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The foothill yellow-legged frog (Rana boylii) is a US Bureau of Land Management Special Status Species in Oregon and US Forest Service Sensitive Species in Region 6 (Interagency Special Status and Sensitive Species Program, ISSSSP; information available at http://www.fs.fed.us/r6/sfpnw/issssp/). Oregon represents the northern extent of the species distribution, and is a region with noted declines. Borisenko and Hayes (1999) estimated that about half of the known historic locations were extant during a resurvey effort conducted in the late 1990’s. They did not detect the species from many historic northern or southeastern sites in Oregon. The federal Conservation Assessment for this species (Olson and Davis 2007) identified inventories for distribution of the species in the northern extent of its range as a “First Priority” information gap. The Oregon Department of Fish and Wildlife (ODFW) also identified increasing our knowledge of the species distribution in the northern part of the range as a priority. ODFW contracted surveys for this species in the northern Cascade Range portion of the species range in 2006 and 2007 (C. Rombough, pers. commun.). To complement this effort, the federal ISSSSP funded surveys in the northern Coast Range portion of the species range. Herein, we describe the survey approach for this federal effort, including a description of the survey site selection process and field sampling protocol used.
· The objective of the 2007 federal survey effort is to advance our understanding of the northern distribution of the foothill yellow-legged frog on federal lands in Oregon, with a focus on the Coast Range. 

Methods

Site Selection

Our sampled landscape was framed by the grouping of  5th-field watersheds (5th-level hydrologic unit code, see http://water.usgs.gov/GIS/huc.html) that were: 1) northward of most recently known sites delineated by a 95% kernel for recent consolidated sites (presence data: 1990 to 2006); and 2) identified as having “optimal” habitat on Federal lands according to a newly developed habitat suitability model (Appendix 1 in Olson and Davis 2007), such that their habitat suitability scores were >75 (see Figure 1-6 in Appendix 1 of Olson and Davis 2007). Our area for sampling has a Coast Range emphasis (Coast Range Zone, Figure 1) due to ongoing sampling by ODFW in the Cascade Range northeast of Eugene, Oregon. However, we also identified areas for opportunistic sampling by our field crews in the Cascade Zone south of this ongoing survey effort by ODFW (Figure 1). 
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Figure 1. Survey area for Rana boylii surveys in 2007.  Focal area will be in Coast Range.
The survey area covers about 935,000 hectares, of which 618,000 ha occurs in the Coast Range Zone.  There are thirteen 5th-field watersheds in the Coast Range Zone and eight within the Cascade Zone. The distribution and density of modeled suitable habitat (HS>40) within these watersheds is much different in the Coast Range portion of the survey area than in the Cascade portion (see Figure 2).  Modeled suitable habitat in the Cascade portion is “clumpier”, and confined to just a few river and stream reaches.  Survey reach selection differed between these two zones, and a stratified random selection process was used for the Coast Range Zone, while “purposive” surveys were conducted in the Cascade Zone, focusing on the few federal reaches modeled as optimal habitat. 
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Figure 2.  Survey area showing modeled habitat and Borisenko and Hayes data (1999).  The white lines represent 5th-field watershed boundaries.
For the Coast Range Zone, we randomly selected two federal sites from each 5th-field watershed, and non-randomly selected 1-3 federal sites within the Cascades zone (based on availability).  This number of survey reaches was chosen for sampling because it was estimated that it would likely be the maximum our field crew would be able to survey, given our resources in 2007. 
For the Coast Range Zone, additional criteria were imposed within 5th-field watersheds during site selection to ensure we could conduct our survey effectively and would not be surveying sites that were close to each other.

· We excluded optimal modeled habitats that likely have been inundated by water impoundments (e.g., at Fern Ridge Reservoir) 
· The minimum stream reach length of our sample is 0.5 km, so a 0.5-km stream, distance within federal lands that included at least one segment of optimal habitat was necessary at the random point.
· The section of reach(es) at a random point was(were) chosen to include areas of both optimal (HS: Habitat Suitability > 75) and suitable (40 < HS < 75) habitats, as possible from the habitat suitability map of the reach on Federal land.
· The 2nd randomly selected site within each watershed needed to fulfill criteria of separation from the first site, so sampling did not represent the same immediate area:
· A 2-km buffer was applied to the first location, and the 2nd random point could not be located within this buffer. Two kilometers was used because it has been estimated that this species may be able to travel 800 m along a stream channel (C. Rombough, pers. commun.). A 1-km distance would reduce the likelihood of a frog being able to move easily from one selected area to another. We similarly applied a 1-km buffer to the second random point and associated reach, and the combined buffers equaled 2 km. Hence, the 2nd random point was at least 2 km distant from the first point.  

· If no areas of optimal habitat met these criteria within the watershed, a 2nd point was not surveyed.
We conducted random site selection using these criteria and 25 survey locations were identified for surveys in the Coast Range Zone (Figure 3). At these 25 locations, optimal and suitable habitat appear to extend along continuous reaches covering 31 stream miles (49 km) on federal lands (Table 1).  This is the maximum stream length we expect to be sampled, with a minimum of a 0.5-km reach sampled per location. Due to lack of modeled optimal habitat on federal lands, only one site was selected in the Wildcat Creek watershed (Table 1).  A total of 12 survey sites, covering 10 miles (16 km), were non-randomly selected from the Cascade Zone.
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Figure 3.  Map of survey locations (reaches) selected randomly in the Coast Range zone, and purposefully in the Cascades zone.

Field Sampling Protocol
Whereas sampling for detection is the objective of the survey protocol, the following approach will also yield relative abundance information, general demographic data and general habitat characteristics among sampled sites.  During late July, August, and early September 2007, selected stream reaches will be sampled during days with low wind, sunny skies and maximum air temperatures >75(F. These dates coincide with greater likelihood of frog detection, because frog detectability can be lower after oviposition and larval detectability is lower immediately after hatching; also late-afternoon sampling will not be conducted because frog detectability is lower at that time (C. Rombough, pers. commun.). Sampling will be conducted in either an upstream or downstream direction by a 2-person field crew.  Upstream is the preferred direction, if feasible given the road-stream crossing location relative to the location of modeled optimal habitat.  Both surveyors will be located on one stream bank, and will visually search for frogs while walking. One person will walk ahead of the other and visually scan upstream for frogs, particularly those moving at the stream-bank interface. The 2nd person will follow, looking in the more immediate area and will look for eggs, larvae, and metamorphosed froglets and frogs in the water.  When searching for larvae, their feces on the stream bottom may be an important indicator of presence, which may then be detected by flipping rocks; most frogs may be expected to be seen within 1 m of water (C. Rombough, pers. commun.). The start point of each survey will be monumented by a flasher and flagging tape, and if possible, recording the coordinates from a Global Positioning System (GPS). The ending point will be similarly monumented. A minimum stream distance of 0.5 km will be sampled per site, and this reach monumented. Either a string box, meter tape or GPS unit will be used to determine the 0.5-km stream distance sampled. As possible due to optimal-suitable habitat availability and time, the field crew may sample an additional stream distance per site, measuring the distance covered, and recording the supplemental sample separately. The final end point of the survey will be monumented.

When eggs, larvae, juvenile or adult frogs are observed, they will be captured for species identification and collection of photographic vouchers.  If the field crew is confident that subsequent observations from initial captures are the same species, they do not need to capture all animals seen. Haphazard captures to confirm species identification will be conducted though.  The number of Rana boylii of each life history stage (egg, larva, froglet [< ~18-35 mm], frog) observed in/along the stream reach will be tallied.  As possible, GPS locations will be determined, and frog sites monumented with flags and/or flashers. Frogs will not be measured or marked as part of this inventory, and will be released at the capture location. Frogs that cannot be captured will be noted. Other species of amphibian, reptile or fish detected during the survey will be recorded. GPS coordinates of introduced species (smallmouth bass or bullfrog) or rare species (king snakes) locations will be collected, as possible. Between sampling of different reaches, field gear including boots and nets will be disinfected with a bleach solution.

General habitat information will be recorded per reach sampled, including a visual estimate of average wetted width of stream channel, stream depth, dominant and subdominant substrates, and bank characteristics (substrate, vegetation). At frog locations, these attributes will be similarly noted, and contrasted to the larger stream reach sampled.

Rana boylii locality data will be entered into the federal agency databases, GeoBob for locations on BLM lands, and NRIS for locations on Forest Service lands. 

Results

Coast Range

In the Coast Range, we surveyed 24 of 25 randomly selected sites (Table 2). One site was inaccessible due to landowner issues that appeared to be potential safety concerns for our field crew. One other of the original sites selected was found to have ongoing instream fish structure construction, and hence we replaced that reach with a nearby alternative.  We surveyed an average stream length of 1 km per site (19 sites at 1 km, range 0.5 to 2.26 km), and a total stream length of 24.75 km.  No Rana boylii were detected. 
The most frequently found species (Table 4) included rough-skinned newts (Taricha granulosa) and Pacific giant salamanders (Dicamptodon tenebrosus), with fish being present in all but one, and sculpins present in about 60% of sites and crayfish in almost 90% of sites. 
Habitat conditions at surveyed sites included streams with a variety of widths, dominant substrates and canopy closures (Table 2). Four sites were small, with stream widths < 2 m. Average stream width was about 6 m, and the largest surveyed stream in the Coast Range was 18 m wide. Many sites lacked interstitial spaces in the substrate or bank conditions that may serve as frog refugia due to fine substrates (25% of sites) or bedrock (17%).  Cattle were evident at 2 sites, one of which had severely eroded stream banks and instream conditions. Habitat conditions made surveying difficult at 20 of 24 sites due to swampy conditions, poor light conditions (e.g., closed canopy), or overhanging shrubs occluding the stream channel.
Cascade Range

In the Cascade Zone, we surveyed 17 of 18 stream reaches identified (Table 3) totaling 10 km of stream length (0.13 to 1.0 km per site).  Five of 17 reaches had issues that may have affected surveys, such as steep banks or thick brush along banks. No Rana boylii were detected. 
Fewer animals were seen in the Cascades, compared with Coast Range sites (Table 3). Pacific treefrogs (Pseudacris regilla) were relatively abundant at 2 sites. Invasive bullfrogs (Rana catesbeiana) were present at 2 sites, and were relatively abundant at one site. Fish were present at 17 of 18 sites.

Habitat conditions were variable among reaches (Table 3). Stream reaches ranged from 1 to 32.5 m wide, and had lower levels of canopy closure compared to coastal streams (mean 31%, range 2.5-95%). Dominant substrates included fewer fines (12% silt and sand) but about the same amount of bedrock (23%) as coastal streams surveyed. 
Discussion
Lack of detection of Rana boylii in our survey effort may have several causes. First, the main objective of our survey effort was to see how far north this species currently occurs on federal lands in the Oregon Coast Range. While some historic observations of this frog have been recorded in our survey area, it is possible that these frogs no longer extend this far north on federal lands in the Coast Range, and our survey area in the Cascades may represent a gap in distribution. However, lack of any frog sightings during our survey is insufficient to conclude that we have already documented the species’ north-coastal range boundary, because we only surveyed federal lands, and we have not eliminated alternative explanations for lack of frog detections. 
Second, a single site visit may be insufficient to detect rare frogs.  Our sampling reaches were relatively short (minimum length 0.5 km), and may have missed a patchily occurring population.  However, we are confident that if a substantial population occurred within our sampled stream reaches, we would have noted their presence. Reach locations chosen for survey had modeled optimum habitat, and were expected to have some of the better habitat conditions within the 5th field watersheds surveyed.  A second site visit to these same reaches might be considered in subsequent years, however, we recommend that if funds are limiting that they be directed instead to the field validation of the habitat model. 
Third, the sites we surveyed in 2007 were selected based on a habitat model derived from coarse (1 hectare resolution) landscape-scale metrics available from remote sensed data sources (e.g., Landsat TM) and other Geographic Information Services datasets.  Data sources for potentially important habitat conditions, such as stream substrate, stream width, embeddedness, and understory brush cover are currently not available.  To what extent this effects the accuracy of the habitat model is unknown.  Landscape-scale features may have been insufficient to capture likely frog habitats which occur at finer spatial scales, and over prediction of habitat may be occurring. This is supported by many of the surveyed sites being streams with small widths, having fine substrates, and being occluded by finer-scale bank or overstory vegetation.  These stream reach characteristics are not those usually noted with Rana boylii occupancy (larger streams, rocky substrates, open canopy areas, etc).  As a result of this year’s field surveys, the model will be field validated in 2008 by surveying the “core area” of frog presence (to obtain sufficient sample sizes of detections) to better assess its predictive accuracy.  
Fourth, it is possible that the habitat model fairly predicts occurrence of suitable habitat (at least historic habitat), however, one or more of the identified threats to this species (Olson and Davis 2007) have resulted in the decline of this species in our survey area. These threats include habitat degradation due to roads or agricultural activities, hydropower and stream impoundments – and these variables were not used in the habitat modeling. Cattle grazing was noted at a couple of sites, and one site had remarkable bank erosion and stream impact due to apparent cattle use.

Lastly, there may be interspecific interactions between species we found and Rana boylii that may explain the absence of Rana boylii.  By competitive interactions or predation, Rana boylii may be displaced by native red-legged frogs, rough skinned newts, or garter snakes, or introduced bass or bullfrogs (again, these variables were not factored into the habitat model).  It has been postulated for other amphibians that occur across gradients of conditions, such as the suite of environmental changes that occur with latitude, that near the limits of their distribution, they can be displaced by close relatives that are better adapted to local conditions. While interactions between Rana boylii and R. aurora are not well documented, this might be a factor in their often complementary distribution patterns in Oregon. Rough-skinned newts are known predators of anuran eggs (Olson, personal observations), and garter snakes readily prey on this species in California. In addition, the presence of pond-breeding amphibians such as red-legged frogs and rough-skinned newts suggests that habitat may not have been suitable for the stream-breeding Rana boylii, but it could also indicate areas where Rana boylii is at a disadvantage relative to competition or predation. Whether or not these other species might displace Rana boylii from sites is only conjecture at this time and warrants testing.
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Table 1. Initial list of stream reaches selected for surveys during the 2007 field season. Distance measures indicate the stream reach of modeled optimal and suitable habitat available for survey as represented in GIS. Wolf Creek is also known as Rader Creek.
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Poodle Creek

BLM

Eugene District

Long Tom River

Coast

1.32

2.12

Wildcat Creek

BLM

Eugene District

Wildcat Creek

Coast

1.6

2.57

Gall Creek

BLM

Eugene District

Wolf Creek

Coast

0.46

0.74

Wolf Creek

BLM

Eugene District

Wolf Creek

Coast

0.88

1.41

Oat Creek

BLM

Eugene District

Wolf Creek

Coast

0.15

0.25

Coyote Creek

BLM

Eugene District

Long Tom River

Coast

0.34

0.54

Coyote Creek

BLM

Eugene District

Long Tom River

Coast

0.05

0.08

Oat Creek

BLM

Eugene District

Wolf Creek

Coast

0.94

1.51

West Fork Smith River

BLM

Coos Bay District

Lower Smith River

Coast

1.22

1.97

West Fork Smith River

BLM

Coos Bay District

Lower Smith River

Coast

2.2

3.54

China Creek

BLM

Coos Bay District

East Fork Coquille

Coast

1.19

1.92

Steel Creek

BLM

Coos Bay District

East Fork Coquille

Coast

2.02

3.25

Johns Creek

BLM

Coos Bay District

North Fork Coquille

Coast

0.92

1.48

Vaughns Creek

BLM

Coos Bay District

North Fork Coquille

Coast

1.38

2.22

Tioga Creek

BLM

Coos Bay District

South Fork Coos

Coast

0.92

1.48

Williams River

BLM

Coos Bay District

South Fork Coos

Coast

1.51

2.42

Little Camp Creek

BLM

Coos Bay District

Lake Creek

Coast

1.56

2.51

Buck Creek

BLM

Coos Bay District

Lake Creek

Coast

0.71

1.14

Lutsinger Creek

BLM

Coos Bay District

Middle Umpqua River

Coast

1.85

2.98

Grubbe Creek

BLM

Coos Bay District

Middle Umpqua River

Coast

0.65

1.05

Siuslaw River

BLM

Eugene District

Upper Siuslaw River

Coast

0.89

1.44

Buck Creek

BLM

Eugene District

Upper Siuslaw River

Coast

1.13

1.82

Smith River

BLM

Roseburg District

Upper Smith River

Coast

0.89

1.44

Cleghorn Creek

BLM

Roseburg District

Upper Smith River

Coast

1.91

3.07

Yellow Creek

BLM

Roseburg District

Upper Umpqua River

Coast

1.19

1.92

Brear Creek

BLM

Roseburg District

Upper Umpqua River

Coast

0.7

1.12

Squaw Creek Tributary

BLM

Roseburg District

Elk Creek

Coast

0.3

0.49

Squaw Creek

BLM

Roseburg District

Elk Creek

Coast

0.63

1.02

Lees Creek

BLM

Roseburg District

Elk Creek

Coast

0.67

1.07

Lees Creek

BLM

Roseburg District

Elk Creek

Coast

0.39

0.64

Camas Swale Creek Trib

BLM

Eugene District

Lower Coast Fk Willamette

Cascades

0.38

0.61

Martin Creek

BLM

Eugene District

Upper Coast Fk Willamette

Cascades

0.47

0.75

Mosby Creek

BLM

Eugene District

Mosby Creek

Cascades

0.09

0.14

Mosby Creek

BLM

Eugene District

Mosby Creek

Cascades

0.23

0.37

Mosby Creek

BLM

Eugene District

Mosby Creek

Cascades

0.22

0.35

Cedar Creek

BLM

Eugene District

Mosby Creek

Cascades

0.02

0.03

Sharps Creek

BLM

Eugene District

Row River

Cascades

0.24

0.38

Sharps Creek

BLM

Eugene District

Row River

Cascades

0.08

0.13

Sharps Creek

BLM

Eugene District

Row River

Cascades

0.06

0.1

Canton Creek

USFS

Umpqua NF

Canton Creek

Cascades

0.87

1.39

Steamboat

USFS

Umpqua NF

Steamboat Creek

Cascades

1.27

2.05

Row River

BLM

Eugene District

Row River

Cascades

0.06

0.1

Row River

BLM

Eugene District

Row River

Cascades

0.16

0.26

Middle Fork Willamette River

USFS

Willamette NF

Middle Fork Willamette

Cascades

1.19

1.91

Buckhead Creek

USFS

Willamette NF

Middle Fork Willamette

Cascades

1.87

3.01

Middle Fork Willamette River

USFS

Willamette NF

Middle Fork Willamette

Cascades

0.45

0.73

Tire Creek

USFS

Willamette NF

Middle Fork Willamette

Cascades

0.95

1.52

Middle Fork Willamette River

USFS

Willamette NF

Hills Creek Reservoir

Cascades

1.49

2.4


Table 2: List of actual surveyed stream reaches from the Coast Range.

	Site
	Site Name
	Stream Width (m)
	Dominant Substrate
	Canopy Closure (%)
	Surveyed Length (km)

	1
	Poodle Ck.
	n/a
	
	
	0

	2
	Coyote Ck.
	2.25
	silt
	70
	0.58

	3
	Wildcat Ck.
	5
	sand
	65
	1

	4
	Oat Ck.
	4
	bedrock
	83
	1

	5
	Wolf Ck.*
	10
	sand
	40
	2.26

	6
	W. Fk. Smith R.
	13.5
	bedrock
	63
	1

	7
	W. Fk. Smith R.
	11
	bedrock
	63
	1

	8
	Siuslaw R.
	13.5
	gravel
	28
	1

	9
	Buck Ck.
	5.5
	cobble
	85
	1

	10
	Smith River
	11
	sand
	78
	1

	11
	Cleghorn Ck.
	3.5
	bedrock
	88
	1

	12
	Lutsinger Ck.
	4.5
	cobble
	68
	1

	13
	Grubbe Ck.
	1
	silt
	93
	0.5

	14
	Little Camp Ck.
	1.5
	sand
	73
	1

	15
	Buck Ck.
	1.5
	cobble
	78
	1

	16
	Tioga Ck.
	15
	gravel
	43
	1

	17
	Williams R.
	18
	cobble
	13
	1

	18
	China Ck.
	3
	cobble
	88
	1

	19
	Steel Ck.
	4
	gravel
	88
	1

	20
	Johns Ck.
	3
	cobble
	75
	1

	21
	Vaughns Ck.
	2
	cobble
	60
	1

	22
	Bear Ck.
	2.5
	cobble
	78
	1

	23
	Wolf Ck.
	4.5
	cobble
	85
	1

	24
	Squaw Ck.
	2.25
	gravel
	80
	1.49

	25
	Lees Ck.
	1.2
	cobble
	95
	0.92


* Wolf Creek is also known as Rader Creek 

Table 3. List of actual surveyed stream reaches from the Cascade Range.

	Site
	Site Name
	Stream Width (m)
	Dominant Substrate
	Canopy Closure (%)
	Surveyed Length (km)

	1
	Camas Swale Ck.
	1
	gravel
	95.0
	0.61

	2
	Martin Ck.
	1
	gravel
	75.0
	1

	3
	Mosby Ck.
	9
	bedrock
	10.0
	0.14

	4
	Mosby Ck.
	7
	cobble
	40.0
	0.37

	5
	Mosby Ck.
	7
	cobble
	50.0
	0.35

	6
	Cedar Ck.
	2
	bedrock
	80.0
	0.03

	7
	Sharps Ck.
	11
	cobble
	7.5
	0.38

	8
	Sharps Ck.
	13
	cobble
	12.5
	0.13

	9
	Sharps Ck.
	13
	cobble
	7.5
	0.1

	10
	Canton Ck.
	8
	bedrock
	15.0
	1

	11
	Steamboat
	6
	bedrock
	10.0
	1

	12
	Row R.
	n/a
	
	
	0

	13
	Row R.
	14
	cobble
	2.5
	0.26

	14
	M. Fk. Willamette R.
	32.5
	cobble
	2.5
	1

	15
	Buckhead Ck.
	2.5
	silt
	45.0
	1

	16
	M. Fk. Willamette R.
	27.5
	sand
	2.5
	0.84

	17
	Tire Ck.
	2.5
	boulder
	72.5
	0.83

	18
	M. Fk. Willamette R.
	22.5
	cobble
	2.5
	1


Table 4: Species detected during surveys.
	Species
	Coast Range
	Cascade Range

	
	number of sites
	number of  animals
	number of sites
	number of  animals

	Taricha granulosa
	15
	69
	1
	1

	Dicamptodon tenebrosus
	8
	24
	1
	5

	Rana aurora
	6
	10
	2
	2

	Plethodon dunni
	6
	8
	0
	0

	Unknown snake
	6
	6
	2
	2

	Thamnophis sirtalis
	4
	4
	3
	3

	Unknown frog
	2
	2
	2
	7

	Elgaria spp.
	2
	2
	0
	0

	Unknown lizard
	2
	2
	0
	0

	Plethodon vehiculum
	1
	2
	0
	0

	Pseudacris regilla
	1
	1
	2
	35

	Ascaphus truei
	1
	1
	0
	0

	Pituophis catenfir
	1
	1
	0
	0

	Sceloperus occidentalis
	1
	1
	4
	10

	Rana catesbeiana
	0
	0
	2
	15

	Eumeces skiltonianus
	0
	0
	2
	2

	Rhyacotriton variegatus
	0
	0
	0
	0

	Fish (except sculpins)
	23
	-
	17
	-

	Sculpins
	16
	-
	6
	-

	Beaver (activity)
	3
	-
	6
	-

	Crayfish
	19
	-
	4
	-

	Cattle
	2
	-
	0
	0
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