Conservation Assessment for the
Cascade Torrent Salamander
(Rhyacotriton cascadae)

Version 1.0
February 2011

[image: Rhyacotriton-cascadae1_CR]
		Photo used by permission of Chris Roberts
 
[bookmark: _Toc216608288][bookmark: _Toc253399652][bookmark: _Toc253400327][bookmark: _Toc253400597]U.S.D.A. Forest Service Region 6 and U.S.D.I. Bureau of Land Management
Interagency Special Status and Sensitive Species Program

Authors
BETSY L. HOWELL is a wildlife biologist, U.S.D.A. Forest Service, Olympic National Forest, Olympia, WA  98368

NICOLE M. MAGGIULLI is a contract wildlife biologist, U.S.D.A. Forest Service, Olympic National Forest, Olympia, WA  98368

Disclaimer
This Conservation Assessment was prepared to compile the published and unpublished information on the Cascade Torrent Salamander (Rhyacotriton cascadae). This Assessment does not represent a management decision by the U.S. Forest Service (Region 6) or Bureau of Land Management (OR/WA BLM). Although the best scientific information available was used and subject experts were consulted in preparation of this document, it is expected that new information will arise and be included. If you have information that will assist in conserving this species or questions concerning this Conservation Assessment, please contact the Interagency Conservation Planning Coordinator for Region 6 Forest Service, BLM OR/WA in Portland, Oregon  (http://www.fs.fed.us/r6/sfpnw/issssp/contactus/).
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Species:  Cascade Torrent Salamander (Rhyacotriton cascadae)

Taxonomic Group:  Amphibian

Management Status:
	Forest Service and BLM*, Washington—Sensitive; 
	Forest Service and BLM, Oregon—No Rank**;
	Washington Department of Fish & Wildlife—Candidate Species, Species of Concern; 
	Oregon Department of Fish & Wildlife—Vulnerable Sensitive Species; 
Washington and Oregon Natural Heritage Programs—G3/S3; 
Oregon Biodiversity Information Center (ORBIC)—List 4. 

*Management of the species follows Forest Service 2670 Manual policy direction and BLM 6840 policy. (Additional information, including species specific maps, is available on the Interagency Special Status and Sensitive Species website, http://www.fs.fed.us/r6/sfpnw/issssp/).

**R. cascadae  was considered a Forest Service and BLM Sensitive species in Oregon until 2004, when it was downgraded from List 2 to List 4 by ORBIC. For a species to qualify as federally sensitive in Oregon, it must be on the ORBIC List 1 or 2 (http://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/).  

Range:  Rhyacotriton cascadae occurs along the west slope of the Cascade Range, from just north of the Cowlitz River and State Route 12, Washington, south to the Middle Fork of the Willamette River, Oregon. Within this area, the species is patchily distributed. 

Specific Habitat:  Rhyacotriton cascadae is a stream-dwelling amphibian that can be found along the edges of small, high-gradient, cold, rocky reaches and near seeps. Adults may be found along stream banks and during wet periods they may venture into upland areas.
 
Threats:  The main suspected threats include forest management activities that increase water temperature, turbidity, peak flow or debris flow events, and habitat degradation and fragmentation. Key threats are timber harvest, impassable culverts, road construction and maintenance, and chemical applications. Additional concerns include fire, disease, predation, human recreational activities, volcanism, mining, and climate change. 

Management Considerations: Considerations for maintaining or improving local populations of this species include: managing sedimentation; retaining riparian buffers to provide stream shading, near-stream terrestrial ambient moisture regimes, large wood recruitment, and terrestrial dispersal habitat; minimizing riparian management activities; and enhancing connectivity between habitats.

Research, Inventory, and Monitoring Opportunities: Basic inventory may locate new populations or aid with monitoring known sites over the long-term to determine population trends. Research is needed to better understand: the species’ distribution (including elevationally), particularly in Washington north of Highway 12 where its occurrence is spotty except for a population along the Skookumchuck River; microclimatic needs; dispersal; the degree to which culverts and roads fragment habitat; effects of disturbance, particularly the efficacy of riparian buffers with upland timber harvest; and the effects of disease and climate change.
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INTRODUCTION
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The primary goal of this Conservation Assessment is to provide the most up to date information known about the Cascades torrent salamander, Rhyacotriton cascadae, including life history, habitat, and potential threats, as well as management considerations, to assist land managers in the formulation of options for management activities. This species is of concern due to concerns about the effects of timber harvest and roads, particularly in headwater and non-fish bearing streams. It is recognized as a vulnerable species and was one of seven amphibian species noted in 2000 by a panel of scientists to be at high risk of local extirpation from forest management activities (Lannoo 2005). Although this Conservation Assessment references information from other ownerships, the goals and management considerations presented here are specific to National Forest and Bureau of Land Management administered lands in Washington and Oregon. The information presented here is compiled to help manage the species in accordance with Forest Service Region 6 Sensitive Species (SS) policy and Oregon/Washington Bureau of Land Management Special Status Species (SSS) policy. Additional information for Region 6 SS and BLM Oregon/Washington SSS is available on the Interagency Special Status Species website (http://www.fs.fed.us/r6/sfpnw/issssp/). 

There are few studies devoted specifically to R. cascadae, relative to both biology and threats, and much information is inferred from the available literature on other torrent salamanders. Gaps in knowledge of such life history characteristics as diet, physical characteristics of nest sites, habitat needs of larvae, home range size, seasonal migrations, and age/size at reproductive maturity remain, and information updates will be necessary to keep this assessment current. Management considerations may be applied to specific sites, though some range-wide issues are listed. Uncertainty and inference are acknowledged where appropriate, and care has been taken to limit considerations to those supported by current literature (or, if inferred from studies on other Rhyacotriton species, acknowledged as such) and direct observations. 

For Region 6, SS policy requires the agency to maintain viable populations of all native and desired non-native wildlife, fish, and plant species in habitats distributed throughout their geographic range on National Forest lands. Management “must not result in a loss of species viability or create significant trends toward federal listing” (FSM 2670.32) for any identified SS. 

For lands administered by the Oregon/Washington Bureau of Land Management (OR/WA BLM), SSS policy (6840 manual and IM OR-91-57) details the need to manage for species conservation.
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The range of Rhyacotriton cascadae includes the Washington counties of Thurston, Lewis, Cowlitz, Skamania, and Clark, and the Oregon counties of Multnomah, Hood River, Clackamas, Marion, Linn, and Lane. Different ownerships across the range include a combination of federal, state, private, and tribal lands, as well as larger metropolitan areas with rural boundaries, such as Chehalis and Vancouver, Washington, and Hood River and Sandy, Oregon. This assessment addresses land management and conservation goals on federal lands only. 
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Rhyacotriton cascadae is listed by the U.S. Forest Service and BLM in Washington as Sensitive. It is also a Washington State Candidate species and Species of Concern. The Natural Heritage Network considers the species to be “G3,” a global rank which categorizes it as “either very rare and local throughout its range or found locally (even abundantly at some of its locations) in a restricted range” and S3, a state ranking for both Washington and Oregon, which classifies it as “rare or uncommon,” (www.natureserve.org and http://www.dnr.wa.gov/ResearchScience/Topics/NaturalHeritage/Pages/amp_nh.aspx). The species is not listed as sensitive by either the Forest Service or BLM in Oregon because of an Oregon Biodiversity Information Center (ORBIC) listing of 4 (which includes taxa which are very rare but are currently secure, as well as taxa which are declining in numbers but are still too common to be proposed as threatened or endangered). Washington does not have an equivalent list ranking:  R. cascadae is sensitive for Forest Service and BLM in Washington. Management of the species follows Forest Service 2670 Manual policy and BLM 6840 Manual direction. 
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Family:  Rhyacotritonidae (Good and Wake, 1992) 

Scientific name: Rhyacotriton cascadae (Good and Wake, 1992)
Common name: Cascade torrent salamander

Torrent salamanders were previously classified as either members of the families Ambystomatidae or Dicamptodontidae, but are now considered a discrete lineage, Rhyacotritonidae, that is more closely related to Amphiumidae and Plethodontidae (Frost et al. 2006). In 1992, the Olympic salamander (Rhyacotriton olympicus) was split into four distinct species: Olympic torrent salamander (R. olympicus Gaige, 1917), Cascade torrent salamander (R. cascadae Good and Wake, 1992), Columbia torrent salamander (R. kezeri Good and Wake, 1992), and southern torrent salamander (R. variegatus Stebbins and Lowe, 1951). These four species were separated based on the following: 1) time of isolation; 2) lack of recorded hybridization; and 3) differences in coloration and life history (Leonard et al. 1993). Literature published prior to 1992 on Rhyacotriton is likely to use the name R. olympicus, and thus geographic description in the literature is necessary to determine which of the current four Rhyacotriton spp. is being discussed. Additionally, there is not a large body of literature on the present R. cascadae, so some reference to other Rhyacotriton species may be necessary to fully describe them.

Rhyaco-triton means “small stream, god of the sea,” and cascadae refers to the Cascade Mountains (Corkran and Thoms 1996).
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Metamorphosed individuals for all Rhyacotriton species have protruding eyes that are larger than the [eye to] snout length. All torrent salamander females are slightly larger than males (Nussbaum et al. 1983), and males possess “squared-off” cloacal lobes (Leonard et al. 1993).



[image: rcascadaemcuwfor04]       [image: AdultMale_GNafis]
[bookmark: _Toc253399662][bookmark: _Toc253399783][bookmark: _Toc253400598][bookmark: _Toc253400675][bookmark: _Toc253400909][bookmark: _Toc253401284][bookmark: _Toc284572585]Figure 1. Adult male Rhyacotriton cascadae.
           Photos used by permission of Gary Nafis,
                                                 Californiaherps.com

Torrent salamander larvae measure 14–44 mm snout-to-vent length (SVL), have small heads, and have eyes that are close to the end of the snout. The tail has a small fin that does not extend anteriorly past the vent (Nussbaum et al. 1983). They possess as few as 0 to 3 gill rakers per gill arch (Nussbaum et al. 1983). The gills are miniscule and hair-like, with few or no visible side filaments, and are not present on adults. 

Rhyacotriton cascadae has a brown, tan, or olive dorsum and is often heavily spotted, especially laterally, accentuating the demarcation line (Leonard et al. 1993). Lateral and ventral surfaces are yellowish with some black dots and white flecks. This species has the most variable quantity and pattern of pigmentation within the Rhyacotriton genus, and this variation allowed a pattern mapping technique of the ventral surfaces to be used for individual identification in Oregon (Nijhuis and Kaplan 1998). Adults typically reach 52 mm SVL, though the largest specimen on record was found near Rhododendron, Oregon and measured 62 mm (SVL) and 105 mm (total length). 
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Photo used by permission of Loretta Ellenburg, Forest Service

Larvae have less distinct dorsal and ventral coloration, but the demarcation line is discernible in older larvae. It is unknown if larvae exhibit as much variation as the adults.
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                                            Sandy River, Oregon, September 1994
Photo used by permission of Char Corkran, Northwest Ecological
Research Institute
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Rhyacotriton cascadae is likely a relatively long-lived amphibian, although longevity has not been determined. It takes about 4–5 years for larvae to reach metamorphosis, and presumably another year or so for sexual maturity, with animals living several years as adults.

They likely have a prolonged courting season, as sperm caps of spermatophores have been found in the vents of Rhyacotriton spp. females every month of the year except August, September, December, and January (Nussbaum and Tait 1977). Courtship occurs between October and July, and most egg laying occurs during spring and early summer (Nussbaum and Tait 1977). Courtship and sperm transfer are believed to occur on land or in the splash zone. Gravid females in the Columbia River Gorge averaged 8 ova/individual (Nussbaum and Tait, 1977). 

One nest has been described for R. cascadae (MacCracken 2004). The nest of 5 eggs was under cobble-sized rock in the middle of the main channel of a 2nd-order headwater stream on the west slope of the Cascade Range, Skamania County, Washington. The 5 eggs were not attached to the substrate or each other, and were subsequently swept downstream when the rock concealing them was turned over. Generally, it has been thought that Rhyacotriton spp. females deposit their eggs in deep, narrow cracks in rock (Nussbaum et al. 1983), however recent work by Karraker (1999) and Russell et al. (2002) showed that R. variegatus and R. kezeri also oviposit in mid-channel under boulders and logs. 

Egg counts for this species are assumed to be low because ovarian eggs counts of collected individual females averaged 8 (Nussbaum and Tait 1977). Overall, few nests or eggs for any of the torrent salamander species have been found. Based on the breeding sites that have been located for females of other Rhyacotriton spp., they may nest communally at times since clutch sizes exceeded egg counts in individual females (Russell et al. 2002). Similar to other torrent salamanders, this species may lay large (3.0–4.5 mm) white eggs in seeps with coarse substrates, deposited singly and surrounded by six jelly layers. Clutch size is positively correlated with female body size, and eggs in the laboratory held at a temperature of 8°C hatched after 210–290 days (Nussbaum et al. 1983).  Larvae grow slowly and transform at approximately 4–5 years at about 40mm SVL (Nussbaum and Tait 1977). 
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The torrent salamanders are not known to be territorial (Marangio 1988). Recapture studies of Rhyacotriton spp. indicated that larval movement was minimal, and that there was more movement upstream than downstream (Nussbaum and Tait 1977). Rhyacotriton spp. in western Oregon have been found to be relatively sedentary (Corn and Bury 1989) and Rhyacotriton variegatus, the southern torrent salamander, did not disperse widely through streams (Diller and Wallace 1996). Additionally, the torrent salamanders are apparently unable to disperse overland through dry forests (Bury and Corn 1988; Bury et al. 1991), and thus there may be little connectivity between populations in different streams. However, adult R. variegatus have also been observed in pitfall traps 200 m from streams indicating some potential for overland movement (Gomez and Anthony 1996). More recent work (publication in progress) by the Washington Department of Fish and Wildlife (WDFW) has found Rhyacotriton olympicus up to 123 m from in-stream enclosures (Tyson, email communication, 2010). Additionally, the species has been documented 200–300 m from the stream on roads during wet periods, generally October through April (Hayes, WDFW, personal communication, 2009); 275 m from forest headwaters under leaf litter during wet, cool (also October–April) periods (Rombough, personal communication, 2009); and 800 m from the stream in pit-fall traps during wet periods (Hayes, personal communication, 2009). 

Adult Rhyacotriton spp. were noted by Nussbaum et al (1983) to demonstrate behavioral hydro- and thermoregulation during summer, which results in distinct patterns of habitat use. During the dry summer and autumn season, individuals apparently migrate down through layered substrates to utilize subsurface flows in intermittent streams. Nijhuis and Kaplan (1998), in studying a population of R. cascadae in the Columbia River Gorge of Oregon, found that the species moved parallel to the stream significantly more often than perpendicular to it but that these movements in general were minor. The average range length (distance between the furthest points of capture for an individual animal) was 2.4 m (.198–6.090 m) and the mean distance traveled per day was .359 m (.098–.507 m). Despite these seemingly minor movements, the authors acknowledge that because of the small sample size of the study, longer-distance movement may have gone undetected. Likewise, Nussbaum and Tait (1977), in an earlier study in the Columbia River Gorge, found that of 191 recaptures of uniquely marked larvae, 134 (70%) had no net movement since the previous capture (i.e. they were found in the same 2-m section where they were originally marked). Thirty-nine of these recaptures (20%) demonstrated net movement upstream and 18 (10%) moved downstream, and the farthest distance traveled during the summer was 22 m. 

[bookmark: _Toc185677818][bookmark: _Toc185820272][bookmark: _Toc185820929][bookmark: _Toc212622725][bookmark: _Toc212622992][bookmark: _Toc212623458][bookmark: _Toc212948505][bookmark: _Toc216608302][bookmark: _Toc253399668][bookmark: _Toc253399789][bookmark: _Toc253400340]Their apparently limited movement has led researchers to deduce that R. cascadae individuals survived the Mt. St. Helens blast in 1980, as opposed to having moved into the area after the explosion (Crisafulli et al. 2005). Surveys conducted two years post-blast, in 1982, and in later years found individuals older than 2 years which were likely survivors of the event. Continued monitoring from 1995–2000 detected the species in seeps in the blowdown and scorch zone. The topographic characteristics of these areas may have allowed for some protection from the effects of the eruption because animals were found in deep gorges, on north aspects and away from the blast, or protected behind a ridge.
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Range, Distribution, and Abundance

Rhyacotriton cascadae is found on the west-slope of the Washington and Oregon Cascade Range (Leonard et al. 1993; Corkran and Thoms 1996; Jones et al. 2005; Lannoo 2005) (Figure 4). The range extends south from roughly the Cowlitz River, Washington to the Middle Fork of the Willamette River, Oregon, with a disjunct population located north of the Cowlitz River on the Skookumchuck River, Washington (Jones et al. 2005). Site records were compiled for this assessment from 13–1,398 m elevation. In Washington, the species is highly abundant north of the Columbia River Gorge, particularly along the Lewis River, but becomes less abundant in the northern part of the range, where the range appears to be bounded by the Cispus River. Either some event or barrier eliminated the northern range of the species (Crisafulli, personal communication, 2009), or northward range expansion was bounded by the river, a scenario that has been repeatedly reported for northwestern amphibians (D. Olson, personal communication, 2010). 

We estimated the area of the species range by calculating the area of occupied 5th-field watersheds (USGS and USDA 2009) (Figure 4). Although this method overestimates the range by including more areas at high and low elevation, it has advantages over the more traditionally used minimum convex polygon methods due to outlying eastward and westward sites (Appendix 1).  Approximately 49% of the area within the range of R. cascadae consists of private lands, including industrial timber lands which account for 10% of the total area. Another 46% of the range is federally owned, the majority of which is managed by U.S. Forest Service (40% of total range). Of the area that falls under the jurisdiction of the Northwest Forest Plan (46% of the range) (USDA and USDI 1994), nearly half (48%) are in either Congressionally Reserved areas (i.e. wilderness) or Late-Successional Reserved land-use allocations, and 35% occurs primarily on Matrix lands, including Riparian Reserves (see Table 1).

Known locations of Rhyacotriton cascadae occur on state lands (39%), National Forests (37%), private lands (industrial and non-industrial, 14%), and BLM lands (10%). These numbers may or may not reflect indicators of habitat availability or quality but rather effort and emphasis on previous and current survey efforts.  Sites are known from lands administered by the National Forest System (Gifford Pinchot, Mt. Hood, and Willamette National Forests), Bureau of Land Management (Salem, Eugene, and Spokane Districts), Columbia River Gorge National Scenic Area, Mount St. Helens National Volcanic Monument, Weyerhauser and Longview Fiber timber lands, and Washington Department of Natural Resources. 
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Locality data from 1932–2009 (information from earliest years are from museum specimens) were compiled from several sources including: the U.S. Forest Service’s NRIS (Natural Resource Information System) database, the Bureau of Land Management Oregon’s GeoBOB (Geographic Biotic Observation) database, the Oregon Biodiversity Information Center (ORBIC, Oregon Natural Heritage Program, Oregon Natural Heritage Information Center), the Wildlife Surveys and Data Management Database (WSDM, Washington Department of Fish & Wildlife), the Density Management Study (Dede Olson, PNW Research Station, Corvallis, OR), the Type N Experimental Buffer Treatment Study (Aimee McIntyre, Washington Department of Fish & Wildlife), Weyerhauser and Longview timber lands in Washington (A.J. Kroll), the Northwest Ecological Research Institute (Char Corkran), the Aquatic Riparian and Effectiveness Monitoring Program (Mark Isley), Oregon Department of Forestry (Jennifer Weikel), and the U.S. Forest Service’s Old Growth Wildlife Habitat Program (Wynn Cudmore). See Appendix 1 for specific notes on these data and the range boundary.
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Long-term population data collected from rigorous monitoring studies do not exist for R. cascadae. No specific inference can be made on population trends either locally or range-wide based on available data. However, the species has a decreasing population trend on the IUCN Red List (Geoffrey Hammerson 2004), and it is possible that numbers are decreased from historical levels due to anthropogenic influences on both public and private lands. 
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Rhyacotriton cascadae are associated with high-gradient, permanent, cool or cold-water sources, such as seeps, waterfalls, headwaters, and edges of larger streams. Individuals may be located beneath rocks in the splash zone or on stream banks under rock, moss, or wood, but may favor rock cover objects (Jones et al. 2005; Lannoo 2005). During heavy rains, R. cascadae may be found far from the stream (potentially several hundred meters) under leaf litter, branches, and small logs (Rombough and Corkran, personal communication, 2009). 

Hunter (1998) conducted a watershed-level study of stream-dwelling amphibians in the Blue River Watershed of the west-central Cascade Range of Oregon, which is managed primarily by the Willamette National Forest. In that study, R. cascadae larvae were encountered in 19% of 5-m stream reaches surveyed (n=273 sites). At the watershed scale, the species was associated with small, steep streams, with a maximum basin size of 141 ha, and peak occurrence was around 870 m elevation (approximate range: 450–1,300 m). Hunter also conducted a multi-scale analysis that described stream habitat associations. In addition to the characteristics stated above, he found associations with an average stream depth of 4–5 cm, limited amounts of riffle in channel units, channel substrate with cobbles and boulder, high canopy cover and some mid-story cover along the stream.  

In managed forests of western Oregon, Russell et al. (2005) found that the occurrence and abundance of R. cascadae at the stream-reach scale was associated with streams in close proximity to the stream origin (i.e., headwaters). Abiotic factors, such as cobble and gravel substrates with low percentages of fine sediment and sand, were positively associated with salamander presence. R. cascadae occupancy and relative abundance at the landscape scale was also greater in streams of consolidated geological composition, in streams with northerly aspects, as compared to southerly aspects, and increased with adjacent riparian forest age. In southern Washington, Pollett et al. (2010) found abundance of R. cascadae to be lower in unbuffered streams than in streams with buffers or in second-growth forests. 

Along 1st-order streams in privately managed forests of southwestern Washington, Steele et al. (2003) also found an increase in relative abundance of R. cascadae in streams adjacent to older forest stands. Between both studies, forest age ranged from 0–90 years, with the highest abundances of R. cascadae generally in streams surrounded by forests between the ranges of 43–59 years. However, Steele et al. (2003) found some evidence of a quadratic relationship with forest age because R. cascadae abundances were most reduced at the lowest (0–22 years) and highest (≥60 years) forest ages. 

Similarly, looking at 1st-, 2nd-, and 3rd-order streams in privately managed forest lands in Washington and Oregon, Kroll et al. (2008) found reduced occupancy of R. cascadae and other Rhyacotriton species in streams with the youngest and oldest adjacent riparian forests (for R. cascadae, probability of occupancy was highest in stands ~45 yrs old, stand age averaged 35 yrs, range 0–106 yrs), however, occupancy was low for R. cascadae and R. olympicus compared to the other two species. In the same study, Rhyacotriton spp. occupancy increased in streams with higher gradients (roughly ≥12° for R. cascadae) and Rhyacotriton spp. detection probability was negatively associated with water temperature. 

Habitat requirements for larval and juvenile stages of R. cascadae have not been distinguished from adults in studies to date. Cover needs for larvae Rhyacotriton spp. and R. variegatus have indicated that animals may be associated with stable, low-flow volume areas with loose gravel and cobble with limited fine sediments (Nussbaum and Tait 1977; Diller and Wallace 1996; Welsh and Lind 1996). The single nest site located for R. cascadae, and five nest sites located for the Columbia torrent salamander (R. kezeri; Nussbaum 1969, Russell et al. 2002), suggest egg deposition in areas with low flow, cobble, and minimal sediment. 

Torrent salamanders are specialized for life in cold water and cannot survive where water temperatures are too high. Thermal tolerances for Rhyacotriton spp. are among the lowest for amphibians (Bury 2008). In laboratory experiments, R. olympicus selected water between 12–14°C (Jones et al. 2005) and earlier descriptions (Stebbins and Lowe 1951) noted that Rhyacotriton spp. seek relatively slow water and that they are rarely found out of water or on ground that is not saturated. Likewise, Pollett et al. (2010) found that R. cascadae were almost absent from streams where water temperatures were ≥14°C for ≥35 consecutive hours. This intolerance to warm water temperatures may be because the torrent salamanders are possibly the most desiccation-intolerant salamander genus known (Ray 1958), and this intolerance may be connected to a high need for the skin to absorb oxygen since the lungs are highly reduced (Whitford and Hutchison 1966). Because of this, Stebbins and Lowe (1951) made inferences about the habitat characteristics of torrent salamander streams such as the presence of leaf canopy and abundant understory vegetation, and Brattstrom (1963) determined Rhyacotriton had a low “critical thermal maximum” (CTmax) (average of 28.3ºC);  however it is not known to which subspecies of torrent salamander this referred. Bury (2008) tested individuals of Rhyacotriton variegatus and found larval forms reached CTmax at 25.6–27.4ºC and adults at 26.3–29.3ºC. There are not any data on thermal tolerances for the eggs of Rhyacotriton spp. 

A recent meta-analysis conducted by Welsh and Hodgson (2008) compiled data for three amphibian species endemic to headwater streams in the southern end of the northwestern wet temperate forest ecoregion (Klamath-Siskiyou and North Coast Bioregions). This analysis, based on a review of seven studies, examined the associations of Rhyacotriton variegatus, Dicamptodon tenebrosus (coastal giant salamander), and Ascaphus truei (coastal tailed frog) presence and abundance with three physical attributes of the headwater stream environment: water temperature, relative amounts of fine sediments (silt and sand), and the percent cover of large down wood (>10 cm diameter and >1 m length) in the stream channel. The best generalized additive model for R. variegatus including all three attributes revealed a tolerance of percent surface area of fine sediments between 3.6% and 33.0%, a reduced probability of detection at water temperatures >16.0 ºC, and no detections with down wood cover <2.8%. However, down wood had the lowest influence on the species detection. Their results supported the idea of using headwater amphibian species as “critical biological thresholds of forested headwater streams.” Additionally, they suggested that Rhyacotriton spp. could represent the ecological integrity of downstream portions of the stream network that are directly influenced by headwater activities, thus providing surrogate measures of stream health for salmonid species. 

For R. variegatus, Diller and Wallace (1996) found in managed forests of north coastal California that the only landscape variable to predict presence of the species was consolidated geological formations and the only habitat variable that predicted presence was stream slope (gradient). Other variables, including canopy closure and water temperature, were not significant though the authors also suggest that these should be measured over a larger area. This study resulted in an inverse relationship between presence of the species and forest age but Diller and Wallace believe this an artifact of a secondary correlation with historical timber harvest patterns; that is, coastal forests with unconsolidated geologic formations were harvested first and now simply have the oldest second-growth forests. This, the authors concluded, has resulted in a spurious association between species presence and forest age.

In Oregon, Olson and Weaver (2007) found amphibian assemblages with torrent salamanders (R. variegatus and R. cascadae) to be associated with spatially intermittent streams at managed forest sites. These stream hydrological types were the most common detected in their headwater sample that extended from Mount Hood to Coos Bay, Oregon. Consistent with other studies, they were also associated with higher gradient reaches and reaches with larger substrates. 
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Rhyacotriton cascadae shares habitat with coastal tailed frogs (Ascaphus truei), coastal giant salamanders (Dicamptodon tenebrosus), Cope’s giant salamanders (D. copei), Dunn’s salamanders (Plethodon dunni), Van Dyke’s salamanders (P. vandykei), and western red-backed salamanders (P. vehiculum). The degree of syntopy with each of these has not yet been detailed (Lannoo 2005). Rhyacotriton cascadae larvae were not found in sampled 5-m stream reaches where fish were present in the Blue River Watershed, Oregon (Hunter 1998), however, the species has been found in fish-bearing streams (Kroll et al. 2008, Olson and Weaver 2007). The extent their habitat overlaps with fish species is unknown. 

Dicamptodon spp. are often cited as potential predators on R. cascadae, an assertion that seems to be based in part on an inverse relationship of observed sightings between southern torrent and giant salamander larvae (Welsh and Lind 1996). There are a variety of potential predators of R. cascadae, and field observations and published studies suggest the suite of predators may differ depending on the species of Rhyacotriton. For example, larval and adult D. tenebrosus have been observed consuming R. cascadae (C. Rombough, personal communication, 2009) in the field, however, Rundio and Olson (2001) found  larval R. variegatus unpalatable to larval giant salamanders, while Plethodon dunni and P. vehiculum were readily consumed. Additional predators observed in the field include northwestern salamanders (Ambystoma gracile), red-legged frogs (Rana aurora), ringneck snakes (Diadophus punctatus), garter snakes (Thamnophis spp.), American robin (Turdus migratorius), American dipper (Cinclus mexicanus), and ground beetles (C. Rombough, personal communication 2009). Other predators may include weasels (Mustela spp.), mink (Mustela vison), and water shrews (Sorex spp.), however, Nussbaum et al. (1983) suggested that skin secretions of Rhyacotriton spp. repel shrews. The toxicity of Rhyacotriton spp. and their potential predators may vary by population (Rundio and Olson 2001) or geographically, rather than by species. More research is needed on this subject, but current knowledge suggests variability in the response of potential predators to R. cascadae. 

[bookmark: _Toc185676953]A variety of food items have been detected in the stomachs of Rhyacotriton spp. Metamorphosed Rhyacotriton prey upon aquatic and semi-aquatic invertebrates, including larval and adult beetles, flies, stoneflies, snails, millipedes, amphipods, and earthworms (Nussbaum et al. 1983; Marangio 1988). The predominant food of larval R. cascadae in the Columbia River Gorge during May was immature caddisflies (32% by volume) (Nussbaum et al. 1983). Larval southern torrent salamanders, R. variegatus, eat aquatic invertebrates including flatworms, annelids, snails, arachnids, crustaceans, and aquatic insects (Nussbaum et al. 1983). In the Oregon Coast Range, snails were the predominant food (40% by volume; Nussbaum et al. 1983). A study of R. kezeri stomach contents found a large number of Collembola (springtails), suggesting the salamanders can eat very small prey (Hayes, personal communication, 2009). 

Aquatic insects are available throughout the year, but often increase in abundance when allochthonous organic matter is introduced to the stream, especially during leaf fall in autumn (Vannote et al. 1980). Aquatic insect abundance also increases after energy inputs from spawning (and dying) salmonids (Peterson and Foote 2000).

[bookmark: _Toc185677823][bookmark: _Toc185820277][bookmark: _Toc185820934][bookmark: _Toc212622729][bookmark: _Toc212622996][bookmark: _Toc212623462][bookmark: _Toc212948509][bookmark: _Toc216608306][bookmark: _Toc253399674][bookmark: _Toc253399795][bookmark: _Toc253400345][bookmark: _Toc284578172]
CONSERVATION
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The main suspected threats to R. cascadae include factors that degrade habitat quality, particularly those that result in increased water temperatures and sedimentation (Lannoo 2005). Also, any event that influences the inner-channel gorge of an occupied stream with the potential for destabilizing the geomorphology and hydrology of a stream (e.g., gully-washer, debris flow that scours to bedrock, altered peak flow from rain-on-snow event, or loss of upland canopy cover) may be problematic for R. cascadae (Crisafulli et al. 2005). The primary anthropogenic threats to headwater stream and seep habitats include some timber harvest and road construction/maintenance activities. In addition, stream-crossing culverts may fragment populations. Additional potential threats include chemical applications, mining, recreation, fire, volcanism, disease, and climate change.

Timber Harvest: Several studies have addressed the effects of timber harvest activities on R. cascadae and Rhyacotriton spp. Not all harvest practices have the same kind of effects, which should be considered as the studies are presented below. Generally, reduced abundances have been found in several studies examining the youngest age classes of managed stands (i.e. clearcut stands), although the prevailing view seems to be that the animals are not associated with forest canopy conditions per se, but the consequences of harvest activities to stream habitats (increasing stream temperatures, increasing sedimentation and possibly peak flow events). Also, interactions between harvest and some physical habitat parameters have been detected. Some studies suggest riparian buffers offer protection to the salamanders.

Olson and Rugger (2007) found no negative effects of thinning with four different stream buffer widths on torrent salamanders (R. cascadae and R. variegatus) on federally managed lands in western Oregon in the first two years post-harvest. Their second-growth stands were 40–70 years old and had been reduced from a density of about 600 trees per hectare to 200 trees per hectare. Buffer widths tested, designed to retain bank stability, ranged from 6–145 meters on each side of the streams. They similarly have not found a treatment effect on abundances five years post-harvest (Olson, personal communication, 2010).

In a study of 1st order streams on industrial timberlands in the Washington Cascade Range, Steele et al. (2003) found that captures of R. cascadae were highest in 25– 60-year-old forests, lowest in 0–24-year-old forests, and intermediate in stands > 60 years. The captures were also grouped based on temperature, however, temperatures did not vary between the age classes. Kroll et al. (2008) found similar results for Rhyacotriton spp. on managed lands in Oregon and Washington with occupancy being lowest in the youngest and oldest sampled stands.

Pollett (2005) found lower densities of R. cascadae in high-gradient (>10°) streams of managed forest stands than in similar streams of unmanaged forests in southwestern Washington. The presence of R. cascadae was not statistically different among the four forested stream buffer treatments: 1) unbuffered (clearcuts, no trees > 10-years-old within 20 m on either side of the stream); 2) buffered (5–23 m wide, trees > 35-years-old in the buffers); 3) second-growth (200 m buffer, 35–50-year-old trees within buffer); 4) unmanaged (no evidence of historic or recent logging). R. cascadae density was positively correlated with the percent of 80-year-old forest cover per drainage and number of riparian trees >64 cm dbh. The species was negatively correlated with the percent of 10-year-old forest cover per drainage. Streams in managed stands were wider, deeper, and surrounded by higher road densities. Buffers mitigated the effects of timber harvest for R. cascadae in headwater streams of this study, but the only significant difference in R. cascadae density was between managed and unmanaged streams (higher densities in unmanaged streams). 

In 2004, the Washington Department of Fish and Wildlife began a study of non-fish-bearing basins under four different riparian buffer retention scenarios (the Type N Buffer Treatment Study) to examine the efficacy of the Washington State Forests and Fish Agreement (FFR) in maintaining viable populations of stream-dwelling amphibians. The four treatments included: 1) no buffer (clearcut harvest), 2) FFR buffer (50% of the stream with a 15.24 m buffer), 3) 100% of the stream with a 15.24 m buffer, and 4) unharvested reference. This study is still in progress, but R. cascadae has been documented on four of the study sites located on state, federal, and private timber industry lands (McIntyre, personal communication, 2009). 

Welsh and Lind (1996) demonstrated evidence of an association of R. variegatus with late seral habitats or late seral attributes, though they also believed that forest age alone was not a useful predictor of salamander presence. The tree component part of their macrohabitat model showed significantly more large conifers on sites with salamanders, but these could be found fulfilled by younger trees depending on site conditions. In contrast to Diller and Wallace (1996) however, this study found no relationship between species numbers and stream gradient but did find an association of R. variegatus with canopy conditions and corresponding microclimates typical of late-seral sites. However, these conditions, in addition to the other macrohabitat variables, were not good predictors of variation in abundance (for this, they looked at microhabitat variables and found that percent seep habitat was the single best predictor of salamander abundance). Welsh and Lind, based on their own findings, interpreted Diller and Wallace’s conclusions about relationships of R. variegatus to stream gradient, aspect, and geologic type, to be the result of harvest and evidence of its negative effects on the species. 

Thus, on land ownerships where harvesting timber is a management activity, the effects on other torrent salamander species, such as R. variegatus, have been confounded with natural variation in habitat quality (Diller and Wallace, 1996; Welsh and Lind, 1996; Hunter 1998). This, however, is not the case for the work done by Adams and Bury (2002) in Olympic National Park where timber harvest does not occur and where R. olympicus was still associated with coarse substrates and steep gradients in lower-order streams. Additionally, R. cascadae, has been documented persisting in areas around Mt. St. Helens where there was complete vegetation removal following the 1980 eruption (Jones et al. 2005). 

In general, the harvest of timber in riparian areas can affect the stream by increasing water temperatures (from canopy removal) and by depositing sediment. Based upon where R. cascadae has been documented (steep gradient systems with high flushing capacity), it is presumed that sediment input from ground disturbing activities would have a negative effect upon individuals. Likewise, in areas where timber harvesting causes increases in water temperature, decreases in oxygen, or increases in siltation, Rhyacotriton spp. have been rare or absent (Leonard et al., 1993). Given the difficulty in distinguishing between intrinsic habitat limitations (e.g., the requirement for environments provided by steep-gradient streams) versus areas affected by timber harvest (in some drainages on certain ownerships streams in steep areas may have been less likely to have been harvested in the past), there is a need to compare harvested and unharvested lower- and higher-gradient sites simultaneously (Lannoo 2005).

Since 1994, on National Forest System and Bureau of Land Management lands within the range of this species, the Northwest Forest Plan (NWFP; USDA/USDI 1994) has guided the delineation of Riparian Reserves, which provide different widths of management for five categories of streams or water bodies: fish-bearing streams (at least 91.44 m); permanently flowing non-fish-bearing streams (at least 45.72 m); constructed ponds and reservoirs and wetlands greater than 1 acre (at least 45.72 m); lakes and natural ponds (at least 91.44 m); and seasonally flowing or intermittent streams, wetlands less than 1 acre, and unstable and potentially unstable areas (at least 30.48 m) (USDA and USDI 1994). These numbers do not represent areas where no timber harvest will occur; they are, however, areas where activities are regulated so that the needs of riparian-dependent resources receive primary emphasis. In the absence of studies documenting the specific needs of R. cascadae, in terms of canopy cover or amount of disturbance tolerated, it is assumed that riparian areas with minimal activity will protect the species in habitats where it is already found. However, there is a general lack of information on the most effective buffer widths to protect Rhyacotriton spp. (Bury 2008).


Culverts and Roads: Culverts and roads can have multiple effects on R. cascadae. First, they may be sources of erosion that result in stream sedimentation. Second, roads may pose barriers to amphibian movement, and in the context of roads crossing streams, their culverts may pose barriers. An inability to disperse puts populations at risk because it limits gene flow and the ability to recolonize after disturbance (Jackson 2003). Specifically, perched culverts are problematic due to loss of substrate continuity and increased velocity of water above a surface that does not present any natural characteristics, such as instream structures, substrate, or quiet pools, which would facilitate animal movement. Given its close association to the stream channel and adjacent, saturated ground, R. cascadae may not likely move any significant distance upland to navigate around such barriers. These types of culverts have long been recognized as problems for fish and have only recently become more of a topic of concern for amphibians. Unfortunately, inventories to assess passage problems still focus on fish-bearing streams (USDI 2004), and may not include headwater segments, which are more likely to have R. cascadae present. 

It is not known to what degree culverts and roads fragment habitat for R. cascadae as there have not been any studies on distribution specifically related to road locations. Nonetheless, Hayes et al. (2006) found that coastal tailed frogs (Ascaphus truei) engaged in upstream seasonal movements seeking invertebrate-rich intermittent headwater areas and Olson et al. (2007) speculated that similar environmental situations may exist for post-metamorphic torrent salamanders to do the same. On the Umpqua National Forest, Rhyacotriton variegatus are likely limited in dispersal distance by a large number of “shot-gun barrel culverts”, or culverts that extend out over the water with a large drop-off. The forest is working on fixing culverts either through removal or restoring channel morphology with stream simulation-type culverts that provide substrate in the culvert (Ray Davis, personal communication, 2009). Similar efforts to reconnect headwater streams would likely benefit R. cascadae as well. 

Watershed restoration work has increased in recent years on federal lands, and projects accomplished from 1998–2004 have been entered into a regional database called the Interagency Restoration Database (IRDA). The data are available to download at http://www.reo.gov/restoration and include a variety of road improvement and road decommissioning activities. It should be noted that not all of this work necessarily provides benefits to amphibian species. Roads that have been “decommissioned” and are located within the areas of fish distribution have likely had treatments that would benefit amphibian passage as well. The culvert design process known as “Stream Simulation Design Method” works to mimic the natural stream processes, such as fish passage, sediment transport, and flood and debris conveyance, within a culvert (for example, by installing an open-bottom arch culvert), which will undoubtedly benefit amphibian species. Areas where “road improvement” has occurred, however, may only benefit amphibians inasmuch as sediment delivery to streams will likely have been reduced; issues of drops from outflows and velocity may not have been addressed at these improvement sites unless the project record specifically details that pipes that are “passable” were installed (Shelmerdine, personal communication, 2007). In either case, it is likely that in the short-term, there will be increased fine sediments in the stream from project work, a potential negative impact to R. cascadae, which is assumed to be counterbalanced by the long-term benefits of increased access to habitat. 

The IRDA database does not contain a lot of specific information for work done along any particular segment of road (e.g. culvert replacement/removal, sidecast pullback, erosion control, etc.). For more details, it would be best to contact the Region 6 Data Resource Management (DRM) organization (http://fsweb-drm.r6.fs.fed.us/). 

 
Chemical Applications: Herbicides, pesticides, fire retardants, salt, and fertilizers can all impact amphibians, particularly since these animals breathe through their skin which must stay moist and permeable. Many chemicals are associated with urban and agricultural landscapes and so, in theory, the impact from these types of spraying projects would not affect R. cascadae, which resides high in the watershed. However, in the Sierra Nevada foothills of California, air-borne pesticides traveling through the Central Valley on winds may be one of the primary threats to foothill yellow-legged frogs (Rana boylii) (Lenoir et al. 1999; Sparling et al. 2001). It is possible, therefore, that broad-scale herbicide treatments applied to suppress the shrub layer on forest lands after harvest could have the potential to negatively impact R. cascadae. In addition, episodic release of chemicals trapped in snowmelt may have some direct and indirect effects on R. cascadae, particularly where they may accumulate in the foothills of the Cascade Range (Olson, personal communication, 2009). Though wildfire is a relatively rare event west of the Cascades (but could increase as climate patterns change), and the use of prescribed fire (particularly in riparian areas) is minimal, the effects from fire retardants are nevertheless not fully known. Salt and sand, as components of roads and ski area management, have the potential to enter the stream channel and affect the species, though this has yet to be studied. 

On federal lands, herbicides, used for such work as eradicating and minimizing the spread of invasive plant species, would be the chemicals most likely to impact amphibians. Herbicides, in a general sense, pose less risk to amphibians (than other types of pesticides) because they do not target species that have nervous systems. However, there are also little data on specific effects to amphibian species from herbicides (and none for R. cascadae), and many conclusions regarding impacts have been extrapolated from toxic effects observed on fish (Bautista, personal communication 2007). Most of the active ingredients in herbicides commonly used are not considered to be especially toxic to aquatic biota, but some (e.g. picloram and the ester formulation of triclopyr) can be toxic, especially at high doses or in the event of an accidental spill. Information about surfactants and other adjuvants is less well known. The surfactant in Roundup®, rather than the glyphosate (the active ingredient), is known to be lethal to aquatic organisms, including frog larvae (Relyea 2005). Also, the petroleum solvent in sethoxydim is known to be toxic to aquatic organisms. Herbicides with known toxicity to aquatic organisms contain instructions on the label to avoid application to surface waters. 
    
In 2005, the Forest Service completed a regional (for Oregon and Washington) environmental impact statement (http://www.fs.fed.us/r6/invasiveplant-eis/) for the Invasive Plant Program (USDA 2005). The EIS does not provide specific guidance on herbicide use in riparian areas except to say that if there is a likelihood of the herbicide entering the water, then aquatic formulations should be used (Bautista, personal communication, 2007). It is possible that herbicides may enter the water if emergent and streamside vegetation is being treated, however, based on models and estimates by the EIS team, the amounts are expected to be very low. The herbicides will likely be rapidly bound to sediment or diluted and so, while the potential for exposure is there, when it does occur it should be in such low doses as to not pose a risk of toxic effect (based on the limited data available).

Additionally, the Gifford Pinchot and Mt. Hood National Forests have each completed their own separate environmental impact statements (USDA 2008 a and b) and the Willamette has done an environmental assessment (USDA 2007). All are at present implementing treatments and approximately 80% of infestations are along roads (Bautista, email communication, 2010). In riparian areas, there are substantial Japanese knotweed (Fallopia japonica) infestations, primarily on the Gifford Pinchot and Willamette, which are lower in the watershed. Though there is a large data gap with respect to effects from herbicides, the data indicate that there are not likely to be substantial or lethal effects on salamanders. This is due to the kinds of herbicides the forests use, including those applied in riparian areas, the buffers required around wet areas, the application method (hand application as opposed to spray), and the low likelihood for overlap between treatment sites and R. cascadae locations (Bautista, email communication, 2010).

For Bureau of Land Management lands, the agency plans to complete the Vegetation Treatments Using Herbicides on BLM Lands in Oregon Environmental Impact Statement this year. This analysis, covering BLM ownership in Oregon and Washington, will include a larger list of pesticides available for use (as compared to what’s allowed under the Forest Service EIS), including ones that can be applied in water to kill aquatic invasive plants (Bautista, email communication, 2010).

Fire: The effects to R. cascadae from fire are unstudied though it might be assumed that negative impacts could result from an infusion of sediments, channel reorganization, changes in water temperature or biochemistry, and altered peak flows from the removal of canopy cover. The natural fire pattern on the west side of the Cascade Range is large catastrophic events with long return intervals (Agee 1993). Due to the relative rarity of fire and because of the reduction in timber harvest over the past decade on federal lands, which had provided a large portion of the acres that were subsequently burned, as well as increased smoke management restrictions, the amount of landscape subjected to prescribed fire has markedly decreased and therefore the impacts of such planned burns to R. cascadae should be minimal. Dunham et al. (2007) found elevated summer maximum water temperatures in streams following wildfire in central Idaho, particularly in streams with channel reorganization from debris flows and flooding post-fire. However, tailed frog larvae were documented post-fire in waters warmer than previously reported in the field, suggesting their resilience to post-fire stream conditions. Torrent salamanders are highly sensitive to temperature changes, so the response of R. cascadae to post-fire conditions, especially when stream temperatures may remain elevated for at least a decade after fire, may be negative where refugia from elevated temperatures are not available (Dunham et al. 2007). 

In terms of wildfire on private and state lands within the range of R. cascadae, the same will be true, that the effects should be minimal due to the relative rarity of natural events. As for managed fire, state forest lands in Washington typically only do pile burning after harvesting, or may remove a lot of the material for wood recycling at some facilities that have been established in recent years on the Olympic Peninsula (Bentley, personal communication, 2007). Broadcast burning is rare on state lands and only slightly less rare on private lands largely due to regional smoke management restrictions. Given that R. cascadae reside largely in, or adjacent to, streams, where fuel moistures are higher, fire that does creep into these riparian areas will likely not completely consume the vegetation (Bentley, personal communication, 2007). However, headwaters that are blocked off by impassable culverts could limit the ability of R. cascadae to move in response to fire and subsequently recolonize (Davis, personal communication, 2009). 

Volcanism: Prior to 1980, Rhyacotriton cascadae existed in seeps in the vicinity of Mount St. Helens, and was assumed to be present during the eruption (Crisafulli et al. 2005). In 1982, individual R. cascadae greater than two years old and juveniles were found in a tributary to Bean Creek on Mount St. Helens, suggesting that the species survived the 1980 eruption and successfully reproduced post-eruption (Zalisko and Sites 1989, Crisafulli et al. 2005). Many of the seeps inhabited by R. cascadae were located in deep gorges facing away from the blast, or behind ridges. They also were on steep slopes, cliffs, and in cool groundwater, which may have ameliorated the effects of the disturbance (Crisafulli et al. 2005). R. cascadae were not found, however, during surveys from 1983–1985 and 1995–2000, and substantial habitat alteration, particularly in drainage networks from 1980–2000, likely reduced the ability of R. cascadae to re-establish populations on the landscape (Crisafulli et al. 2005). Therefore, this species may be able to survive an eruption if some microhabitat components are maintained, but the re-establishment of the species across the landscape could be a long-term process. 

Disease and Parasites: Diseases in Rhyacotriton cascadae are unknown at present (Lannoo 2005). Nonetheless, in recent years, the topic of disease and amphibians has become a global concern and even more recently, a national one. Beginning in 1995, a series of mass salamander mortalities was documented across the U.S. Two iridoviri, Ambystoma tigrinum virus (ATV) (Jancovich et al. 1997) and Regina ranavirus (RRV) (Bollinger et al. 1999) have been isolated and implicated as the cause of these mortalities. Prior to this time, iridoviri were not known to infect salamanders, indicating that a new strain has developed and become virulent towards salamanders. Recent research by Jancovich et al. (in press) suggests that this disease is being spread via anthropogenic means, most likely live bait sales of salamanders. There have been no incidents of iridovirus-induced mass mortality in the Pacific Northwest, nor is there any indication whether stream salamanders are susceptible.

Additionally, a chytrid fungus, Batrachochytrium dendrobatidis, or “Bd,” has also been implicated in the decline of amphibians (Berger et al. 1998). Pearl et al. (2007) sampled pond-breeding amphibians from 37 field sites in Oregon and Washington and found four species that tested positive for Bd:  Northern red-legged frog (Rana aurora), Columbia Spotted Frog (Rana luteiventris), Oregon Spotted Frog (Rana pretiosa), and American Bullfrog (Lithobates catesbeiana [formerly Rana catesbeiana]). The only area in this study without evidence of Bd was the Olympic National Park. Although more prevalent in anurans, salamanders also have been documented with chytridiomycosis (see the most recent compilation of information at http://www.parcplace.org/Bd_conference.html), and mortality has also been occurring (Olson, personal communication, 2007). It is possible that L. catesbeiana is a vector for Bd (Daszak et al. 2004) while itself being fairly resistant to the effects of the disease. 

There is a parasite, Lagarocotyle salamandrae, that has been documented in R. cascadae, which appears to be specific to Rhyacotriton spp. (not having been found in Dicamptodon copei or D. tenebrosus) and occurs within a limited range of the animals’ distribution (Kritsky et al. 1993). 

Recreational Activities: In general, recreation is probably not going to have a great impact on R. cascadae given its residence in steep streams high in the watershed. However, people tend to migrate to streams while they are recreating. In the Columbia River Gorge Natural Scenic Area, there is an illegal trails problem where people often follow and cross streams off trail and, in some cases streams have been channelized for trails (Fiedler, personal communication, 2009). This is likely also occurring in other parts of the range. It is possible that trails made by humans, pollutants from vehicles (at stream/road crossings), and inputs of salt and sand from ski areas may have negative effects to the species. None of these have been studied in relation to any of the torrent salamanders however. 

Mining: Within the habitats of R. cascadae, mining is not a significant activity, however mining water, particularly if acidified to some degree as it commonly is in the Pacific Northwest, will increase the availability of heavy metals and could be deleterious to R. cascadae (Hayes, personal communication, 2009.). Recreational mining (gold panning) does occur on the National Forests and BLM lands within the species range, and may produce localized effects to individual animals, but there has not been documentation that this is significant. Likewise, recreational and small-scale operations occur on state and private lands though how these overlap with the habitat of R. cascadae is not known. The specific effects of mining activities on R. cascadae have not been studied. Mining operations tend to be on larger systems than headwaters, so R. cascadae is likely not impacted by this activity (Davis, personal communication, 2009). 

Climate Change: The effects of climate change specifically on R. cascadae are unknown. However, in the Pacific Northwest, changing weather patterns are expected to result in:  warmer temperatures, especially in the summer; increased amounts of rainfall (although this may not be very noticeable until late in the 21st century); reduced snowpack (with more precipitation falling as rain rather than snow); more variable temperature and precipitation; changes in snowlines; earlier spring melting; and increased risk of winter flooding, especially in smaller streams west of the Cascade Range (Mote et al. 2003). Concerns for water availability from snow melt and headwater stream flows, especially in the central and southern Cascade Range have been suggested (Suzuki and Olson, submitted). It is possible that shifts in the timing of runoff will result in increased summer drought and a decrease in suitable headwater habitat (Halofsky, et al., in press). As stated above in the section on habitat, torrent salamanders are very tied into aquatic environments due to their intolerance to desiccation (Ray, 1958) and for this reason may be quite vulnerable to changing water regimes. Rhyacotriton range projections in response to these climate change patterns may include distributional shifts to stream reaches with sustained flows, which may be related to elevation, aspect, and latitude (Olson, personal communication, 2010). The Oregon range of this species may be of more concern to altered habitats in this regard than the Washington portion of the range (Suzuki and Olson, submitted).
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Keeping in mind the species’ patchy distribution, approximately 45% of the range of Rhyacotriton cascadae is within federal ownership (2,659,844 acres) in the Gifford Pinchot National Forest, Columbia River Gorge National Scenic Area, Mount St. Helens National Volcanic Monument, Mt. Hood National Forest, Willamette National Forest, Mt. Rainier National Park, and the Spokane, Salem, Eugene and Prineville districts of the Washington and Oregon Bureau of Land Management. Approximately 2,335,535 acres are on National Forest System lands and 246,571 acres on BLM, and 35,429 acres on National Park lands. Another 42,308 acres are managed by the Army Corps of Engineers and the U.S. Fish & Wildlife Service. The remainder of the range is located on a combination of Washington and Oregon state, tribal, private lands, and urban areas, including county parks and water districts (see Figure 5). 

About 22% of the species range occurs in federal land use allocations with significant protection. Approximately 8% of the species range occurs in congressional reserves (wilderness areas in National Forests and Mount Rainier National Park; Table 1). Another 14% is designated as “Late-Successional Reserve” or “LSR”, an allocation from the 1994 Northwest Forest Plan that has as a management objective “to protect and enhance conditions of late-successional and old-growth forest ecosystems, which serve as habitat for late-successional and old-growth related species including the northern spotted owl” (USDA and USDI 1994, Table 2). Though varied management activities can take place in LSRs, protections such as buffers for certain species and sensitive land types, as well as specific guidelines for projects such as salvage and silvicultural treatments are specified. Another 16% of the range area is allocated from the NWFP are categorized as “Other,” which includes “Matrix” (where “most timber harvest and other silvicultural activities would be conducted”; USDA and USDI 1994) and “Riparian Reserves” (where there is the prohibition or regulation of activities that retard or prevent attainment of the Aquatic Conservation Strategy objectives”; USDA and USDI 1994). Finally, approximately 4% is allocated as “Adaptive Management Area” (landscape areas “designated to encourage the development and testing of technical and social approaches to achieving desired ecological, economic, and other social objectives” (USDA/USDI 1994)). Lands designated as AMA or Matrix (20% of the total range) must still meet standards and guides for riparian reserves and known northern spotted owl activity centers (USDA/USDI 1994). 

The major threats currently to Rhyacotriton cascadae appear to be the removal of streamside vegetation, the presence of impassable culverts, sedimentation, and the lack of connectivity between stream habitats. In some circumstances, upland timber harvest may have a role in increased stream temperatures, altered peak flows, and sedimentation. Throughout the range of the species, almost half of the land area is in private ownership whereas a bit less than half is under federal management [similar proportions exist for where the species is Forest Service and BLM Sensitive (in Washington)]. Congressionally reserved and administratively withdrawn areas on federal lands, and riparian protections (primarily for fish bearing streams) in areas where timber harvest activities are planned minimize the effects of federal land management on the conservation of this species (46% of the species range).  In addition, decommissioning roads and minimizing the amount of new roads constructed in riparian areas have been a priority on federal lands, and further reduce potential future negative effects of federal management on this species.  For federal lands, restoration efforts to assist in the conservation of this species might consider focusing on non-fish bearing streams, to remove passage barriers for amphibians, remove or relocate roads, and provide headwater upslope linkages/buffers from management activities. 

1
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	Range of Rhyacotriton cascadae (5,887,234 total acres)

	Private
	State
	Other (Water, Undetermined)
	Federal*
	NWFP allocations, BLM and Forest Service (2,695,468 acres**)

	2,851,528
(48.4 %)
	360,082
(6.1%)
	15,781 (.3%)
	2,659,843** (45.2%)
	Adaptive Manage-
ment Areas (AMA)
	Administratively Withdrawn (AW): timber harvest precluded
	Congressionally Reserved: wilderness, national parks & monuments, wild & scenic rivers, national wildlife refuges, military reservations
	Late-Success-ional Reserve
	Managed Late-Successio-nal Area (MLSA)
	Other (Matrix, Riparian Reserves)
	Un-defined

	
	
	
	
	250,339 (9%)
4% of total 
	167,222 (6%)
3% of total
	473,931 (18%)
8% of total
	803,707 (30%)
14% of total
	285 (<1%)
	936,290 (35%)
16% of total
	58,202 (2%)
< 1% of total



*This number includes acres on National Forest, Bureau of Land Management, National Park, Army Corps of Engineers, and U.S.Fish & Wildlife Service.

**These numbers were obtained from two different data sets and, as such, do not correspond exactly (the total federal acres should be larger than those acres defined by the Northwest Forest Plan). When considering more than 2.5 million acres, however, a difference of 40,028 acres seems relatively minor; the more important aspect is the relative amounts of land in each category. 
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Table 2. Land Allocations within the range of Rhyacotriton cascadae in Washington only
 

	Range of Rhyacotriton cascadae (2,687,154 total acres)

	Private
	State
	Other (Water)
	Federal
	NWFP allocations, BLM and Forest Service (1,128,873 acres*)

	1,270,123
(47 %)
	282,649
(11%)
	14,082 (<1%)
	1,120,175* (42%)
	Adaptive Manage-
ment Areas (AMA)
	Administratively Withdrawn (AW): timber harvest precluded
	Congressionally Reserved: wilderness, national parks & monuments, wild & scenic rivers, national wildlife refuges, military reservations
	Late-Success-ional Reserve
	Managed Late-Successio-nal Area (MLSA)
	Other (Matrix, Riparian Reserves)
	Un-defined

	
	
	
	
	143,157 (13%) 
5% of total
	89,617 (8%)
3% of total
	215,544 (19%)
8% of total
	349,653
(31%)
13% of total
	285 (<1%)
	322,777 (29%)
12% of total
	7,836 (<1%)




*Like in Table 1, the acreage figures come from two different data sources and as such, do not correspond exactly.
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[bookmark: _Toc284572592]Figure 5. Land Ownership within the range of Rhyacotriton cascadae.
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Known Management Approaches

There are no management activities currently being implemented that are designed specifically for the conservation of Rhyacotriton cascadae. On National Forest System lands, strategies associated with the Northwest Forest Plan’s Aquatic Conservation Strategy (USDA and USDI 1994) benefit the species. These strategies include protecting headwater riparian areas, minimizing bank erosion, ensuring an adequate and continuous supply of coarse woody debris to channels, providing shade and microclimate protection, decommissioning roads, and replacing impassable culverts with structures designed to allow for movement of aquatic species. Similar ancillary benefits to amphibians also may occur on other ownerships with other programs, as illustrated by the signing of the Washington State Department of Natural Resources Forest Practices Habitat Conservation Plan (WA DNR 2005). This plan protects stream habitat on state and private lands in Washington and includes work to improve forest roads and culverts and buffers along stream banks. This work will benefit amphibians also but whether it specifically aids in conserving R. cascadae depends on whether the species is located in the areas of work (therefore, the need for additional surveys). 
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Given the various land ownerships on which the species occurs, management of each occupied stream should be considered individually. However, general strategies for conserving the species include the following:

· Protect headwater stream habitat. On federal lands, riparian buffers around permanently flowing, non-fishbearing streams are 150 feet, however buffers are not “no-cut” areas and riparian thinning is sometimes done to provide coarse wood to the stream or to release conifers that will provide future structure. With few studies examining the effects of harvesting on the salamanders in terms of increased sedimentation or water temperature, it seems prudent to keep fine sediments and decreases in canopy cover to a minimum. Olson and Weaver’s (2007) finding of a strong association of Rhyacotriton with intermittent streams suggests that extension of stream buffers into reaches with discontinuous flow would benefit this species.
· Consider expanding riparian reserve boundaries. At certain sites, e.g. near ridgelines where there may be movement between drainages, consider larger riparian reserve widths and no-cut areas. Olson et al. (2007) outline a conservation approach for amphibians that would include a mix of riparian and upslope management approaches to address all life stages. These may include wider riparian management zones (40–150 m), patch reserves along headwater streams, and management of upslope forests to promote connectivity between drainages. Such a strategy could provide additional riparian buffering in steep areas or debris-flow-prone areas, to reduce landslides and sedimentation. In forests fragmented by timber harvest activities, these reserves could provide “linkage areas” for aquatic and terrestrial species at a variety of scales (landscape, drainage basin, and forest stand (Olson and Burnett 2009). Provisions for maintaining ground cover in identified headwater linkage areas may provide refugia for dispersing animals (Olson et al. submitted). Green tree retention in riparian areas and uplands also would have the benefit of retaining historical stream flow conditions, and reducing likelihood of peak flow events from overland runoff from clearcuts that could sluice headwater streams.
· Replace culverts that do not allow for amphibian passage. The little information available on distances traveled during seasonal migrations and size of territories makes it difficult to know how a particular culvert may be fragmenting habitat or isolating individuals or sub-populations of R. cascadae. Assuming, however, that the species disperses to some degree and with the addition of more information on the distribution of R. cascadae, priorities could be made as to which culverts to replace, especially when they are not located in fish-bearing streams.
· Minimize road construction near streams occupied by R. cascadae. Based on the earliest concerns for the species that sedimentation and increased water temperature would negatively affect R. cascadae, new roads around headwater streams, should be minimized. Additionally, current roads near streams that contribute sediment should be proposed for removal. 
· Avoid introducing chemicals into the streams. In areas where headwater streams intersect with road crossings and where invasive plant species may be an issue, minimize the amount of herbicide or pesticide used to eradicate the noxious weeds, or apply very specifically, e.g. by injection.
· Avoid the spread of disease. Even though disease has not been documented in R. cascadae, biologists should be aware of and report observations of ill or dead animals. Individuals or tissues collected can be analyzed at regional or national laboratories. Bd may be spread by surveyors to other water bodies from boots or nets; disinfection protocols include bleaching equipment between uses in different aquatic locations.
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INVENTORY, MONITORING, AND RESEARCH OPPORTUNITIES
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There are a number of unknowns regarding Rhyacotriton cascadae. Studies to obtain additional location data, as well as more complex endeavors to understand life history needs and determine anthropogenic effects to the species will help to inform future management decisions. Specifically, information is needed in the following areas:

· The distribution of the species, particularly in the northern part of its range, in between the disjunct population and the Cowlitz River, and in the southern part of its range to investigate the potential for range expansions. In western Washington, additional surveys on the scattered parcels of BLM land and on the Gifford Pinchot National Forest could provide more information on the species distribution (Kogut and Lowe, personal communications, 2009). In western Oregon, additional surveys in the northwestern corner of the Prineville BLM district, the Wilderness areas adjacent to the Deschutes National Forest, and on the northern end of the Umpqua National Forest could also inform R. cascadae distribution (Demmer, Davis, and Turner, personal communications, 2009). 
· Increased knowledge of species abundance patterns. 
· Headwall and zero-order basin habitats for these species, and more details on what management may be required to maintain these habitats. 
· Role of intermittent streams and below surface habitats in the biology of the species.
· Details of instream movements to determine if the species typically remains in one place and how far they will move up and down stream channels. This can provide a basis for informed investigations of interactions with potential competitors and predators including Dicamptodon spp. and fish species. 
· Details of terrestrial movements, particularly over ridges to other drainages and perpendicular to stream corridors, and how culverts, roads, and timber harvest in uplands may or may not be fragmenting habitat. This will also provide a basis for estimating how far they can move in response to habitat changes, such as when streams dry out. 
· Effects of climatic changes and how those changes may affect distribution.
· Effects of land use practices at a variety of spatial scales, so the results can be used to inform management over a broader area. 
· Impacts, if any, of pollutants such as herbicides and pesticides.
· Prevalence of disease, such as Bd.
· Microclimate needs, including nest sites, larval stages, juvenile habitat requirements, breeding and post-metamorphic migrations, feeding behavior, temperature and humidity thresholds, cover needs, and hibernation sites (if the species hibernates). Understanding these life history characteristics would then allow for comparison of the effects between different management activities within the riparian areas, and consequently, how best to conserve the species on lands with other objectives as well. 
· Life history characteristics such as diet, reproductive biology, population genetic structure, and development rates across the range, and if any differences observed can be explained by habitat.
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Survey approaches may vary depending on a study’s objectives, budget, and available labor. Several aspects of the survey design are relevant to consider: 1) site selection, where site is often the stream reach to be sampled; 2) sampling frequency within a site, including how many stream units or segments are sampled within a stream reach; 3) sampling method at the stream unit or segment, such as hand sampling or electrofishing; 4) intensity of sampling method, such as complete substrate removal or light-touch turning of substrates; 5) timing of the sampling, such as which season and during the day or night; and 6) the detection probability of the method. Relative to site selection, random selection of streams allows inference of findings to be applied to the broader study area in streams of similar character. Case studies often do not have such a luxury because they are driven by established projects, and hence findings are directly applicable only to the site itself but results might be considered if similar areas and treatments are proposed. Several past studies can be used as examples for current and future project proposals.

Either multiple sub-samples or a combination of extensive and intensive survey methods have been suggested in order to assess patchily distributed organisms for inventory or relative abundance measures. Multiple sub-samples may be termed “belts” because they typically extend the wetted width of streams, and may or may not extend to banks (e.g., Welsh and Ollivier 1998). The length of belts may differ with the study objective and stream size. The following examples show uses of three 5-m belts and ten 2-m belts. 

Welsh (1987, 1990) used three 5-m samples (at least 50 m from each other) for each stream to sample species composition and abundance of the herpetofauna of mixed coniferous-hardwood forests of northwestern California and southwestern Oregon. Welsh (1987) described this as an “area-constrained aquatic search,” where surveyors worked upstream, placing nets behind them and working systematically to move all rocks, logs, and debris possible to capture all animals within the reach. The advantages of this technique include obtaining data on species richness, relative and absolute abundance, biomass, microhabitat association, habitat preference, and demographics. The disadvantages include cost and the facts of the method being labor intensive and time-consuming (Welsh 1987).

In looking at habitat associations, Olson and Weaver (2007) used ten 2-m long belts to assess occurrence and abundance of headwater-dwelling amphibians in western Oregon. Reaches with fish were electrofished, and reaches without fish were rubble roused using a light touch approach of turning over and replacing substrates. Torrent salamanders (R. variegatus and R. cascadae) had higher instream abundance and detection in spring, as compared to summer.

Quinn et al. (2007) compared two techniques, “rubble-rousing” and “light touch,” in surveying for headwater stream amphibians, specifically Ascaphus truei and R. kezeri. Rubble-rousing was far more labor-intensive, requiring 12 times longer to apply than light touch, but was also a thorough method and could locate certain life stages that were buried in substrate, such as A. truei eggs or torrent salamanders. It is more destructive to the streambed and also limited the amount of area that could be surveyed. Light touch allowed a greater proportion of the landscape to be inventoried and minimizes alteration to the habitat. 

A recent study including portions of the range of R. cascadae on industrial forest lands investigated relationships between stream-associated amphibian occupancy and detection probability, environmental variables, and management effects using repeated samples of stream reaches (Kroll et al. 2008). Surveys were focused on the following three genera: Rhyacotriton, Dicamptodon, and Ascaphus. These surveys were conducted on randomly selected perennial 1st, 2nd, and 3rd order streams using a removal-sampling design, where stream reaches were searched for amphibians by two individuals until each species was detected or after a 1.25 hour period. Streams were sampled up to three times each, until each taxa was encountered. Mean detection probabilities were less than one for all three genera, indicating that detection may vary by species, habitat, and/or forest management, and where not estimated, could bias measures of occupancy. 

Additionally, data collected for the Riparian Ecosystem Management Study on the Olympic Peninsula (Raphael et al. 2002; Bisson et al. 2002) used thirty 1-m belts and the rubble-rousing technique to provide information on relative abundance of species, age class distribution, and microhabitat use (eg. cover objects and flow regime). Surveys were conducted during low summer flows and all surface objects within the belt were searched (with screen held downstream to catch any animals that are pushed out with the current) after a visual inspection of the area had been done. 

Corn and Bury (1989) and Bury and Corn (1991) used intensive sampling for headwater (1st to 3rd order) amphibians in the Pacific Northwest. Their design addressed both occurrence and relative abundance to compare species distribution among multiple, randomly selected streams over a wide geographic area. Salamanders were hand-collected over a 10-m long stream segment. They blocked stream segments with nets and all substrate was intensively “rubble-roused” in sample study reaches. Hand-collecting was considered less useful on streams > 2 m in width and, although electroshocking selects against smaller specimens, it was considered necessary to represent species presence in streams > 2 m in width. Twenty-two streams were determined to be necessary to obtain an error of 1 specimen m-2, and 90 streams were determined to be necessary to obtain an error of 0.5 specimens m-2. The potential drawback of this approach is that it may miss species detections if animals are patchy in distribution within or among reaches of a stream system, and may misrepresent abundances if abundance patterns are similarly variable within or among reaches. Rhyacotriton spp. presence in streams does not appear to be effectively determined by sampling methods limited to relatively short reaches (Diller and Wallace 1996; Hayes et al. 2002; Russell et al. 2004), and caution should be used when drawing conclusions from studies using these types of data (e.g., Stoddard 2001, Welsh and Lind 2002, Russell et al. 2004). 

Bury and Corn (1991) found merit in summer sampling because it tends to eliminate temporally intermittent streams and may decrease the possibility of adults being in terrestrial environments. Also, they noted that sampling during other periods may make collecting difficult given increased discharge. Whatever the season chosen for sampling, year-to-year comparisons would only be valid when comparing within the same season (and when using the same method).

Diller and Wallace (1996) utilized a “rapid assessment” approach that allowed many streams to be sampled during a short time period. Sample locations were selected from maps and were initiated upstream of road crossings. Objects deemed suitable as cover for the southern torrent salamander (R. variegatus) were overturned moving upstream for 500 m. When an individual was encountered, a more intensive survey of 30 m was initiated upstream from that point to determine whether additional individuals could be found nearby. If no individuals from a species were found within a 500-meter stretch, that species was deemed absent.

In northwestern California, Welsh and Hodgson (1997) used a strategy focusing on a 300 m reach of stream and combined sampling within the stream as well as upslope. The specific methods included 1) walking downstream to up and visually documenting all animals observed, 2) using an area-constrained search for six units, randomly chosen, within the 300 m reach, 3) employing a 30-minute area-constrained search in available seeps or springs, and 4) using a timed-constrained search to sample species in the upland environments from > 10 m from the riparian vegetation to ≤100 m distance. The only method that detected the southern torrent salamander, Rhyacotriton variegatus, was the search focusing on seeps and springs (#3), and it provided presence data and density estimates for the species. Welsh et al. (2005) used a similar approach, minus the upland portion, and analyzed species distributions relative to three vegetation types (grassland, second-growth forest, late-seral forest) and two hydrologic regimes (perennial vs. intermittent). 

Jones and Raphael (2000) used a visual identification method (spotlight survey) over long stream sections to obtain occurrence data. This method is well suited to presence/absence studies, and although it can be used to calculate abundance, more intensive designs may be more reliable. It is used extensively, is low on labor, and permits rapid sampling over broad geographic areas. 

[bookmark: _Toc185677831][bookmark: _Toc185820285][bookmark: _Toc185820942]In the Washington Cascade Range, if sampling for Plethodon vandykei is an objective in addition to sampling for R. cascadae, then the federal sampling protocol for that species along banks and in seeps may be considered during design of survey approaches (Jones 1999). 

Overall, rapid assessment surveys appear to be an effective means of quantifying both occurrence and relative abundance. It has relatively low labor costs and permits monitoring and research to be done over broad geographic areas. Although it does not avoid substrate disturbance as with the spotlight survey method, disturbance is far less than the rubble-rousing method. Sampling distances < 350 m are likely to result in 100% detection, although further study is warranted to determine the exact threshold. 
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Tracking of land management activities at Rhyacotriton cascadae sites, particularly across different ownerships, will provide quantification of the effects of different management approaches regarding stream buffers, culvert and road barriers, and harvest within the riparian area. If impacts to the species can be consistently documented, then questions can potentially be answered regarding changes in populations, how (or if) certain human activities pose a threat to R. cascadae, and if current habitat protection measures are adequate. Long-term monitoring of known sites, in “protected” landscapes, such as in national park and wilderness areas, compared to “managed” lands, may also provide insight into the extent of threats that are uncertain or undocumented at present, such as climate change and disease. Without baseline information, it will be impossible to determine the degree of future changes in populations or habitat use.
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Research opportunities to determine unknown life history characteristics and the effects of land management activities on Rhyacotriton cascadae are listed below:

· Distribution—How is the species distributed across its range?
· Habitat—What is the relationship between what may be intrinsically poor habitat (lower-gradient, higher-order streams), which has also historically been more affected by human activities, timber harvest primarily, and higher-gradient, lower order streams, which may provide the best habitat and has possibly also been affected less by timber removal?
· Microsite—What is optimal habitat (including amounts of cover and ranges of temperature and humidity) for nesting, larval development, feeding, and hibernating?
· Movement—Does the species disperse (and under what conditions) between watersheds, and are specific habitat elements required for successful dispersal?  What role, if any, do culverts and roads play in preventing effective movement between sections of stream habitat?  What role could sections of forest reserves over ridgetops play in providing effective movement corridors for dispersal to other drainages? 
· Riparian management—Some timber removal, varying in degree, occurs in watersheds where R. cascadae have been documented; to what degree may this removal and disturbance affect any of the life history stages?
· Culverts—What are the effects of culvert types on instream movements and demography of populations?  Are they barriers?
· Bd—Does Bd infect Rhyacotriton?  Do Rhyacotriton develop symptoms of the disease chytridiomycosis?
· Climate change—What are the expected effects of climate change on Rhyacotriton? Climate envelope modeling and landscape modeling of effects on headwater streams are needed.
  

[bookmark: _Toc185676955][bookmark: _Toc185677833][bookmark: _Toc185820287][bookmark: _Toc185820944][bookmark: _Toc212622739][bookmark: _Toc212623006][bookmark: _Toc212623472][bookmark: _Toc212948519][bookmark: _Toc216608316][bookmark: _Toc253399686][bookmark: _Toc253399807][bookmark: _Toc253400355][bookmark: _Toc284578182]
ACKNOWLEDGMENTS

[bookmark: _Toc284575299][bookmark: _Toc284578183][bookmark: _Toc185676956][bookmark: _Toc212622740][bookmark: _Toc212623007][bookmark: _Toc212623473][bookmark: _Toc212948520][bookmark: _Toc216608317][bookmark: _Toc253399687][bookmark: _Toc253399808][bookmark: _Toc253400356]We’d like to thank everyone who generously donated their data for this assessment: Char Corkran, A.J. Kroll, Dede Olson, Aimee McIntyre, Mark Isley, Corbin Murphy, Jennifer Weikel, and Wynn Cudmore. We’d also like to thank those just mentioned, as well as Lori Salzar, Jim England, Chuti Fiedler, Rick Demmer, Jason Lowe, Scott Hopkins, Roberta Swift, Laurie Turner, Tom Kogut, Chris Rombough, Cheryl Friesen, Ray Davis, Alan Dyck, Mike Blow, Lisa Hallock, Marc Hayes, Bruce Bury, Charlie Crisafulli, and Mike Adams, for their willingness to answer many questions concerning R. cascadae. Jeff Muehleck provided invaluable GIS assistance compiling the data and making the maps, and this never would have been completed without funding from the Interagency Special Status/Sensitive Species Program (ISSSSP) and the support of Rob Huff and Carol Hughes.


[bookmark: _Toc284578184]METRIC EQUIVALENTS

	[bookmark: _Toc284575301][bookmark: _Toc284578185]When you know:
	[bookmark: _Toc284575302][bookmark: _Toc284578186]Multiply by:
	[bookmark: _Toc284575303][bookmark: _Toc284578187]To find:

	[bookmark: _Toc284575304][bookmark: _Toc284578188]Acres (ac)
	[bookmark: _Toc284575305][bookmark: _Toc284578189].405
	[bookmark: _Toc284575306][bookmark: _Toc284578190]Hectares


                                                                                                                                                 
[bookmark: _Toc185677834][bookmark: _Toc185820288][bookmark: _Toc185820945][bookmark: _Toc212622741][bookmark: _Toc212623008][bookmark: _Toc212623474][bookmark: _Toc212948521][bookmark: _Toc216608318][bookmark: _Toc253399688][bookmark: _Toc253399809][bookmark: _Toc253400357][bookmark: _Toc284578191]
DEFINITIONS

Adaptive Management Area: A federal land allocation (along with Congressionally Reserved Areas, Late Successional Reserves, Managed Late Successional Areas, Administratively Withdrawn Areas, Riparian Reserves, and Matrix) under the NWFP designed to develop and test new management approaches to integrate and achieve ecological, economic, and other social and community objectives. Timber harvest varies by management area.

Administratively Withdrawn Area: A federal land allocation (along with Congressionally Reserved Areas, Late Successional Reserves, Adaptive Management Areas, Managed Late Successional Areas, Riparian Reserves, and Matrix) under the Northwest Forest Plan that include recreational and visual areas, back country, and other areas not scheduled for timber harvest.

Allochthonous: Material originating in a place other than where it is found.

Aquatic Conservation Strategy: A federal strategy outlined by the Northwest Forest Plan to incorporate riparian reserves; key watersheds; watershed analysis; and watershed restoration in improving aquatic ecosystems.

Barrier: Any structure or feature that holds apart, separates, hinders movement, or could prevent the mixing of individuals of the same species. A consideration of time should be taken into account in the context of the barriers potential effects to genetic drift or isolation. 

Candidate: Plants and animals for which the U.S. Fish and Wildlife Service has sufficient information on their biological status and threats to propose them as endangered or threatened under the Endangered Species Act, but for which development of a proposed listing regulation is precluded by other higher priority listing activities. 

Congener: Within the same genus. 

Congressionally Reserved Area: A federal land allocation (along with Late Successional Reserves, Adaptive Management Areas, Managed Late Successional Areas, Administratively Withdrawn Areas, Riparian Reserves, and Matrix) under the Northwest Forest Plan reserved by act of Congress for specific land allocation purposes, including: National Parks and Monuments, Wilderness Areas, Wild and Scenic Rivers, National Wildlife Refuges, Department of Defense lands, and other lands with congressional designations.

Connectivity: The linkage of similar but separated suitable habitat patches, by corridors or “stepping stones” of like habitat that permits interaction between individuals or populations over time. Connectivity must consider time in the context of its potential effects to genetic drift or isolation. 

Consolidated geologic formation: A geologic material whose particles are stratified (layered), cemented, or firmly packed together (hard rock); usually occurring at a depth below the ground surface.

Critical Thermal Maximum (CTmax): An index representing the temperature at which an animal loses its righting ability and would perish quickly if not removed to cooler conditions. 

Dispersal: Movement of an animal away from its previous home range or hatch site.

Fragmentation: The loss, division, or isolation of patches of similar habitats at a scale relevant for the species being addressed. 

Global rank: Assigned by the Network of Natural Heritage Programs. Characterizes the relative rarity or endangerment world-wide. Factors including, but not limited to, number of known occurrences are considered when assigning a rank. 
G3 = Rare or uncommon globally. (Typically 21 to 100 occurrences) 	
G4 = Widespread, abundant, and apparently secure globally, with many occurrences, but   
         the taxon is of long-term concern. (Usually more than 100 occurrences) 
GnGn = Two codes (i.e., G1G2) are used to indicate a range of ranks.

Habitat disturbance: Natural or human caused disturbances that likely may have impacts on the species habitat, its life cycle, microclimate, or life support requirements.

Interstitial spaces: Spaces between pieces of substrate such as pebbles, cobbles, and boulders.

Key watersheds: Designated by the Northwest Forest Plan under the Aquatic Conservation Strategy, these watersheds are those that are especially important to at-risk fish species and for high quality water. 

Large, woody debris: A large tree part, conventionally a piece > 10 cm in diameter and 1m in length.

Late Successional Reserve: A federal land allocation (along with Congressionally Reserved Areas, Adaptive Management Areas, Managed Late Successional Areas, Administratively Withdrawn Areas, Riparian Reserves, and Matrix) under the Northwest Forest Plan that maintains a functional, interactive, late successional and old-growth forest ecosystem.

Microhabitat: A smaller part of a habitat that has internal interactions allowing it to function self-sufficiently within a generally larger habitat.

Managed forest: Any forest that is currently, or has in the recent past, been harvested and replanted as part of a timber harvest program. It also refers to any forest that was densely replanted after natural disturbance such as fire or volcanism, 

Management Considerations: Potential management activities designed to achieve the conservation of a species at a site. Management considerations are not mandatory.

Paedomorphic: Retention of larval physical characteristics in the sexually mature stage of development.

Range: The limits of the geographic distribution of a species. 

Riparian: Pertaining to anything connected with or immediately adjacent to the banks of a stream.

Riparian Reserve: A federal land allocation (along with Congressionally Reserved Areas, Late Successional Reserves, Adaptive Management Areas, Managed Late Successional Areas, Administratively Withdrawn Areas, and Matrix) under the Northwest Forest Plan designed to protect riparian and stream structure and function. Riparian Reserves are also an integral part of the Aquatic Conservation Strategy.

Sedimentation: The process of subsidence and deposition of suspended matter from water by gravity.

Sensitive: A category of some state and federal agencies. Any taxon that is vulnerable or declining and could become Endangered or Threatened in the state without active management or removal of threats.

Species of Concern: A US Fish & Wildlife Service category. A taxon whose conservation standing is of concern but for which status information is still needed. Species of concern lists are not published in the Federal Register.

State rank: Assigned by the Network of Natural Heritage Programs characterizes the relative rarity or endangerment within the state of Washington. Factors including, but not limited to, number of known occurrences are considered when assigning a rank. Two codes together represent an inexact range (e.g., S1S2) or different ranks for breeding and non-breeding populations (e.g., S1B, S3N).
S3 = Rare or uncommon in the state. (Typically 21 to 100 occurrences) 	
S4 = Widespread, abundant, and apparently secure in state, with many occurrences, but   
         the taxon is of long-term concern. (Usually more than 100 occurrences) 
SnSn = Two codes (i.e., S1S2) are used to indicate a range of ranks.

Surfactant: A chemical agent that lowers the surface tension of a liquid, allowing easier spreading.

Suspected: When there is not confirmed documentation of a species but there is suitable habitat present in the geographic area of interest, based on professional biological judgment, the species may still be likely to occur.

Taxon: A taxonomic category or group, such as species, genus, family, etc.

Unconsolidated geologic formation: A sediment that is loosely arranged or unstratified (not in layers) or whose particles are not cemented together (soft rock); occurring either at the ground surface or at a depth below the surface.

Unmanaged forest: Any forest that has not experienced human activities for at least a period of time that would allow old-growth conditions to exist.

Watershed analysis: Designated by the Northwest Forest Plan under the Aquatic Conservation Strategy, the analysis of specific watersheds is a set of procedures designed to evaluate watershed conditions to allow for future monitoring and restoration as well as delineation of Riparian Reserves.

Watershed restoration: Designated by the Northwest Forest Plan under the Aquatic Conservation Strategy, watershed restoration is a long-term program designed to restore aquatic and riparian habitat.


[bookmark: _Toc185676957][bookmark: _Toc185677835][bookmark: _Toc185820289][bookmark: _Toc185820946][bookmark: _Toc212622742][bookmark: _Toc212623009][bookmark: _Toc212623475][bookmark: _Toc212948522][bookmark: _Toc216608319][bookmark: _Toc253399689][bookmark: _Toc253399810][bookmark: _Toc253400358][bookmark: _Toc284578192]
REFERENCES

Adams, M.J., and R.B. Bury. 2002. The endemic headwater stream amphibians of the American Northwest: associations with environmental gradients in a large forested preserve. Global Ecology and Biogeography 11:169-178.
Agee, J.K. 1993. Fire ecology of Pacific Northwest forests. Island Press. Washington, D.C. 493 pp.
Bautista, S. 2007. Personal communication. Invasive Plant EIS Biologist. USDA Forest 
Service—Region 6, P.O. Box 3623, Portland,OR 97208.
Bautista, S. 2010. Email communication. Invasive Plant EIS Biologist. USDA Forest 
Service—Region 6, P.O. Box 3623, Portland,OR 97208. 
Bentley, T. 2007 Personal communication. Assistant Fire Staff Officer. USDA Forest Service—Olympic National Forest, 1835 Black Lake Blvd., Suite A, Olympia, WA  98512-5623.
Berger, L., R. Speare, P. Daszak, D.E. Green, A.A. Cunningham, C.L. Gogging, R. Slocombe, M.A. Ragan, A.D. Hyatt, K.R. McDonald, H.B. Hines, K.R. Lips, G. Marantelli, and H. Parkes. 1998. Chytridiomycosis causes amphibian mortality associated with populations declines in the rain forests of Australia and Central America. Proceedings of the National Academy of Sciences 95:9031-9036.
Bisson, P.A., M.G. Raphael, A.D. Foster, and L.L. Jones. 2002. Influence of site and landscape features on vertebrate assemblages in small streams. Pages 61-72. In: Johnson, A.C.; Haynes, R.W.; Monserud, R.A., eds. Congruent management of multiple resources: Proceedings from the Wood Compatibility Initiative workshop. Gen. Tech. Rep. PNW-GTR-563. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station (203 Kb).
Bollinger, T.K., J. Mao, D. Schock, R.M. Brigham, and V.G. Chinchar. 1999. Pathology, isolation and molecular characterization of an iridovirus from tiger salamanders in Saskatchewan. Journal of Wildlife Diseases 35:413-429.
Brattstrom, B.H. 1963. A preliminary review of the thermal requirements of amphibians. Ecology 44:238-255.
Bury, R.B., and P.S. Corn. 1988. Douglas-fir forests in the Oregon and Washington Cascades: Relation of the herpetofauna to stand age and moisture. Pages 11–22. In: R. C. Szaro, K. E. Severon, and D. R. Patton. Eds. Management of amphibians, reptiles, and mammals in North America: Proceedings of a symposium. General Technical Report RM-166. Corvallis, OR, U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.
Bury, R.B., and P.S. Corn. 1991. Sampling methods for amphibians in streams in the Pacific Northwest. USFS Pacific Northwest Research Station General Technical Report PNW-GTR-275, Portland, Oregon.
Bury, R.B, P.S. Corn, K.B. Aubry, F.F. Gilbert, and L.L.C. Jones. 1991. Aquatic amphibian communities in Oregon and Washington. Pages 352–362. In: L. F. Ruggiero, K. B. Aubry, A. B. Carey and M. H. Huff. Eds. Wildlife and vegetation of unmanaged Douglas-fir forests, General Technical Report PNW-GTR-285. Portland, OR, U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.
Bury, R.B. 2008. Low thermal tolerances of stream amphibians in the Pacific Northwest: Implications for riparian and forest management. Applied Herpetology 5:63-74.
Crisafulli, C.M., L.S. Trippe, C.P. Hawkins, and J.A. MacMahon. 2005. Amphibian Responses to the 1980 Eruption of Mount St. Helens, Chapter 13 in Ecological Responses to the 1980 Eruption of Mt. St. Helens, V.H. Dale, F.J. Swanson, and C.M. Crisafulli, Eds., Springer Science+Business Media, Inc., New York, NY.
Crisafulli, C.M. 2009. Personal communication. Research Ecologist, Pacific Northwest Research Station, Olympia Forestry Sciences Laboratory, 3625 93rd Ave. SW, Olympia, WA 98512.
Corkran, C.C., and C. Thoms. 1996. Amphibians of Oregon, Washington and British Columbia:  A field identification guide. Lone Pine Publishing, Edmonton AB, 175 p.
Corkran, C.C. 2009. Personal communication. Naturalist/Wildlife Consultant, Northwest Ecological Research Institute, 130 NW 114th Avenue, Portland, OR   97229
Corn, P.S., and R.B. Bury. 1989. Logging in western Oregon: responses of headwater habitats and stream amphibians. Forest Ecology and Management 29:39-57.
Daszak, P., A. Strieby, A.A. Cunningham, J.E. Longcore, C.C. Brown, and D. Porter. 2004. Experimental evidence that the bullfrog (Rana catesbeiana) is a potential carrier of chytridiomycosis, an emerging funal disease of amphibians. Herpetological Journal 14:201-207. 
Davis, R. 2009. Personal communication. Forest Wildlife Biologist, Umpqua National Forest, 2900 Northwest Stewart Parkway, Roseburg, OR 97471.
Demmer, R. 2009. Personal communication. Wildlife Biologist, Bureau of Land Management—Prineville Office, 3050 N.E. 3rd Street, Prineville, OR 97754.
Diller, L.V., and R.L. Wallace. 1996. Distribution and habitat of Rhyacotriton variegatus in managed, young growth forests in north coastal California. Journal of Herpetology 30(2):184-191.
Dunham, J.B., A.E. Rosenberger, C.H. Luce, and B.E. Rieman. 2007. Influences of wildfire and channel reorganization on spatial and temporal variation in stream temperature and the distribution of fish and amphibians. Ecosystems 10:335-346.
Dyck, A. 2009. Personal communication. Forest Wildlife Biologist, Mt. Hood National Forest, 16400 Champion Way, Sandy, OR 97055.
Fiedler, C. 2009. Personal communication. Wildlife Biologist, Columbia River Gorge National Scenic Area, 902 Wasco Street, Suite 200, Hood River, OR 97031
Frost, D.R., T. Grant, J. Faivovich, R. H. Bain, A. Haas, C.F.B Haddad, R.O. De Sa, A. Channing, M. Wilkinson, S.C. Donnellan, C.J. Raxworthy, J.A. Campbell, B.L. Blotto, P. Moler, R.C. Drewes, R.A. Nussbaum, J.D. Lynch, D.M. Green, W.C. Wheeler. 2006. The amphibian tree of life. Bull. Amer. Mus. Nat. Hist. 297, 370 pp.
Geoffrey Hammerson 2004. Rhyacotriton cascadae. In: IUCN 2009. IUCN Red List of 
Threatened Species. Version 2009.2. <www.iucnredlist.org>. Downloaded on 09 February 2010.
Gomez, D.M., and. R.G. Anthony. 1996. Amphibian and reptile abundance in riparian and
upslope areas of five forest types in Western Oregon. Northwest Science 70:109-119.
Good, D.A., and D.B. Wake. 1992. Geographic variation and speciation in the torrent salamanders of the genus Rhyacotriton (Caudata: Rhyacotritonidae). University of California Publication in Zoology 126:1-91.
Halofsky, J.L, D.E. Peterson, K.A. O’Halloran, and C. Hawkins Hoffman. [In press] Adapting to
Climate Change at Olympia National Forest and Olympic National Park. Gen. Tech. Rep.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station.
Hayes, M. 2009. Personal communication. Senior Research Scientist, Science Division, Habitat 
Program, Washington Department of Fish and Wildlife, 600 Capitol Way North, Mailstop 43143, Olympia, Washington  98501-1091.
Hayes, M.P., T. Quinn, L.V. Diller, L.L.C. Jones, J.G. McCracken, M.J. Raphael, and D.E. Runde. 2002. Evaluation of sampling methods for amphibians in headwater basins of non-fishbearing streams: a preliminary analysis. A final report submitted to the Cooperative Monitoring, Evaluation, and Research Co.
Hunter, M.G. 1998. Watershed-level patterns among stream amphibians in the Blue River watershed, West-Central Cascades of Oregon. Master’s thesis, Oregon State University, Corvallis.
Jackson, S.D. 2003. Ecological considerations in the design of river and stream crossings. Pages 20–29. In: C. L. Irwin, P. Garrett, and K. P. McDermott. Eds. Proceedings of the international conference on ecology and transportation. North Carolina State University, Center for Transportation and the Environment, Raleigh, NC.
[bookmark: i0022-1511-40-3-309-Jones1]Jancovich, J.K., E.W. Davidson, J.F. Morado, B.L. Jacobs, and J.P. Collins. 1997. Isolation of a lethal virus from the endangered tiger salamander, Ambystoma tigrinum stebbinsi Lowe. Diseases of Aquatic Organisms 31:161-167.
Jones L.L.C. 1999. Survey protocol for the Van Dyke's Salamander (Plethodon vandykei). In Olson D.H. ed Standardized Survey Protocols for Amphibians under the Survey and Manage and Protection Buffer Provisions. Version 3.0. 201–252 USDA Forest Service; Pacific Northwest Research Station. Olympia, WA.
Jones, L.L.C. and M.G. Raphael. 2000. Diel patterns of surface activity and microhabitat use by stream-dwelling amphibians in the Olympic Penninsula. Olympia, WA, U.S. Department of Agriculture, Forest Service, Pacific Northweast Research Station.
Jones, L.C., W.P. Leonard, and D.H. Olson, eds. 2005. Amphibians of the Pacific Northwest. Seattle Audubon Society, Seattle, Washington.
Karraker, N.E., L.M. Ollivier, and G.R. Hodgson. 2005. Oviposition site of the southern torrent salamander (Rhyacotriton variegates) in northwestern California. Northwestern Naturalist 86:34-36.
Kogut, T. 2009. Personal communication. District Wildlife Biologist, Cowlitz Valley Ranger District, Gifford Pinchot National Forest, 10024 Hwy 12, Randall, WA 98377.
Kritsky, D.C., E.P. Hoberg, and K.B. Aubry. 1993. Lagarocotyle salamandrae N. Gen., N. Sp. (Monogenoidea, Polyonchoinea, Lagarocotylidea N. Ord.) from the cloaca of Rhyacotriton cascadae Good and Wake (Caudata, Rhyacotritonidae) in Washington state. Journal of Parasitology 79(3):322-330.
Kroll, A.J., K. Risenhoover, T. McBride, E. Beach, B.J. Kernohan, J. Light, and J. Bach. 2008. Factors influencing stream occupancy and detection probability parameters of stream-associated amphibians in commercial forests of Oregon and Washington, USA. Forest Ecology and Management 255:3726-3735
Lannoo, M., ed. 2005. Amphibian Declines: The Conservation Status of United States Species. University of California Press, Berkeley, California.
LeNoir, J.S., L.L. McConnell, G.M. Fellers, T.M. Cahill, and J.N. Seiber. 1999. Summertime transport of current-use pesticides from California’s Central Valley to the Sierra Nevada Mountain Range, USA. Environmental Toxicology and Chemistry 18:2715-2722.
Leonard, W.P., H.A. Brown, L.L.C. Jones, K. McAllister, and R.M. Storm. 1993. Amphibians of Washington and Oregon. Seattle Audubon Society, Seattle, WA, 168 p.
Lowe, J. 2009. Personal communication. Wildlife Biologist, Bureau of Land Management—Spokane Office, 1103 North Fancher Road, Spokane Valley, WA 99212-1275
MacCracken, J.G. 2004. Rhyacotriton cascadae (Cascade torrent salamander) nest. Herpetological Review 35(4):367.
Marangio, M. 1988. Olympic salamander. In: D.C. Zeiner, W.F. Laudenslayer, Jr., K.E. Mayer, and M.L. White. Eds. California's wildlife, Vol. I. Amphibians and reptiles. California Statewide Wildlife Habitat Relationship System. Sacramento, CA, Department of Fish and Game, The Resources Agency. 272 p.
McIntyre, A. 2009. Personal communication. Wildlife Biologist, Science Division, Habitat Program, Washington Department of Fish & Wildlife, 600 Capitol Way North, Mailstop 43143, Olympia, Washington  98501-1091.
Mote, P.W., E.A. Parson, A.F. Hamlet, W.S. Keeton, D. Lettenmaier, N. Mantua, E.L. Miles, D.W. Peterson, D.L. Peterson, R. Slaughter, and A.K. Snover. Preparing for climatic change: the water, salmon, and forests of the Pacific Northwest. Climatic Change 61:45-88.
Natural Resource Information System (NRIS) Database, version 1.3.1. 2004. Fauna Module. http://fsweb.nris.fs.fed.us/index.shtml.
Nijhuis, M.J. and R.H. Kaplan. 1998. Movement patterns and life history characteristics in a population of the Cascade torrent salamander (Rhyacotriton cascadae) in the Columbia River Gorge, Oregon. Journal of Herpetology 32(2):301-304.
Nussbaum, R.A. 1969. A nest site of the Olympic salamander, Rhyacotriton olympicus (Gaige). Herpetologica 25:277-278.
Nussbaum, R.A., and C.K. Tait. 1977. Aspects of the life history and ecology of the Olympic slalmander, Rhyacotriton olympicus (Gaige). American Midland Naturalist 98:176-199.
Nussbaum, R.A., E.D. Brodie, Jr. and R.M. Storm. 1983. Amphibians and Reptiles of the Pacific Northwest. The University Press of Idaho, Moscow, ID, 332 p.
Olson, D.H. 2007. Personal communication. Research Ecologist. USDA Forest Service—Pacific Northwest Research Station, 3200 SW Jefferson Way, Corvallis, OR  97331.
Olson, D.H. 2009. Personal communication. Research Ecologist, USDA Forest Service, Pacific Northwest Research Station, 3200 SW Jefferson Way, Corvallis, OR  97331.
Olson, D.H. 2010. Personal communication. Research Ecologist. USDA Forest Service—Pacific Northwest Research Station, 3200 SW Jefferson Way, Corvallis, OR  97331.
Olson, D.H. and C. Rugger. 2007. Preliminary study of the effects of headwater riparian reserves with upslope thinning on stream habitats and amphibians in western Oregon. Forest Science 53(2):331-342.
Olson, D. H. and G. Weaver. 2007. Vertebrate assemblages associated with headwater hydrology in western Oregon managed forests. Forest Science 53:343-355.
Olson, D.H. and K.M. Burnett. 2009. Design and management of linkage areas across headwater drainages to conserve biodiversity in forest ecosystems. Forest Ecology and Management 258S:S117-S126.
Peterson D.P., and Foote C.J. 2000. Disturbance of small-stream habitat by spawning sockeye salmon in Alaska. Transactions of the American Fisheries Society 129:924-34.
Pollett, K.L. 2005. Responses of stream-breeding amphibians to riparian buffers in headwater streams: ameliorating the effects of regeneration harvest. Master’s Thesis, Utah State University.
Pollett, K.L., J.G. MacCracken, and J.A. MacMahon. 2010. Stream buffers ameliorate the effects of timber harvest on amphibians in the Cascade Range of Southern Washington, USA. Forest Ecology and Management 260:1083-1087.
Quinn, T., M.P. Hayes, D.J. Dugger, T.L. Hicks, and A. Hoffman. 2007. Comparison of two
techniques for surveying stream headwater amphibians. Journal of Wildlife Management 71(1):282-288. 
Raphael, M.G., P.A. Bisson, L.L.C. Jones, and A.D. Foster. 2002. Effects of
streamside forest management on the composition and abundance of stream and
riparian fauna of the Olympic Peninsula. Pages 27-40 In A. C. Johnson, R. W.
Haynes, and R. A. Monserud, eds. Congruent management of multiple resources:
Proceedings from the Wood Compatibility Workshop. General Technical Report,
PNW-GTR-563, USDA Forest Service, Pacific Northwest Research Station, Portland,
Oregon, USA. 
Ray, C. 1958. Vital limits and rates of desiccation in salamanders. Ecology 39:75-83.
Relyea, R.A. 2005. The lethal impacts of roundup and predatory stress on six species of North American tadpoles. Archives of Environmental Contamination and Toxicology 48:351-357.
Rombough, C. 2009. Personal communication. Herpetologist, Rombough Biological, P.O. Box 365, Aurora, OR 97002.
Rundio, D.E., and D.H. Olson. 2001. Palatability of southern torrent salamander (Rhyacotriton variegatus) larvae to Pacific giant salamander (Dicamptodon tenebrosus) larvae. Journal of Herpetology 35:133-136.
Russell, K.R. A.A. Gonyaw, J.D. Strom, K.E. Diemer, and K.C. Murk. 2002. Three new nests of the Columbia torrent salamander, Rhyacotriton kezeri, in Oregon with observations of nesting behavior. Northwestern Naturalist 83:19-22.
Russell, K.R., T.J. Mabee, and M.B. Cole. 2004. Distribution and habitat of Columbia torrent salamanders at multiple spatial scales in managed forests of northwestern Oregon. Journal of Wildlife Management 8:403-415.
Russell, K.R., T.J. Mabee, M.B. Cole, and M.J. Rochelle. 2005. Evaluating biotic and abiotic influences on torrent salamanders in managed forests of western Oregon. Wildlife Society Bulletin 33(4):1413-1424.
Shelmerdine, B. 2007. Personal communication. Geotechnical Engineer, USDA Forest Service—Olympic National Forest, 1835 Black Lake Blvd., Suite A, Olympia, WA  98512-5623.
Sparling, D.W., G.M. Fellers, and L.L. McConnell. 2001. Pesticides and amphibian declines in California, USA. Environmental Toxicology and Chemistry 20:1591-1595.
Stebbins, R.C. and C.H. Lowe Jr. 1951. Subspecific differentiation in the Olympic salamander, Rhycotriton olympicus. University of California Publications of Zoology 50:465-484.
Steele, C.A., E.D. Brodie, and J.G. MacCracken. 2003. Relationships between abundance of Cascade torrent salamanders and forest age. Journal of Wildlife Management 67(2):447-453.
Stoddard, M. 2001. Influence of forest management on headwater stream amphibians at multiple spatial scales. Master’s thesis, Oregon State University, Corvallis, Oregon.
Suzuki, N. and D. Olson. [Submitted] Climate change and lentic habitats in the Oregon and
Washington Cascade Range: implications for aquatic biodiversity in montane forests. Forest Ecology and Management. 
Turner, L. 2009. Personal communication. Forest Wildlife Biologist, Deschutes National Forest, 1001 SW Emkay, Bend, OR 97702.
Tyson, J. 2010. Email communication. Ecological Research Analyst, Science Division, Habitat
Program, Washington Department of Fish and Wildlife, 600 Capitol Way North, Mailstop 43143, Olympia, Washington  98501-1091.
U.S. Department of Agriculture (USDA). 2005. Preventing and Managing Invasive Plants, Final Environmental Impact Statement. Portland, Oregon.
U.S. Department of Agriculture (USDA). 2007. Environmental Assessment, Willamette National 
	Forest, Integrated Weed Management. Eugene, Oregon.
U.S. Department of Agriculture (USDA). 2008a. Final Environmental Impact Statement, Site-
	Specific Invasive Plant Treatments for Mt. Hood National Forest and Columbia
River Gorge National Scenic Area in Oregon, including Forest Plan Amendment #16. Sandy, Oregon.
U.S. Department of Agriculture (USDA). 2008b. Record of Decision and Final Environmental
Impact Statement and Forest Plan Amendment #20, Gifford-Pinchot National Forest and
Columbia River Gorge National Scenic Area (Washington Portion), Site-Specific Invasive Plant Treatment Project and Forest Plan Amendment. Vancouver, Washington. 
U.S. Department of the Interior. 2004. Biological Opinion for USDA Forest Service Fish Passage Restoration Activities in Eastern Oregon and Washington 2004-2008. Portland, OR: Oregon Fish and Wildlife Office (USFWS) and Lacey WA: Western Washington Fish and Wildlife Office. 
U.S. Department of Agriculture and U.S. Department of the Interior (USDA and USDI). 1994. Record of decision for amendments to Forest Service and Bureau of Land Management planning documents within the range of the northern spotted owl: Standards and guidelines for management of habitat for late-successional and old-growth forest related species within the range of the northern spotted owl. Portland, OR: Interagency SEIS Team, 1994.
U.S. Geological Survey and U.S. Department of Agriculture, Natural Resources Conservation Service, 2009, Federal guidelines, requirements, and procedures for the national Watershed Boundary Dataset: U.S. Geological Survey Techniques and Methods 11–A3, 55 p.
Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, and C.E. Cushing. 1980. The river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences 37:130-137.
Welsh, H.H., Jr. 1987. Monitoring herpetofauna in woodland habitats of northwestern California and southwestern Oregon: A comprehensive strategy. Gen. Tech. Rep. PSW-100. Pacific Southwest Forest and Range Experiment Station, Forest Service, U.S. Department of Agriculture, Berkeley, California, U.S.A.
Welsh, H.H. Jr. 1990. Relictual amphibians and old-growth forests. Conservation Biology 4(3): 309-319.
Welsh, H.H., Jr. and G.R. Hodgson. 1997. A hierarchical strategy for sampling herpetofaunal assemblages along small streams in the western U.S., with an example from northern California. Transactions of the Western Section of the Wildlife Society 33:56-66.
Welsh, H.H., Jr. and G.R. Hodgson. 2008. Amphibians as metrics of critical biological thresholds in forested headwater streams of the Pacific Northwest, U.S.A. Freshwater Biology 53:1470-1488.
Welsh Jr., H.H. and A.J. Lind. 1996. Habitat correlates of the southern torrent salamander, Rhyacotriton variegatus (Caudata: Rhyacotritonidae), in northwestern California. Journal of Herpetology 30(3):385-398.
Welsh, H.H. and A.J. Lind. 2002. Multiscale habitat relationships of stream amphibians in the Klamath-Siskiyou region of California and Oregon. Journal of Wildlife Management 66:581-602.
Welsh, H.H. Jr. and L.M. Ollivier. 1998. Stream amphibians as indicators of ecosystem stress: a case study from California’s redwoods. Ecological Applications 8(4):1118-1132.
Welsh, H.H. Jr., G.R. Hodgson and A.J. Lind. 2005. Ecogeography of the herpetofauna of a northern California watershed: linking species patterns to landscape processes. Ecography 28:521-536.
[bookmark: _Toc284575309][bookmark: _Toc284578193][bookmark: _Toc253399690][bookmark: _Toc253399811][bookmark: _Toc253400359]Zalisko, E.J., and R.W. Sites. 1989. Salamander occurrence within Mt. St. Helens blast zone. 
[bookmark: _Toc284575310][bookmark: _Toc284578194]	Herpetological Review 20(4):84-85. 
[bookmark: _Toc284578195]Appendix I – Locality Data for Rhyacotriton cascadae
[image: ]
We queried the most recent version (2009) of NRIS for R. cascadae locations on the Gifford-Pinchot, Mt. Hood, and Willamette National Forests. We also queried the most recent version (2009) of GeoBOB for locations on BLM lands in Washington and Oregon. In addition, we requested location data from the Washington and Oregon Heritage Programs and called biologists throughout the species range in Washington and Oregon, interviewing them about R. cascadae. During the phone surveys we also asked if they had any additional location data that may not be included in the federal or state databases. We ended up acquiring a variety of datasets in that manner, including data from research projects, a consulting firm, federal data not yet entered into NRIS or GeoBOB, and private industrial forest owners. Requesting general location data (without specifics such as to how many were found, larval vs. adult, exact location vs. site) seemed to be the best method for acquiring as many locations as possible. Therefore, the data used for the distribution map primarily represent the general areas (i.e., sections or the beginning point of reaches) where R. cascadae has been found rather than exact locations. 

Two points were deleted prior to generating the distribution map. These points were far out of the range of R. cascadae and likely represented R. olympicus (WSDM) and R. variegatus (OR_industry). There are also several locations in Lane County, Oregon that are further south than some of the published distribution maps, so these may be range expansions or issues of misidentification with R. variegatus. We took all the R. cascadae location data we acquired from federal, state, and private sources and converted it to R6_Albers_Meters. We converted the one polygon shapefile (ORNHIC.shp) to points using X Tools Pro/Feature Conversions/Convert Features to Centroids. We also did this with Wynn Cudmore’s data from the U.S. Forest Service’s Old Growth Wildlife Habitat Program as the locations were presented down to section only. To make the map cleaner to read in the main document, we merged all the location shapefiles into one using Data Management/General/Merge. In an attempt to portray a more accurate range boundary, we used Hawth’s Minimum Convex Polygon (MCP) tool (in Animal Movements) to create a polygon around all the points. 

There were some problems with the Hawth’s method, however, as it appeared to overestimate occupied lowland habitat in the Cascades and underestimate higher elevation habitat (the exact opposite, underestimating the lowlands and overestimating the higher country, seemed to be a problem with the Global Amphibian Assessment range boundary). In general, creating a distribution map with the MCP tool did not seem as sensible as selecting all the 5th field watersheds that intersected with location points and choosing their outline as the distribution of R. cascadae. There are over and underestimates in that method as well, including some “donuts” where watersheds were excluded that are embedded among watersheds that are included. However, this method seems to be the most logical at this point. There may be a need to buffer the distribution in some places to include locations where the species likely occurs in a survey reach that could not be represented accurately by the point locations. For now, we chose to base the distribution on the selection of these 5th field watersheds, and are open to future edits as needed. For the range in elevation, we used the Layer 3d to Feature Class tool from Arc Toolbox/3d Analyst Tools/Conversion to provide z coordinates for all the location points and the resulting range, 13–1,398 meters, corresponded closely with that from Jones et al. (2005) of 50–1,350 meters.

image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg
3





image6.emf
!(!(

! (

!

(

!

(

!

(

Salem

Eugene

Portland

Olympia

Legend

Rhyacotriton cascadae Range 

Rhyacotriton cascadae Locations

National Forest

0 30 60 15 Miles

Pacific Ocean

1:1,600,000


image7.emf
!(!(

! (

!

(

!

(

!

(

Salem

Eugene

Portland

Olympia

Legend

Rhyacotriton cascadae Range 

Rhyacotriton cascadae Locations

Bureau of Indian Affairs

Bureau of Land Mgmt

Corps of Engineers

Fish & Wildlife Service

Land Grant

National Park Service

Private

Private Industrial

Private Undetermined

Private Undetermined

State

State Forest

State Parks

Undetermined

US Forest Service

Water

0 30 60 15 Miles

Pacific Ocean

1:1,600,000


image8.emf
!(

! (

!

(

!

(

!

(

Salem

Eugene

Portland

Olympia

Legend

Rhyacotriton cascadae Range 

NRIS_Gifford Pinchot

NRIS_Mt Hood

NRIS_Willamette

Geobob_OR BLM

Oregon Dept Forestry

BLM_Albers

Old Growth Wildlife Habitat Program

Density Mgmt Study 

NW Ecol. Research Inst._2

NW Ecol. Research Inst.

BLM_Corbin Murphy

Aquatic Riparian Effect. Mon. Program

WSDM, Wa Dept Fish/Wildlife

Washington Private

Type N Study

PODS_Albers

Or Nat Heritage Info Ctr

Oregon Private

0 30 60 15 Miles

Pacific Ocean

1:1,600,000


image1.jpeg




