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Editor’s note:  This paper is designed to be a tool for use by field biologists working with the Oregon spotted frog (Rana pretiosa) in Oregon and Washington. The author summarizes key findings and information regarding six studies involving Oregon spotted frog overwintering habitat, a key habitat feature for this species, and also provides a conclusionary assessment of the findings from those studies.  It is expected that this document will be updated as new information is gathered from overwintering studies for this species in the future.  
Background:
The Oregon Spotted Frog (Rana pretiosa) is a highly aquatic anuran that is associated with large emergent wetlands in the Pacific Northwest (Pearl and Hayes 2004).  R. pretiosa has undergone extensive population declines since the mid nineteen-seventies (Blaustein et al. 1994).  Currently, the species is believed to inhabit less than 21% of its historical range, with extirpations in northeastern California, the Willamette Valley, and across much of western Washington (Hayes 1997; McAllister and Leonard 1997).  There are fewer than 40 known R. pretiosa populations, with more than two-thirds of these populations occurring along the Cascade Range in central Oregon.  Many populations appear to be small in size and relatively isolated from one another, particularly in British Columbia, Washington, and parts of the Klamath and northern Deschutes basins in Oregon (Cushman and Pearl 2007; Blouin et al. 2010; Hayes and Pearl 2006).  Both small population size and isolation have been associated with local extirpation in other anurans (Lesbarre`res et al. 2005; Rowe et al. 1999; Andersen et al. 2004).  Habitat loss and degradation and interactions with non-native species have been implicated in R. pretiosa declines (Hayes 1997; Pearl et al. 2004; Chelgren et al. 2008)  Recent work also suggests that multiple stressors may act synergistically against amphibian populations (Blaustein et al. 2011).  

An improved understanding of R. pretiosa seasonal habitat use is needed to advance the conservation and recovery of the species.  This report summarizes information from six reports and journal articles that contain field data on R. pretiosa overwintering habitat characteristics or use.  For each study the following information is described: Scope of study[footnoteRef:1], Description of study site, Methods and study duration, and Results/discussion.   For a map of the study areas covered in this document, see Figure 1. Climate data from the respective study sites are available in Appendix 1.  [1:  Sections describing the scope of study are not limited to study elements pertinent to R. pretiosa overwintering habitat use and behavior; this may allow for increased exposure to information regarding other topics of interest.
] 


Study limitations: 
Because many of the summarized studies were designed to address local management concerns, site specificity is potentially a major limitation in the application of this document.  Caution should be used when attempting to draw broad conclusions based on site specific research, as mechanisms for R. pretiosa associations are not fully understood (Pearl et al. 2005).  Furthermore, local environmental factors may affect timing of R. pretiosa activity, or even redefine suitable overwintering habitat from site-to-site.  Breeding Habitat and Location Population Size of the Oregon Spotted Frog in Oregon, USA, by Pearl et al. is one exception, which attempted to characterize overwintering habitat across a broad group of R. pretiosa sites.  Studies also tended to be short-term (≤1 yr.)(Table 1), and likely did not capture R. pretiosa behavior associated with relatively common environmental variability (e.g. temperatures/water levels).  The reliability of short-term study conclusions may be limited to years of similar environmental conditions.

Studies:
The following six studies are summarized in this document:
1) Breeding Habitat and Local Population Size of the Oregon Spotted Frog (Rana pretiosa) in Oregon, USA
Authors: Christopher A. Pearl, Michael J. Adams, and Niels Leuthold
Source: Northwestern Naturalist, 90(2): 126-147. 2009.
Published By: Society for Northwestern Vertebrate Biology
2) Demography and Movement in a Relocated Population of Oregon Spotted Frogs (Rana pretiosa): Influence of Season and Gender
Authors:  Nathan D. Chelgren, Christopher A. Pearl, Michael J. Adams, and Jay Bowerman
Source: Copeia, 2008 (4):742-751. 2008
Published By: The American Society of Ichthyologists and Herpetologists
3) Overwintering of the Oregon Spotted Frog (Rana pretiosa) at Conbow Lake National Wildlife Refuge, Klickitat County, Washington, 2000-2001
Authors: Marc P. Hayes, Joseph D. Engler, Susan Van Leuven, Daniel C. Friesz, Timothy Quinn, and D. John Pierce
Final report to: Washington Department of Transportation
Composed by: Habitat and Wildlife Management Programs, Washington Department of Fish and Wildlife (June 2001)
4) Home Ranges, Movements, and Habitat Selection of Oregon Spotted Frogs (Rana pretiosa)
Authors: James W. Watson, Kelly R. McAllister, and D. John Pierce
Source: Journal of Herpetology, Vol. 37, No. 2 (Jun., 2003), pp. 292-300
Published By: The Society for the Study of Amphibians and Reptiles
5) Telemetry Study of Fall and Winter Oregon Spotted Frog (Rana pretiosa) Movements and Habitat Use at Trout Lake, Klickitat County, Washington
Authors: Lisa Hallock and Scott Pearson
Final report to: Washington Department of Transportation and DNR Natural Areas Program (June 2001)
6) Oregon spotted frog (Rana pretiosa) habitat use and herbage (or biomass) removal from grazing at Jack Creek, Klamath County, Oregon
Author: Amy Shovlain
M.S. Thesis, Oregon State University (June, 2005)








Study summaries:
1) Breeding Habitat and Local Population Size of the Oregon Spotted Frog (Rana pretiosa) in Oregon, USA
Authors: Christopher A. Pearl, Michael J. Adams, and Niels Leuthold
Source: Northwestern Naturalist, 90(2): 126-147. 2009.
Published By: Society for Northwestern Vertebrate Biology

Scope of study:  Researchers aimed to provide: an improved description of microhabitat used in breeding, an updated assessment of R. pretiosa populations in Oregon, an evaluation of habitat and stressors that may influence breeding numbers at given localities, and other new information that may aid conservation efforts for R. pretiosa.

Description of study site:   This study included occupied, historic, and high potential habitats for R. pretiosa in the upper Deschutes and Klamath River, with a few sites in the Willamette and Sandy River basins.   Study sites ranged from 957 to 1612 m in elevation.  The bulk of study sites were located in the rain shadow east of the Cascade crest; these sites typically receive less moisture than western portions of the study area.  Drier slopes were dominated by lodgepole (Pinus contorta) and ponderosa pine (Pinus ponderosa), while landscapes in of the western part of the study area were dominated by lodgepole pine, Douglas fir (Pseudotsuga menziesii), and mountain hemlock (Tsuga heterophylla).  

Methods and study duration:  Because R. pretiosa exhibits explosive breeding and lays conspicuous egg masses, counts of egg masses provide useful estimates of local breeding population size.  Researchers surveyed known and suspected R. pretiosa breeding sites (n=105) in Oregon.  Egg masses were counted by teams of 1 to 16 observers, with 1 to 3 surveys per site.  Biotic factors that were believed to affect R. pretiosa populations were documented; American beaver (Castor canadensis) activity was recorded, as was the presence of American bullfrogs (Lithobates catesbeianus), reed canary grass (Phalaris arundinacea), and predatory fish.  Potential R. pretiosa overwintering habitat was also quantified by counting springs, flowing channels, and basins of deep, open water that were accessible from breeding ponds.  Surveys were conducted between 13 April and 14 June, 2006. 

Results/discussion:  Researchers found a strong negative association between R. pretiosa egg mass production and predatory fish access to possible overwintering habitats.  Where R. pretiosa and predatory fish are sympatric, shared physiological requirements of dissolved oxygen may increase the probability of interaction and, ultimately, predation.  Furthermore, demographic modeling efforts with other ranid frogs suggest that survival of post-metamorphic stages is more influential than larval survival in affecting population trends (Vonesh and Cruz 2002; Biek et al. 2002).  These findings support the apparent importance of fish-free overwintering habitat to the conservation of R. pretiosa populations. 


2) Demography and Movement in a Relocated Population of Oregon Spotted Frogs (Rana pretiosa): Influence of Season and Gender
Authors:  Nathan D. Chelgren, Christopher A. Pearl, Michael J. Adams, and Jay Bowerman
Source: Copeia, 2008 (4):742-751. 2008
Published By: The American Society of Ichthyologists and Herpetologists

Scope of study: Researchers monitored survival, movement, and individual growth throughout the seasonal cycle at Dilman Meadow, Deschutes County, Oregon.  
The study was conducted to assess the effectiveness of mitigation efforts and to investigate elements of R. pretiosa life history that were poorly understood.

Description of study site: Dilman Meadow is located in central Oregon’s Deschutes National Forest at approximately 1,300 m in elevation.  This site was selected for mitigation efforts, which included the construction of 10 ponds and the translocation of a population of R. pretiosa.  The surrounding landscape was dominated by ponderosa and lodgepole pine, which gave way to a thin strip of willows (Salix sp.) and sedges (Carex sp.) downstream of the Dilman Meadow.  Before the creation of the ponds, a narrow spring-fed channel was the site’s only open water.  Agriculture did not occur within the wetland’s catchment, nor did livestock grazing.  The meadow lacked L. catesbeianus and fish, native or otherwise.  

Methods and study duration: To mitigate the loss of R. pretiosa habitat below Wickiup Dam, a total of ten ponds were constructed at Dilman Meadow.  Ponds ranged from 100 to 700 m² in surface area, and were ≤2 m deep.  After intensive trapping efforts, 41 R. pretiosa and 9 egg masses were translocated to Dilman Meadow.  Captured anurans with snout-urostyle lengths (SUL) >40 mm were marked with passive integrated transmitter (PIT) tags, inserted subcutaneously through incisions on the anterior dorsum.   Tags were then moved to the posterior dorsal side to minimize tag shedding.  Tagging allowed investigators to track survival, growth rate, and movement of individuals.  Capture-recapture data were collected at two-week intervals, a resolution that accurately detects movements significant to R. pretiosa life history.  The Chelgren et al. paper included data from 2001 to 2005; the study is ongoing.

Result/discussion:  PIT tag data suggested seasonal complementary habitat use by R. pretiosa.  At the onset of winter, individuals immigrated to springs and emigrated in March prior to breeding.  The lowest seasonal mortality rate for R. pretiosa at Dilman Meadow occurred during the overwintering period.  The most abundant predator of post-metamorphic R. pretiosa at the site was the Common Garter Snake (Thamnophis sirtalis), which are only active in the summer.  The authors also suggested that high overwintering survival may be due to the absence of predatory fish.  In habitats where predatory fish and R. pretiosa both occur, concentrated winter use of springs by R. pretiosa could expose them to fish predation.

3) Overwintering of the Oregon Spotted Frog (Rana pretiosa) at Conboy Lake National Wildlife Refuge, Klickitat County, Washington, 2000-2001
Authors: Marc P. Hayes, Joseph D. Engler, Susan Van Leuven, Daniel C. Friesz, Timothy Quinn, and D. John Pierce
Final report to: Washington Department of Transportation
Composed by: Habitat and Wildlife Management Programs, Washington Department of Fish and Wildlife (June 2001)

Scope of study: Researchers monitored the winter movements of R. pretiosa in response to changes in habitat conditions. Habitat conditions included: dissolved oxygen levels, water temperature, and air temperature, among others.

Description of study site:  The study area was located in Conboy Lake National Wildlife Refuge, Kickitat County, Washington.  The refuge was comprised of three parcels of public land that account for 67% (≈2360 ha) of the Conboy Lake and Camas Prairie wetland systems.  Much of the wetland had been altered to accommodate agricultural production and livestock grazing.  R. pretiosa was studied at two sites, the Willard Unit and Dragline ponds.  The permanent pool at the Willard Unit was bordered by the Cold Springs Ditch, and included a tule (Scripus sp.) marsh on its southern shore.  The Dragline Ponds consisted of two constructed bodies of water with surface areas ≤0.4 ha.  In severe drought years, both ponds may have become dry, but typically provided aquatic habitat year-round. 

Methods and study duration:  10 R. pretiosa were fitted with radio-transmitters, attached using 6 mm silk belts.  Belts were adjusted to limit the loss of transmitters.  Investigators measured distances between observed signal point and the last site of detection.  Investigators measured a variety of environmental variables in the area of detection sites to identify R. pretiosa associations and possible behavioral cueing mechanisms.  Variables included: air temperature, water temperature, dissolved oxygen, and water depth, among others.  Vegetation and habitat structure were also assessed by determining percent cover for seven habitat classes within 0.5 m and 5 m radii of detection sites.  Movement data were collected weekly from 21 September 2000 to 17 February 2001.

Results/discussion: 161 out 162 R. pretiosa detection sites were from aquatic habitats.  The sole terrestrial telemetry location was from a partially consumed anuran that may have been removed from the water upon capture.  Little surface activity was observed during the study interval.  Surface activity was generally associated with periods of elevated air temperatures.  For the purposes of analysis, the study was split into three reference intervals: pre-ice, ice, and post-ice.  R. pretiosa at Conboy Lake National Wildlife Refuge appeared less mobile during ice and post-ice periods.  Of the four females released in lentic habitats, three moved to lotic habitats prior to the formation of substantial ice.  Researchers observed reduced dissolved oxygen levels when ice was present.  Hypoxia may be a source of mortality among R. pretiosa, particularly when significant amounts of ice are present.  This study found no evidence that R. pretiosa moved in response to dissolved oxygen gradients.  However, dissolved oxygen “tracking” may not have been detected at a weekly survey resolution.  R. pretiosa was frequently observed in association with floating vegetation and open water/ice.  The authors also suggested that beaver-altered habitats may provide important overwintering refuges for R. pretiosa. 

4) Home Ranges, Movements, and Habitat Selection of Oregon Spotted Frogs (Rana pretiosa)
Authors: James W. Watson, Kelly R. McAllister, and D. John Pierce
Source: Journal of Herpetology, Vol. 37, No. 2 (Jun., 2003), pp. 292-300
Published By: The Society for the Study of Amphibians and Reptiles

Scope of study: In 1996, a study of R. pretiosa at Dempsey Creek was initiated to improve the ecological understanding of the species.  Researchers investigated the possible effects of grazing on R. pretiosa habitat, capture/recapture techniques, population characteristics, unknown R. pretiosa populations near study area, and home range and habitat use.  

Description of study site:  The study area was located at an emergent palustrine wetland in Thurston County, Washington.  Bisected by Dempsey creek, the wetland was approximately 15.6 ha in size and 43 m in elevation.  Reed canary grass, hardhack (Spiraea douglasii), sedges, willows, cattail (Typha latifolia), and mannagrass (Glyceria sp.) dominated wetland vegetation.  Breaks in emergent vegetation provided open water pools.  Along the margins of an ephemeral tributary, shallow depressions served as breeding habitat.  The banks of breeding habitat supported soft rush (Juncus effuses), creeping buttercup (Ranunculus repens), small bedstraw (Galium trifidum), and sedges.  Abundant pasture grasses (Poa sp.), Himalayan blackberry (Rubus discolor), red alder (Alnus rubra), and Douglas fir were present in surrounding transitional and upland habitats.  Livestock grazing occurred throughout the year.  T. sirtalis was frequently seen, while L. catesbeiana was not known in the study area. 

Methods and study duration:  Captured R. pretiosa >42 mm (SUL) were marked with three types of devices: knee tags, PIT tags, and BD2/BD26 transmitters.  Knee tags were secured over the knee.  This method was abandoned due to injury associated with its use.  PIT tags were inserted under the dorsal skin, and were scanned using a portable reader.  BD2 and BD26 transmitters were secured around the waist using nylon ribbon.  Researchers attempted to locate tagged anurans twice weekly.  A grid of markers was used to geographically describe the location of tag detections.  Investigators also characterized habitat in the study area to assess habitat selection among R. pretiosa at Dempsey Creek.  Habitat selection was evaluated at three temporal scales: annual, inter-annually (1997-1998), and seasonal (breeding, dry, and wet).  Discussion will be limited to the wet season (September-January), which is analogous to overwintering periods in other studies.  The study was conducted from October, 1996 through June, 1999.

Results/discussion:  During the wet season, R. pretiosa distribution tended to overlap with the breeding range.  Anurans were observed in the main breeding ponds, but also in pasturelands during the coldest periods of the season.  The combined areas accounted for >60% of presumed annual range.  During the coldest periods, R. pretiosa was detected buried in dense vegetation that was submerged in shallow water.  The authors suggested that inundated vegetation may be critical for survival of all age classes during the wet season.  Increased rates of movement were associated with increased precipitation and rising water levels.  The three most common vegetation types associated with R. pretiosa during the wet season were hardhack/reed canary grass, sedge/rush, and reed canary grass.  Reed canary grass was frequently used, but was statistically found to be avoided because of its dominance relative to other vegetation.   Assessments of microhabitats revealed that R. pretiosa may prefer moderate depths of water in the early wet season.  Water temperature appeared to affect the vertical position of R. pretiosa in the water column.  Anurans seemed to prefer deeper locations (>10 cm) when the surface temperature was 0 ̊ to 3 ̊ C colder than subsurface temperatures.  
Because overland movements by R. pretiosa were very rare, habitat connectivity via aquatic corridors may be important to the long-term persistence of populations.  Furthermore, researchers hypothesized that fire, active stream channels, beaver-altered habitats, and moderate livestock grazing may help maintain suitable R. pretiosa habitat where vegetation encroaches on open water. 

5) Telemetry Study of Fall and Winter Oregon Spotted Frog (Rana pretiosa) Movements and Habitat Use at Trout Lake, Klickitat County, Washington
Authors: Lisa Hallock and Scott Pearson
Final report to: Washington Department of Transportation and DNR Natural Areas Program (June 2001)

Scope of study:  Researchers studied R. pretiosa movement patterns during the overwintering period.  They also investigated macro and microhabitat use during the same period. 

Description of study site:  The study site was located in Washington’s Trout Lake Wetland Natural Area Preserve.  The site was approximately 650 ha in size and 600 m in elevation.  Trout Lake Wetland Natural Area Preserve was managed by the Washington Department of Natural Resources to protect the area’s R. pretiosa population.  Little limnetic habitat remained of the historical Trout Lake, which had been replaced by a palustrine and riverine system.  The site was hydrologically diverse, with areas of seasonal and perennial water.  Water levels depended on snow and glacial melt in the surrounding mountains.  Wetland habitat included: forested wetland, scrub-shrub wetland, emergent wetland, and riverine habitat.  Trout Lake Wetland provided irrigation water to accommodate agricultural activities, which included livestock grazing and hay production.  Flat meadows and Douglas fir/ponderosa pine forests surrounded the wetland, while sedges, rushes, and grasses were dominant in emergent habitats.  Pondweed (Potamogeton sp.) and horsetail (Equisetum sp.) dominated aquatic beds/ open water and shallow lotic areas.

Methods and study duration:  13 female R. pretiosa >38 g in weight were fitted with BD-26 transmitters.  Transmitters were attached using polyester ribbon waist-belts.  Researchers surveyed the site for telemetered R. pretiosa every eight days.  To investigate macrohabitat use, habitat at signal detection sites was categorized as one of the following: emergent wetland, aquatic bed/open water, riverine, or natural spring habitat.  Microhabitat was also investigated; the presence of large wood, soil type (mineral, organic, non-soil), water flow (rapid, slow, still), percent ice cover, water depth, distance to shore, and percent aerial vegetation cover were all recorded in a meter square area around signal detection sites.  Dissolved oxygen levels were also periodically recorded.  R. pretiosa movements were monitored from 18 September, 2000 to 26 January, 2001. 

Results/discussion:  During the fall, R. pretiosa was associated with emergent wetland habitat, aquatic bed/open water habitat, and still water margins and undercut banks of riverine habitat.  The mean water depth at detection sites was 31.3 cm, which was significantly deeper than the mean depth after ice capped the emergent wetland (21.44 cm).  The use of small unvegetated substrates was also significant, and may have allowed R. pretiosa uninhibited movement.  Micro-habitat data suggested that use of organic substrates was also significant, even where mineral soils were dominant.  
Shifts occurred in R. pretiosa habitat use after ice covered the emergent wetland.  Researchers observed significant emigration from emergent wetland and aquatic bed/open water habitat into riverine habitat.  Low oxygen levels may explain these movements, as riverine habitat had significantly higher dissolved oxygen levels than those observed in emergent wetland and aquatic bed/open water habitat.  Well-oxygenated habitats, found in natural springs and riverine habitat, may be particularly important to the survival of R. pretiosa where persistent ice occurs.  Furthermore, hypoxic conditions in the presence of substantial ice may be exacerbated by the addition of organic effluents that are associated with agricultural activities.  Activities, such as livestock grazing, should be monitored at Trout Lake wetland, particularly during seasonal lows in dissolved oxygen.  
Researchers suggested that forested and scrub-shrub wetland habitats may be indirectly important to R. pretiosa by providing resources for beaver.  Habitat modifications by beaver may benefit R. pretiosa, as individuals were commonly observed in these modified habitats.  Although the amount of R. pretiosa movement varied, none moved much more than 400 m from its initial capture point.  






6) Oregon spotted frog (Rana pretiosa) habitat use and herbage (or biomass) removal from grazing at Jack Creek, Klamath County, Oregon
Author: Amy Shovlain
M.S. Thesis, Oregon State University (June, 2005)

Scope of study:  Researchers evaluated the effects of livestock grazing on R. pretiosa behavior by tracking habitat use in grazing exclosures and control plots.  The study also aimed to describe fall movements and identify overwintering habitat among R. pretiosa at Jack Creek, Oregon.

Description of study site:  The study was conducted at Jack Creek, Oregon, a low gradient (<2%) stream that flowed through wet meadow habitat.  Three vegetation types dominated the meadow: riparian, mesic graminoid meadow, and dry meadow.  Water sedge (Carex aquatilis) dominated riparian areas.  Blister sedge (C. vesicaria), analogue sedge (C. simulata), slender-beak sedge (C. athrostachya), and Nebraska sedge (C. nebrascensis) were also present in riparian habitats.  Upland habitats were dominated by lodgepole pine, which also encroached into meadow areas. Encroachment by lodgepole pine may have been due to fire suppression in the area, and has been associated with reduced water levels at multiple sites.  Willows in the meadow appeared depauperate with reduced flowering, traits associated with heavy browsing.  Livestock grazing has occurred on Jack Creek at varying intensities since the 1800’s.  Historically, beaver occupied the area, but were extirpated in the 1970’s.  There were no known exotic predators or plants, such as reed canary grass, at the time of the study.  

Methods and study duration:  Seasonal movements of R. pretiosa were monitored using Visual Encounter Surveys and radio telemetry.  Radio transmitters were attached with satin ribbon waist-belts.  Researchers attempted to track R. pretiosa movements throughout Jack Creek to capture behaviors that may have been specific to particular sections of the creek.  General habitat characteristics were documented at signal detection sites (e.g., water depth, vegetation).  R. pretiosa fitted with radio-transmitters were released at their original capture points.  Surveys took place every 2-5 days from August through December, 2003.

Results/discussion: 36 R. pretiosa were fitted with radio transmitters (28 females and 8 males).  All R. pretiosa detection sites were in aquatic habitats, with a maximum movement distance of 120 m.  During the early overwintering period, R. pretiosa were observed in protected areas along Jack Creek, such as willow root complexes and old beaver runs.  Movement among individuals seemed to cease upon arrival at these sheltered, highly structured habitats.  R. pretiosa were also observed under muddy substrates and woody debris in relatively deep pools (1.3 m) that were associated with active springs.  These habitats may represent preferred overwintering habitat at Jack Creek.  Individuals in these areas remained active until mid-November.


Summary Assessment of the Findings of the Six Studies:
Although site-to-site variability in overwintering habitat use appears to occur among R. pretiosa, several habitat elements have been identified as important by multiple studies: well-oxygenated overwintering habitat, beaver modified habitat, aquatic/flooded movement corridors, and predatory fish-free overwintering refuges. 

During winter decreases in dissolved oxygen, R. pretiosa appears to require access to well-oxygenated habitats.  Dissolved oxygen requirements may prompt seasonal movements to natural springs, lotic areas, or other well-oxygenated habitats.  These areas have been suggested by multiple studies as important to R. pretiosa population persistence.  

Beaver modified sites may also provide valuable overwintering habitat.  Beaver activity is often associated with increased aquatic habitat heterogeneity, including organic substrates, course woody debris, and large pools (Wright et al. 2002).  Multiple studies have suggested that these features may provide R. pretiosa with refuges from predators and hypoxic conditions.  

PIT tag data suggest that seasonal movements between important microhabitats are common among R. pretiosa. Strong evidence suggests that these movements occur almost exclusively via aquatic or flooded corridors.  Corridors allow for critical movements associated with R. pretiosa life history and adaptive strategies, including breeding, overwintering, and foraging.  The presence of aquatic/flooded corridors has been identified as critical to the conservation of the species by allowing R. pretiosa to move in response to biological and environmental changes (Pearl and Hayes 2004).

Predatory fish-free overwintering habitat has been shown to be important to R. pretiosa conservation.  Where R. pretiosa and predatory fish are sympatric, seasonal lows in dissolved oxygen may cause significant microhabitat overlap.  Microhabitat overlap with predatory fish appears to result in increased rates of predation of R. pretiosa.  Subsequently, multiple studies have concluded that optimal R. pretiosa overwintering habitat should not be accessible to predatory fish. 
	
Future Research:  
Although significant progress has been made in the understanding of R. pretiosa overwintering habitats and behaviors, conservation efforts would benefit from research that included multiple populations.  Investigations that include multiple populations may allow for broader ecological conclusions regarding the species.  Long-term monitoring and research would also benefit R. pretiosa conservation by capturing any behaviors that may be associated with environmental variability across multiple years.  



Figures:
Figure 1 Map of study areas included in this document.
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Tables:
Table 1 Duration of field work reported in R. pretiosa studies summarized in this document.
	Title
	Study Duration

	Breeding Habitat and Local Population Size of the Oregon Spotted Frog (Rana pretiosa) in Oregon, USA

	13 April to 14 June, 2006

	Demography and Movement in a Relocated Population of Oregon Spotted Frogs (Rana pretiosa): Influence of Season and Gender

	2001 to 2005

	Overwintering of the Oregon Spotted Frog (Rana pretiosa) at Conbow Lake National Wildlife Refuge, Klickitat County, Washington, 2000-2001

	21 September, 2000 to 17 February, 2001

	Home Ranges, Movements, and Habitat Selection of Oregon Spotted Frogs (Rana pretiosa)
	February, 1997 to July, 1999

	
Telemetry Study of Fall and Winter Oregon Spotted Frog (Rana pretiosa) Movements and Habitat Use at Trout Lake, Klickitat County, Washington

	
18 September, 2000 to 26 January, 2001

	Oregon spotted frog (Rana pretiosa) habitat use and herbage (or biomass) removal from grazing at Jack Creek, Klamath County, Oregon

	August, 2002 to January, 2003





Acknowledgements: Thanks to Dr. Joe Beatty, Chris Pearl, Dr. Heather Root, and Chris Volpe for reviewing and providing valuable comments on this paper.  Thanks to Rob Huff and the staff at the Interagency Special Status/Sensitive Species Program for their support.  Thanks to Jason Reilly for his GIS expertise. 








Literature Cited:

Andersen, L., K. Fog, and C. Damgaard. 2004. Habitat fragmentation causes
bottlenecks and inbreeding in the European tree frog (Hyla arborea). Proc Biol Sci 271:1293–1302.

Biek, R., C.W. Funk, B. A. Maxell, and L. S. Mills. 2002. What is missing in amphibian decline research: Insights from ecological sensitivity analysis. Conserv Biol 16 (3), 728-734.

Blaustein, A. R., B. A. Han, R. A. Relyea, P. T. Johnson, J. C. Buck, S. S. Gervasi, and L. B. Kats. 2011. The complexity of amphibian population declines: understanding the role of cofactors in driving amphibian losses. Ann NY Acad Sci, 1223: 108–119. doi: 10.1111/j.1749-6632.2010.05909.x.

Blaustein, A. R., D.B. Wake, and W.P. Sousa. 1994. Amphibian Declines: Judging Stability, Persistence, and Susceptibility of Populations to Local and Global Extinctions. Conserv Biol, 8: 60-71.

Blouin, M.S., I.C. Phillipsen, and K.J. Monsen. 2010.  Population structure and conservation genetics of the Oregon spotted frog, Rana pretiosa. Conserv Genet Volume 11, Number 6, 2179-2194.

Chelgren, N.D., C. A. Pearl, M.J. Adams, and J. Bowerman. 2008. Demography and Movement in a Relocated Population of Oregon Spotted Frogs (Rana pretiosa): Influence of Season and Gender. Copeia 2008: 742-751.

Cushman, K.A. and C.A. Pearl. 2007. A conservation assessment for the Oregon Spotted Frog (Rana pretiosa). Report to USDA Forest Service Region 6 and USDI Bureau of Land Management, Oregon and Washington. 21 p. http://fresc.usgs.gov/
products/papers/1578_Pearl.pdf.

Hayes, M.P. 1997. Status of the Oregon spotted frog (Rana pretiosa sensu
stricto) in the Deschutes Basin and selected other systems in Oregon and northeastern California with a range wide synopsis of the species’ status. Final report prepared for The Nature Conservancy under contract to US Fish and Wildlife Service, Portland, Oregon.

Hayes, M. P., J. D. Engler, R. D. Haycock, D. H. Knopp, W. P. Leonard, K. R. McAllister, and L. L. Todd. 1997. Status of the Oregon spotted frog (Rana pretiosa) across its geographic range. Oregon Chapter of the Wildlife Society. Corvallis, Oregon.


Hayes, M.P. and C.A. Pearl. 2006. Oregon spotted frog, Rana pretiosa In Amphibian Declines- The Conservation Status of United States Species: Berkeley, CA, University of California Press, p. 19. Catalog No: 1579.

Lesbarre`res, D., C.R. Primmer, A. Laurila, and J. Merila. 2005. Environmental
and population dependency of genetic variability-fitness correlations in Rana temporaria. Mol Ecol 14:311–323.

McAllister, K.R. and W.P. Leonard. 1997. Washington state status report
for the Oregon spotted frog, p. 38. Washington Department of Fish and Wildlife, Olympia, Washington.

Pearl, C.A. and M.P. Hayes. 2004. Habitat associations of the Oregon spotted frog (Rana pretiosa): a literature review. Washington Department of Fish and Wildlife, Olympia, Washington.

Pearl, C. A., M. J. Adams, R. B. Bury, and B. McCreary. 2004. Asymmetrical effects of introduced bullfrogs (Rana catesbeiana) on native ranid frogs in Oregon. Copeia 2004:11–20. 

Pearl, C.A., J. Bowerman, and D. Knight. 2005. Feeding behavior and aquatic habitat use by Oregon spotted frogs (Rana pretiosa) in Central Oregon. Northwestern Nat 86:36-38.

Rowe, G., T.J.C. Beebee, and T. Burke. 1999. Microsatellite heterozygosity,
fitness and demography in natterjack toads Bufo calamita. Anim Conserv 2:85–92.

Vonesh, J.R. and O. De la Cruz. 2002. Complex life cycles and density-dependence: Population-level consequences of early mortality in amphibians. Oecologia 133: 325 – 333.

Wright, J.P. 2002. An ecosystem engineer, the beaver, increases species richness at the landscape scale. Oecologia 132:96-101.














[bookmark: _GoBack]Appendix:
 
Appendix 1 PRISM Data Explorer 1971-2000 Normals (Monthly/annual maximum temperature (°C) Monthly/annual minimum temperature (°C), Monthly/annual precipitation (mm)).
Dilman Meadow, Deschutes County (N 43.699444 W -121.664444)
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ann

	tmax
	3.79
	6.07
	9.02
	12.08
	16.71
	21.57
	26.42
	26.51
	22.47
	16.15
	7.10
	3.53
	14.29

	tmin
	-7.42
	-6.03
	-4.27
	-2.24
	0.59
	3.55
	5.65
	5.22
	1.97
	-1.38
	-3.78
	-7.03
	-1.26

	ppt
	88.01
	65.38
	50.78
	33.46
	29.73
	26.93
	18.96
	19.99
	19.82
	32.83
	78.13
	84.95
	548.97



Jack Creek, Klamath County (N 43.28414 W -121.62569)
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ann

	tmax
	2.93
	4.63
	6.97
	10.22
	14.69
	19.70
	24.85
	24.85
	20.74
	14.11
	5.52
	2.77
	12.67

	tmin
	-6.80
	-5.60
	-4.81
	-3.33
	-0.56
	2.52
	5.94
	6.42
	3.89
	0.05
	-3.76
	-6.89
	-1.08

	ppt
	138.15
	119.74
	103.01
	58.44
	45.88
	25.59
	20.57
	21.12
	23.70
	43.46
	129.85
	147.32
	876.83



Conboy Lake National Wildlife Refuge, Klickitat County (N 45.95833 W -121.31667)
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ann

	tmax
	3.08
	5.89
	10.40
	14.31
	18.96
	22.82
	27.04
	27.18
	22.70
	16.57
	7.44
	2.82
	14.93

	tmin
	-4.96
	-3.51
	-1.28
	0.46
	3.50
	6.53
	8.68
	8.23
	4.53
	0.46
	-1.54
	-4.37
	1.39

	ppt
	153.04
	114.93
	83.00
	46.00
	28.08
	20.58
	8.24
	10.38
	26.35
	52.30
	131.42
	156.06
	830.38


Trout Lake, Klickitat County (N 46.00886 W -121.54840)
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ann

	tmax
	3.02
	5.64
	9.97
	13.96
	18.48
	22.02
	26.56
	26.96
	22.45
	15.97
	6.89
	2.56
	14.54

	tmin
	-4.60
	-3.46
	-1.53
	0.32
	3.27
	6.14
	8.28
	7.94
	4.49
	0.73
	-1.37
	-4.26
	1.33

	ppt
	189.17
	140.80
	117.60
	61.31
	41.65
	27.49
	11.19
	15.34
	38.67
	83.12
	178.02
	194.60
	1098.96



Dempsey Creek, Thurston County (N 46.96769 W -123.01065)
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ann

	tmax
	7.51
	9.60
	12.33
	15.36
	18.83
	21.70
	24.79
	25.18
	22.17
	15.99
	10.17
	7.16
	15.90

	tmin
	0.80
	1.33
	2.27
	3.76
	6.64
	8.95
	10.88
	11.06
	8.71
	5.37
	2.90
	0.95
	5.30

	ppt
	193.67
	162.40
	138.65
	90.84
	58.77
	46.60
	22.62
	28.69
	53.71
	105.05
	211.52
	205.12
	1317.64
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