839244][bookmark: _Toc40351592]Regional Stressors 
· Chemical exposure - Sublethal exposure to agricultural chemicals is a stressor for foothill yellow-legged frog  in the Southern Sierra region. Pat Kleeman (USGS) provided literature that should be considered as part of the Species Status Assessment (SSA). Research need: A comparative study of water quality (pesticide load) within streams could be completed to prioritize streams for remediations. 
· Disease (BD) – It is unknown what role BD has played in foothill yellow-legged frog declines in this region. BD is likely wide spread.  
· Climate Change (drought) – In addition to dams, foothill yellow-legged frog in this region are vulnerable to intermittent drying of creeks during drought. In this region there is anecdotal evidence that this stressor has caused extirpations.  
· Isolation – foothill yellow-legged frog have been lost or seen population reductions in the mainstem rivers in this region. Remaining populations are mostly in the tributaries which has likely reduced the geneflow and genetic diversity of foothill yellow-legged frog in this region. Conservation strategies for this region should aim to increase connectivity between extant populations.   
[bookmark: _Toc20839000][bookmark: _Toc20839082][bookmark: _Toc20839245][bookmark: _Toc40351593]Regional Conservation Needs 
· Across all watersheds there is a need to protect and improve the resiliency of existing foothill yellow-legged frog populations 
· Support for USFS to do eDNA surveys as part of regularly scheduled fieldwork   
· Bullfrog removal 
· A regional prioritization of areas to invest in conservation and foothill yellow-legged frog surveys. Potentially prioritize 1) areas where management is feasible, 2) populations where if we do not do something soon, they could blink out, and/or 3) target populations that have capacity to expand up or down in watershed. 
[bookmark: _Toc20839001][bookmark: _Toc20839083][bookmark: _Toc20839246][bookmark: _Toc40351594]Watershed Discussions 
Upper Mokelumne
Survey Needs 
· Surveys above Salt Springs reservoir and in tributaries would improve our understanding of foothill yellow-legged frog abundance in this region.  Dense vegetation and steep terrain could make surveys in this area difficult.  
· Current survey information only covers a small region of this watershed (mainstem Mokelumne). Increased survey effort in the tributaries would show if there are additional populations in this watershed.  
Altered Hydrology 
PG&E is the dam operator of the Salt Springs dam on the mainstem of the Mokelumne. There is an ecological resource committee (ERC) that is made up of agencies and interest groups that make decisions about flows every year. The ERC has been experimenting with pre-releases and has invested in a lot of monitoring. The population seems like it may be doing well in this area (the mainstem between Mill and Green Creeks), the ERC maybe open to suggestions on how to approach manage flows to improve foothill yellow-legged frog populations.  
Invasive Species 
Invasive species are thought to be a major stressor in this geography. Bullfrogs (Lithobates catesbeianus) are prevalent throughout the watershed. There may be good foothill yellow-legged frog habitat on the western side of the watershed in lower elevations, but bullfrogs are abundant in that region partiality because of stock ponds. 
Land-use Change 
Cannabis cultivation may be increasing in this area. There may be private landowners interested in foothill yellow-legged frog conservation in the western reach.
Conservation Opportunities 
· If we can confirm that there is an extant population at Indian Grinding Rock SP it may be good to focus on invasive removal or restoration in that area. 
· Work with willing land owners in the western reach
· Resurvey tributaries 
· Bullfrog and invasive control needed 

Upper Stanislaus
Survey Needs
· Sierra Pacific Industries are surveying in Beaver, Griswald, and Soap Creeks and there are recent occurrences there. 
· Rose Creek is being monitored regularly by USGS (Pat Kleeman) but there not recent (post 2010’s) occurrences.  The population was healthy in this creek, but it is gone now. This population was heavily impacted by suction mining before the moratorium began.
· The South Fork Stanislaus should be a high priority area to be re-surveyed, there has many historic occurrences, but no one knows of recent or ongoing survey efforts. PG&E may have surveyed recently, but not known.  

Invasive Species 
Invasive species including bullfrogs are a known and prevalent stressor in this watershed. South Fork Stanislaus is heavily impacted by bass as well.   
Altered Hydrology 
· Eagle Creek had a population, but it went dry 2014-2016 and now there do not see there.
· Tributaries going dry could be affecting foothill yellow-legged frog in this watershed.
Conservation Opportunities 
· Explore restoration and reintroduction for Rose Creek and South Fork Stanislaus 

Upper Tuolumne 
Survey Needs
There are a few areas that are being regularly monitored including Grapevine Creek (USGS) and the population near early intake. There are several creeks (e.g. Bull Meadow Creek, Clavey River) where meeting participants have seen frogs more recently than the map indicates. 
Altered Hydrology
· San Francisco Public Utility Commission (SFPUC) is working on implementing functional flows from O’ Shaughnessy Dam. 
· Cherry Valley Dam releases daily pulse flows for rafting, which is a big stressor for Elanor and Cherry creeks. 
· North Fork Tuolumne went dry in 2015/2016 which reduced the number of non-native species and foothill yellow-legged frogs.  
Invasive Species 
· Yosemite National Park has invested in bullfrog removal in this watershed, mostly in the park. Were implemented bullfrog removal has been extremely successful (publication in review), as a result there this stress is not uniform across the watershed. 
Research and Conservation Needs:
· Grapevine Creek – Not heavily impacted by bullfrogs, natural restoration from landslide occurred recently USGS is conducting some monitoring. 
· There is evidence of a very small breeding population near the early in-take. Bullfrog removal was recently completed in this area. However, there are still non-native fish and a large garter snake population. At this site, in-situ rearing may be good strategy to improve recruitment. There is a partnership in place that can support efforts in this area (NPS & SFPUC)
·  Research need: How late the frogs can undergo metamorphosis and survive into the next year? Figuring out first year survival is difficult to figure out. This information could inform models that SFUC is using to time releases. 
· Clavey River is one of the most ecologically intact rivers in this watershed so it may be a good spot to invest in conservation 
· Need to do BD swabs in this area 
· Develop BMPs for bullfrog removal
Upper Merced 
Survey Needs
There are very few recent (post 2010) occurrences in this watershed. This watershed is only minimally impacted by dams, bullfrogs are considered the primary stressor. The lack of recent documented occurrences may be due to survey bias. There have been no recent surveys in the creeks that had populations in the early 2000’s.
In 2018 foothill yellow-legged frog were detected in Sherlock Creek using eDNA. [Post meeting follow up: This population is known to BLM] 
Bull Creek population has been presumed extirpated since 2007.
Invasive Species 
· Bullfrogs are a primary stressor in this watershed. 
· Bull Creek population may be extirpated, bullfrogs are likely the primary stressor. 
· Bean Creek and Smith Creek there are no current occurrences but there are lots of bullfrogs.
· Stock pond management would be important to consider in this region if there is an effort made to eradicate bullfrogs. 
[bookmark: _Hlk8200525]Conservation Opportunities 
· Follow up on Sherlock Creek eDNA detection and identify if there are other conservation actions that could benefit that population. 
· Survey (likely eDNA) and bullfrog eradication at Bull Creek, Bean Creek, and Smith Creek. 
· Bullfrog eradication  
Upper San Joaquin
[bookmark: _Hlk8200504]Survey
Jose Creek is the only foothill yellow-legged frog population left on the Sierra NF. Surveys in this area maybe be hazardous due to tree mortality in the area. 
Invasive Species 
Bullfrogs are present throughout the watershed. In addition, sunfish and bass are present in San Jose Creek. 
Altered Hydrology
· Mainstem between Willow Creek and Italian Bar is essentially a lake because of flow regulation. 
· Jose Creek’s hydrology is rain dominated (no altered hydrology except climate change)
· Intermittent drying in the upper part---condenses foothill yellow-legged frog population into an area with slippery bedrock which is susceptible to harsher flows.
Sedimentation 
This area is experiencing high rates of sedimentation because of to OHV use, tree mortality, and fire. 
Conservation Opportunities 
· Invasives control  
· Sediment management
Upper Kern 
Survey Needs
· There have not been surveys on the mainstem Kern, so we should not assume that they are not present. The terrain in this region is steep, which complicates survey efforts. 
· The two known populations (JYWood, and Ash Creek) are isolated and on a very steep cliff. This is atypical habitat.  Surveys around this area in 1993/4 did not detect any other populations. 
Invasive Species 
· There was a lot of historic stocking of non-native fish in this watershed but that is no longer happening. 
· There are not a lot of bullfrogs in this watershed. 
Conservation Opportunities 
· Survey upper Kern to identify any additional extant populations 
· Consider doing surveys on Fine Gold Creek
· Continue to monitor existing population and collect swabs for BD testing 
· Maybe able to leverage native fish restoration efforts that are ongoing in this watershed 

[bookmark: _Toc20839002][bookmark: _Toc20839084][bookmark: _Toc20839247][bookmark: _Toc40351595]Additional Actions 
Survey Needs
· Coordinate with USFS to make sure that all their most recent occurrence data is in the database 
· Prioritize survey locations and work with USFS and other partners to support eDNA surveys in priority areas 
Invasive Control 
· Prioritized hydrologically isolated areas for bullfrog removal
· Explore the use of in-situ rearing 

Research Needs
· Research high spring flows (or other changes) effectiveness in flushing and reducing invasive species.
· Chemical assays for each stream to prioritize were we focus potential remediation efforts
· Prioritized hydrologically isolated areas for bullfrog removal

[bookmark: _Ref7697894]Table 1. Meeting Attendees (Name), professional affiliation (Affiliation), and email address (Email) 
	Name 
	Affiliation 
	Email

	Amy Lind 
	USFS – Tahoe & Plumas NF
	alind@fs.fed.us

	Ann Roberts 
	USFS
	annroberts@fs.fed.us

	Anae Otto 
	USFS – Sierra NF
	aotto@fs.fed.us

	Bill Sears 
	SF Public Utility Commission
	WSears@sfwater.org

	Carolyn Kolstad 
	USFWS – Partners Program 
	carolyn_kolstad@fws.gov

	Claudia Mengelt 
	USFWS – Science Applications
	claudia_mengelt@fws.gov

	Colleen Kamoroff 
	National Park Service - Yosemite NP 
	colleen_kamoroff@nps.gov

	Don Ashton
	foothill yellow-legged frog Expert 
	ashton.don@gmail.com 

	Holly Eddinger
	USFS 
	heddinger@fs.fed.us

	Jill-Marie Seymour 
	USFWS - SFWO
	jill-marie_seymour@fws.gov

	John Meriwether 
	USFWS – Partners Program 
	john_meriwether@fws.gov

	Karleen Volherbst 
	USFWS – Partners Program 
	karleen_vollherbst@fws.gov

	Kat Powelson 
	USFWS – Science Applications
	katherine_powelson@fws.gov

	Mary Grim 
	USFWS – At-risk species
	mary_grim@fws.gov

	Margarita Gordus
	CDFW
	Margarita.Gordus@wildlife.ca.gov

	Melissa Odell 
	Sierra Foothill Conservancy 
	melissa@sierrafoothill.org

	Nadine Kanim 
	USFWS – YFWO 
	nadine_kanim@fws.gov

	Nina Hemphill 
	USFS – Sequoia NF
	nphemphill@fs.fed.us

	Eric Guzman
	CDFW
	Eric.Guzman@wildlife.ca.gov

	Ryan Peek 
	UC Davis
	rapeek@ucdavis.edu

	Sarah Kupferberg
	Foothill yellow-legged frog Expert 
	skupferberg@gmail.com 

	Stephanie Barnes 
	USFS – Sierra NF 
	slbarnes@fs.fed.us

	Stephanie Prevost
	USFWS -SFWO
	stephanie_prevost@fws.gov

	Steven Holdeman 
	USFS – Stanislaus NF
	sholdeman@fs.fed.us

	Tina Hopkins 
	USFS
	thopkins@fs.fed.us

	Vicki Davis 
	USFS
	vickidavis@fs.fed.us

	Laura Patterson
	CDFW
	Laura.Patterson@wildlife.ca.gov

	Pat Kleeman 
	US Geological Survey 
	pkleeman@usgs.gov
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