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This white paper examines the negative impacts and possible benefits of livestock grazing on Columbia spotted frog populations, and provides tentative management recommendations. There is an absence of definitive research on grazing impacts on frogs, especially regarding the large array of moderate grazing regimes that are possible. Therefore, these recommendations are speculative until controlled studies are available. 
Status
The Great Basin subpopulation (or Distinct Vertebrate Population Segment, or DPS) of the Columbia spotted frog is a candidate for listing under the U. S. Endangered Species Act. The current Special Status designation by the OR/WA Bureau of Land Management (BLM) for the Great Basin population follows the USFWS’s Candidate designation. The U. S. Forest Service (USFS), Region 6, places them within their Sensitive category. 
The Columbia spotted frog, Rana luteiventris, was formerly included within the spotted frog (Rana pretiosa) complex ranging from northern British Columbia to northern California and Utah.  Genetic studies (Green et al. 1996, 1997) found that populations from southwestern British Columbia, western Washington, western and central Oregon, and northeastern California were conspecific with Rana pretiosa, designated the “Oregon spotted frog”. Spotted frogs from the remainder of the range, the rest of British Columbia, eastern Washington and Oregon, and the Yukon, Idaho, Montana, Wyoming, Nevada and Utah, were named Rana luteiventris, the “Columbia spotted frog” (Green et al. 1997). Although these two cryptic species are morphologically nearly identical, they have separate ranges and it is possible to differentiate them by the location where they are encountered. 

Columbia spotted frogs, as a group, may require further resolution, and may even conceal additional cryptic species (Green et al. 1996, 1997). At present there are six recognized DPS’s with some boundaries that are not clearly delineated. Only the Great Basin DPS has federal candidate status at this time.    

Ecology and General Life History
Columbia spotted frogs are highly aquatic and live in or near permanent bodies of water, including lakes, ponds, slow streams and marshes.  They are most often found in herbaceous wetland plant communities comprised of sedges, rushes and grasses, and use thick floating algae and riparian vegetation for cover.  Frogs require well-oxygenated water for hibernation, and springs or saturated burrows may be used as over-wintering sites (Bull and Hayes 2002). Columbia spotted frogs are distributed through a wide range of altitudes in eastern Oregon, southeastern Idaho, northern Nevada and central and western Utah, reaching elevations of 7370 ft (2247 m) in the Steens Mountains, Oregon (Leonard et al. 1993) and 8860 ft (2700 m) in the Toiyabe Range, Nevada (Reaser 2000). Adults eat insects, mollusks, crustaceans, and arachnids.  Larvae eat algae and organic debris. Predators of adult frogs include river otters, raccoons, herons, garter snakes, and introduced bullfrogs;  larvae are consumed by dragonfly larvae, predacious diving beetles, fish, and garter snakes. 
Columbia spotted frogs are one of the earliest amphibians to breed in the Northwest. Timing of breeding varies widely across the range of the frog due to differences in weather, elevation, and latitude, but first visible activity generally begins in late winter or early spring as early as thaw permits (Leonard 2005). For Great Basin populations, breeding occurs March—April  in lower elevations and from April—mid May at higher elevations.  Columbia spotted frogs lay their eggs in the shallows of permanent water associated with pond edges, stream margins, and inundated floodplain areas (Corkran and Thoms 1996).  The eggs are deposited in spherical clusters of up to 1,300 eggs which are allowed to float freely.  In very shallow waters, the egg clusters protrude above the water which can result in egg mortality due to freezing and desiccation.     

Potential Effects from Livestock Grazing
Livestock grazing has been shown to have a profound effects on riparian areas and stream channel integrity (e.g., Kaufmann and Krueger 1984; Platts 1991; Amour et al. 1991; Fleischner 1994; for a comprehensive literature review, see Belsky et al. 1999).  Overgrazing of riparian areas exposes soils to drying winds and sunlight, reduces water storage capacity, reduces shade and thereby increases stream water temperatures, impairs water quality, accelerates erosion and down-cutting, and reduces filtration of sediment necessary for the buildup and maintenance of streambanks, wet meadows, and floodplains (Chaney et al. 1993).  
Clearly, grazing has indirect effects on spotted frog populations by impacting riparian and watershed integrity and soil saturation levels, but the magnitude and nature of grazing’s influence on Columbia spotted frogs has not yet been fully determined. Some studies and anecdotal observations have indicated that livestock affect different frog life stages and their prey base. Livestock have been observed to cause direct injury or mortality by trampling spotted frogs and eggs and to impact frog movement by defoliating and dewatering migration corridors and collapsing banks along ponds used for over wintering sites (Ross et al. 1999; Engle 2001). Increases in avian predation occur where riparian cover has been removed by livestock (J. David; J. Engle, pers. obs).  Reaser (2000) suggested that cattle grazing was an important factor limiting the distribution and densities of spotted frogs in her Nevada study sites. Sites rested from grazing appeared to have higher frog densities and age distributions than grazed sites, perhaps attributable to better water quality, higher water table, adequate vegetation cover, and absence of trampling. However, her inferences were correlative and not a controlled study of grazing impacts. Engle (2001) also concluded that the main threat to spotted frog habitat in the Owyhee Mountains of Idaho was livestock grazing, but again no controlled experiments were conducted.
Two studies (Rambo and Faeth 1999, Howard and Munger 2003) found no significant differences in insect biomass or diversity between grazed and ungrazed plots in upland and riparian areas. However, a drop in terrestrial insect food sources would be expected in riparian areas that are overutilized by livestock if most of the riparian vegetation is removed.
Bull and Hayes (2000) compared Columbia spotted frog reproduction and recruitment in grazed and ungrazed ponds in northeastern Oregon, and found no significant effects of grazing.  However, grazing duration and intensity, elevation, and pond type varied considerably among ponds, which may have confounded possible effects of livestock. More recently, Adams et al. (in press) studied the short-term effects of full and partial livestock grazing exclosures on Columbia spotted frog reproduction, larval survival, and growth rates. Their northeastern Oregon study used more careful controls on grazing intensity and pond type by assigning ponds to blocks based on grazing allotment, and by using full, partial, and no exclosure treatments. Despite significant increases in vegetation height within grazing exclosures, they found no effects on the Columbia spotted frog. Consequently, their results did not indicate that limiting cattle access to breeding ponds conserved Columbia spotted frog populations, at least in the short term. These two northeastern Oregon studies occurred in mesic, forested frog habitats, and their results are not necessarily applicable to other spotted frog habitats, such as Great Basin deserts and sagebrush-steppe.
During drought and dry winter periods when base flows are low and open surface water is limited, livestock water consumption can be a concern, especially if livestock concentrate at small waterbodies, such as ponds or oxbows in small stream systems where frogs congregate. Livestock have the potential to drink these habitats dry.  In warm weather, cattle may drink 10 to 23 gallons per day per individual (Vallentine 1990; University of Nebraska Extension Service [http://www.ianr.unl.edu/pubs/Beef/g372.htm]). 
Livestock use of ponds has the potential to introduce sediment, increase turbidity, and introduce livestock feces and urine into frog habitat.  As a result, water quality (temperature, dissolved oxygen, contaminants) in these ponds could be affected, depending on the number of livestock and the intensity of use. High ammonia concentrations have been shown to reduce survival and growth in ranid frogs (Jofre and Karasov 1998) and high concentrations of cow feces caused tadpole mortalities in lab experiments, though the concentration of waste tested was 2—3 times greater than that found in stock ponds (Howard and Munger 2003). In the Owyhee Mountains, Idaho, frogs were not observed in stock ponds with high levels of turbidity, feces, and urine, but were abundant in adjacent ponds excluded from cattle (Engle and Munger 2003).  

Possible Benefits of Livestock Grazing

In certain situations, some amount of grazing may be beneficial to spotted frog habitat.  By reducing the density of bank vegetation, grazing could allow increased solar input and raised water temperatures, thereby benefiting egg and larval development and providing basking sites for adults (Bull 2005).  Low-density livestock grazing was used to reduce shrub cover and maintain essential early successional vegetation in natterjack toad (Bufo calamita) habitat (Denton et al. 1997). In Washington, where reed canary grass had invaded wetlands, Oregon spotted frogs preferred habitats where moderate grazing had opened the grass canopy. Both ungrazed and heavily grazed areas of reed canary grass were unsuitable to frogs (Watson et al. 2000).  Some land management agencies increasingly rely on fencing to protect frog habitat from grazing. More research is needed on the effects of grazing (or not grazing) on spotted frogs, especially in arid areas, and the influence of grazing intensity and timing on all life history stages.
Howard and Munger (2003) showed that increased nutrients (i.e. feces) in stock ponds can have a positive effect on tadpole growth rates by stimulating production of algae and other vegetation consumed by larval spotted frogs.  Bull and Hayes (2000) found that egg mass volume at grazed ponds was greater than that at ungrazed ponds, suggesting that grazed ponds may have greater food abundance or larger individuals.

Artificial livestock ponds may serve Columbia spotted frogs as breeding and dispersal sites across landscapes if they are maintained to a proper depth and provide shallow, vegetated shorelines. Columbia spotted frog oviposition sites tend to be associated with emergent vegetation (e.g. rushes, sedges, grasses); located on northeastern, sunniest shorelines; and situated <2m from shore and in shallow (<20cm) water (Pearl et al. 2007).  By utilizing shallow pond sites frogs risk losing their reproductive effort in drought years and are vulnerable to livestock trampling, risks perhaps outweighed by faster egg developmental times in warm, shallow water. 
Anecdotally, Columbia spotted frogs frequently appear to be more abundant in moderately grazed patches than in adjoining ungrazed areas, but whether this difference reflects an actual difference in numbers or is simply caused by increased visibility of frogs in more open habitat is unknown. At Castro Spring in southeastern Oregon in 1999, adult frogs were observed in grazed areas with short (4-6”) sedges and grasses, but the majority of these frogs occurred within a few feet of the tall sedges in a riparian exclosure.  On Twelvemile Creek within Prineville District, BLM, adult frogs were observed only on a heavily grazed reach, and not in adjacent lightly grazed and excluded reaches. Paradoxically, at Coburn Creek near Castro Spring, spotted frogs occurred in low numbers in a moderately grazed riparian pasture, but adults were abundant in an adjacent, heavily vegetated exclosure (coyote willow and sedges) 20 feet away. 
Based on observations such as these and without the benefits of comprehensive research, it may be that a mosaic of vegetation densities and compositions is most appropriate for Columbia spotted frogs given that their habitat requirements vary with life history stage.  However, intense grazing that denudes riparian cover, such as would occur within a water gap, exposes frogs to predation, impacts food supplies, and cuts the migratory corridors between breeding, feeding, and hibernating sites. Patla and Peterson (1999) found that barriers in wet movement corridors were likely responsible for the decline of spotted frogs in the Yellowstone area.

Management recommendations 
Typical grazing strategies conducive to riparian health emphasize early season (spring) use with perhaps deferred or rest/rotation regimes (USDI 2005). However, winter, fall, or even hot season grazing can be effective depending on local topography, soils, elevation, and herd management techniques. 

Spring grazing offers the advantages of reduced utilization of riparian vegetation and time for regrowth before fall.  Regrown sedge and rush cover facilitates seasonal adult frog movements, dispersal of froglets, and insect food supplies.  However, livestock may be present during spring breeding periods, when adult frogs congregate in ponds and eggs are present and vulnerable in near-shore shallows. Livestock have been observed to cause direct injury or mortality by trampling spotted frogs and eggs (Ross et al. 1999), though direct physical impacts to mobile tadpoles would be unlikely. High elevation sites are usually not grazed until green-up in late May or June, and because Columbia spotted frogs are early breeders, livestock generally would not enter the pasture until after eggs have hatched. However, in low elevation pastures, green-up and livestock turn-in may coincide with frog breeding and oviposition and which may result in trampled egg masses. Postponing livestock deployment until after egg hatch or fencing breeding ponds or shorelines where breeding occurs would alleviate frog mortalities. 
Grazing in seasons that do not coincide with critical breeding periods would be less problematic, as long as sufficient riparian cover remains for frog movement and forage. However, some trampling mortalities may occur, especially during late fall migrations to hibernacula or during metamorph dispersal periods.
If ground disturbing activities are planned in Columbia spotted frog habitat, instream or pond work periods should be considered. Activities may include dredging stock ponds, trough repair or development, culvert replacement or removal, fence building, or temporary stream crossings. The best time for disturbance may be late summer and early fall after tadpoles are transformed, froglets disperse, and before hibernation occurs.  During this period much of the ground is dry, and remaining wet areas should be avoided and preserved. As a precaution, the site should be surveyed for adults, and any adults or froglets that are observed should be moved to adjacent safe habitat. Depending on the level and length of the disturbance they may be held temporarily and returned to the site (see Timing of Projects paper). In winter, ground disturbances near or upstream of hibernacula could suffocate adults if high sediment loads are released.
Conclusion 
While the negative effects of intense livestock grazing on Columbia spotted frogs are well documented, less is known about impacts of more moderate grazing regimes, including variations in timing, duration, and intensity. Because of the many variables involved, controlled research on grazing effects on spotted frogs is expensive and complex.  However, evidence that is largely anecdotal suggests that spotted frogs benefit from a mosaic of vegetation densities and compositions, and that some level of well-managed grazing may be possible in frog habitat if care is taken regarding seasonal timing, protection of breeding sites, and sufficient residual stubble to ensure adequate cover. 
References:

Adams, M. J., C. Pearl, B. McCreary, S. Galvan, S. Wessell, W. Wente, C Anderson, and A. Kuehl. (in prep). The effect of cattle exclosures on Columbia spotted frog (Rana luteiventris) populations and habitat in northeastern Oregon, USA. 

Armour, C.L., D.A. Duff, and W. Elmore. 1991. The effects of livestock grazing on riparian and stream ecosystems. Fisheries 16(1):7-11.

Belsky, A. J., A. Matzke, A., and S. Uselman. 1999. Survey of livestock influences on stream and riparian ecosystems in the western United States. 1999. Journal of Soil and Water Conservation 54(1): 419-431.

Bull, E., and M. Hayes. 2000. The effects of livestock on reproduction of the Columbia spotted frog. J. of Range Management 53:291-294.
Bull, E.L. and M.P. Hayes. 2002. Overwintering of Columbia spotted frogs in northeastern Oregon. Northwest Science. 76: 141-147.

Bull, E.L. 2005. Ecology of the Columbia spotted frog in northeastern Oregon. Gen. Tech. Rep. PNW-GTR-640. Portland, OR: USDA, Forest Service, Pacific Northwest Research Station. 46 p.
Chaney, E., W. Elmore, and W. Platts. 1993. Livestock grazing on western riparian areas. Produced for U.S. Environmental Protection Agency by the Northwest Resource Information Center, Inc., Eagle, ID.
Corkran, Charlotte C. and C. R. Thoms. 1996.  Amphibians of Oregon, Washington, and British Columbia.  Lone Pine Publishing, Redmond WA.

Denton, J. S., Hitchings, S. P., Beebee, T., and A. Gent. 1997. A recovery program for the natterjack toad (Bufo calamita) in Britain. Conservation Biology 11(6): 1329-1338.

Engle, J. 2001. Population biology and natural history of Columbia spotted frogs (Rana luteiventris) in the Owyhee uplands of southwest Idaho and implications for monitoring and management. Master thesis, Boise State University, Boise, ID.

Fleischner, T.L. 1994. Ecological costs of livestock grazing in western North America. Conservation Biology. 8(3): 629-644.
Green, D.M., Kaiser, H., Sharbel, T.F., Kearsley, J., and K.R. McAllister. 1997. Cryptic species of spotted frogs, Rana pretiosa complex, in western North America. Copeia 1997 (1):1-8.
Green, D.M., T.F. Sharbel, Kearsley, J., and H. Kaiser.1996. Postglacial range fluctuation, genetic subdivision and the speciation in the western North American spotted frog complex, Rana pretiosa. Evolution
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.

Howard, A. and J. C. Munger. 2003. Effects of livestock grazing on the invertebrate prey base and on the survival and growth of larvae of the Columbia spotted frog, Rana luteiventris. Final Report for Idaho Bureau of Land Management and Boise State University, Boise, ID.
Kauffman, J.B. and W.C. Krueger. 1984. Livestock impacts on riparian plant communities and stream-side management implications, a review. Journal of Range Management 37(5): 430-437.
Leonard, W. P. 2005. AmphibiaWeb: Information on amphibian biology and conservation.[web application]. Berkeley, CA. http://amphibiaweb.org/.

Leonard, William P., Brown H. A., Jones, L.C., McAllister, K. R., and R. M. Storm. 1993. Amphibians of Washington and Oregon. Seattle Audubon Society.  Seattle, Washington. 

Patla, D. A. and C. R. Peterson. 1999. Are amphibians declining in Yellowstone National Park? Yellowstone Science 7: 2-11.

Pearl, C. A., M. J. Adams, and W. H. Wente 2007. Characteristics of Columbia spotted frog ovipositon sites in Northeastern Oregon, USA.  Western North American Naturalist  67(1) pp. 86-91

Platts, W. S. 1991. Livestock grazing. Pp. 389-423 In Mecham, W.R. (Ed.). Influences of forest and rangeland management on salmonid fisheries and their habitats. American Fisheries Society Special Publication 19.
Rambo, J., and S. Faeth. 1999. Effect of vertebrate grazing on plant and insect community structure. Conservation Biology 13(5): 1047-1054.
Reaser, J.K. 2000. Demographic analyses of the Columbia spotted frog (Rana luteiventris): case study in spatio-temporal variation. Canadian Journal of Zoology. 78: 1158-1167.

Ross, D.A, J.K. Reaser, P. Kleeman, and D.L. Drake. 1999. Rana luteiventris (Columbia spotted frog). Mortality and site fidelity. Herpetological Review 30:163.

USDI BLM. 2005. Riparian area management—management processes and strategies for grazing riparian-wetland areas, Tech. Ref.1737-20, 120pp.
Vallentine, J. F. 1990. Grazing management. Academic Press, Inc., San Diego, CA. 533 pp.
Watson, J., McAllister, K., Pierce, D., and A. Alvarado. 2000. Ecology of a remnant population of Oregon spotted frogs (Rana pretiosa) in Thurston County, WA. Final Report. Washington Dept. Fish and Wildlife, Olympia, WA.

PAGE  
9

