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Disclaimer 

This Conservation Assessment was prepared to compile the published and unpublished information on the Columbia spotted frog (Rana luteiventris), with emphasis on the Great Basin subpopulation. 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.  In the spirit of continuous learning and adaptive management, if you have information that will assist in conserving the subject taxon or community, please contact the interagency Special Status/Sensitive Species Conservation Planning Coordinator in the Portland, Oregon, Forest Service Region 6 and OR/WA BLM offices. 

Executive Summary

Species and Taxonomic Group

Columbia spotted frog 

Class: Amphibia

Order: Anura

Family: Ranidae

Genus and Species: Rana luteiventris -Thompson, 1913


Management 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 (U. S. Fish and Wildlife Service [USFWS] 1993). 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. Any updates to USFS and BLM management status for the Columbia spotted frog may be viewed at the interagency Special Status/Sensitive Species website.

NatureServe (http://www.natureserve.org/explorer) ranks the Columbia spotted frog as a species with a Rounded Global Status of “apparently secure”, but the Great Basin, Wasatch Front, and West Desert subpopulations as “imperiled” (G2). The Oregon Natural Heritage Information Center (ORNHIC) places the species on List 2 (taxa that are threatened with extirpation) with a State Rank of S2S3, but did not rank (SNR) the Great Basin DPS. The Washington Natural Heritage Program (WNHP) considered the species (the Northern DPS within Washington) as S4, or “apparently secure”. Oregon Department of Fish and Wildlife lists the Columbia spotted frog, as a species, as “Undetermined Status” with no special protection. Washington Department of Fish and Wildlife designates the Columbia spotted frog (the Northern DPS) as a State Candidate species that is managed by the State, as needed, to ensure its long-term survival.

Range & Habitat
Columbia spotted frogs range from southeast Alaska, across British Columbia, Alberta, eastern Washington, eastern and central Oregon, Nevada, northern, southwestern and central Idaho, western Montana, and northwestern Wyoming. The Great Basin DPS of Columbia spotted frogs in Nevada, southwestern Idaho and eastern Oregon is geographically separated from the Northern DPS in the central mountains of Idaho by the Snake River Plain and adjacent lowlands in eastern Oregon. Although Columbia spotted frogs have a wide distribution in eastern Oregon, recent surveys and preliminary data from long-term monitoring suggest that declines have occurred, and that low elevation populations inhabiting sagebrush-steppe habitats are isolated, small, and particularly vulnerable.

Columbia spotted frogs are highly aquatic and rarely found far from permanent water, but they can also utilize intermittent streams and meadows in spring.  They usually occupy the sunny, vegetated margins of streams, lakes, ponds, spring complexes, and marshes. In arid areas, the frogs utilize the thick algal growth that floats on overflow pools or side channels for basking or cover. 

Threats 
Habitat loss and alteration are the primary threats to the persistence of Columbia spotted frog populations.  In the Great Basin, degradation and fragmentation of Columbia spotted frog habitat is likely due to the combined impacts of water diversion, livestock grazing, agricultural development, roads, urbanization, and mining.  In addition, contaminants, fire-suppression actions, introduced pathogens, and non-native species contribute to population declines. In Oregon, over 90% of known, currently occupied Columbia spotted frog sites occur on public land (i.e., BLM, USFS, USFWS, State Department of Lands).
Management Considerations
Conservation of this species should address management at both the local and meta-population levels. The following then represent key considerations: 
At the metapopulation level, consider the following: 

· Maintain, restore, or create an array of ponds and wet meadows with a diversity of hydroperiods.
· Establish or maintain continuous riparian/wetland corridors between neighboring ponds or spring complexes.  

· Maintain the integrity of naturally-occurring, minimally altered habitats.  This may involve land acquisition, purchase of water rights, and removal, reduction or control of threats.
· Limit construction of new roads that may interfere with seasonal movement between habitats/local populations.
· Mitigate for habitat loss by restoring and enhancing wetlands to create additional habitat.

Within occupied (and potential) habitats, consider the following to address local populations: 

· Develop a management strategy for each local population, assessing the threats and opportunities for managing or restoring the site.  Consider linkages to adjacent local populations, and potential opportunities to remove barriers/threats to link them.

· Fence potential or occupied riparian habitat; rotate (consider timing, frequency, and duration) or reduce livestock use in riparian areas. 
· Discourage new developments/facilities within potential or occupied habitats. 
· Restrict the use of fire control chemicals in occupied or potential habitat.
· Limit the use of prescribed fire in occupied or potential habitat to allow for a mosaic of riparian vegetative cover.
· Maintain riparian function and water quality during timber harvest activities.
· Discourage recreation use of occupied or potential habitat.
· Restrict the use of chemical contaminants within or adjacent to potential or occupied habitat.
Research, Inventory, and Monitoring Opportunities 
Several methods exist for sampling amphibians that occupy lentic habitats (Heyer et al. 1994; Olson et al. 1997) and are aimed at determining population occurrence, population sizes, or trends at various spatial scales.  Visual encounter surveys (VES) are most commonly used by management agencies for determining presence-absence of a species and to estimate relative abundance at a site (see Thoms et al. 1997 for details and Appendix B for an example). Mark-recapture protocols are used for long-term population monitoring and trend analysis. These methods can pinpoint population declines or improvements and help assess the efficacy of management actions. Research is needed to determine the effects of various land management activities, such as livestock grazing, recreation, fish stocking, and contaminant application, on Columbia spotted frogs and the best approaches for ameliorating negative impacts. 
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Introduction
Goal 

The goal of this Conservation Assessment is to summarize existing knowledge regarding the biology and ecology of the Columbia spotted frog (Rana luteiventris), threats to the species, and management considerations to provide information to line managers to assist in the formulation of options for management activities.  This species is of concern due to its dependence on intact and perennial wetland complexes, habitats that are in jeopardy in the arid and rapidly developing west, and its sensitivity to chemical contaminants, introduced predators, and disease.  Federal management for this species follows OR/WA BLM Special Status Species (SSS) and Region 6 Sensitive Species (SS) policies.
For OR/WA BLM administered lands, SSS policy details the need to manage for species conservation. 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 System 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. 

Scope

The geographic scope of this assessment includes consideration of the known and suspected range of the Great Basin subpopulation, or Distinct Vertebrate Population Segment (DPS), of the Columbia spotted frog in OR BLM and USFS Region 6 (Fig. 1).  However, ecological and biological information from other subpopulations (e.g., Northern, Wasatch Front) and regions, where applicable, have been included. An emphasis on species considerations is provided for federal lands, but species knowledge compiled from non-federal lands is included as it is relevant to the overall conservation of the species.  This assessment summarizes existing knowledge of a relatively little known vertebrate.  A great deal of new information has been generated regarding this species in the last few years, especially with respect to distribution, habitat, and genetic structure, and we expect information updates will be necessary to keep this assessment current over time.  Also, threats named here summarize known or suspected existing threats, which also may change with time.  Management considerations may apply to specific localities, but some larger scale issues, such as population connectivity and range-wide concerns, also are listed.  Uncertainty and inference are acknowledged where appropriate.
Management Status
U. S. Fish and Wildlife Service (USFWS 1993) recognized the Northern, Great Basin, West Desert, and Wasatch Front DPSs (Fig. 1), which are roughly equivalent to Green et al.’s (1997) Northern, Great Basin, Bonneville, and Provo groups, respectively. The Service found that taxonomic distinctiveness and threats from habitat alteration and introduced species to be sufficient as to consider the Great Basin, West Desert, and Wasatch Front DPSs as warranted for listing as Threatened, but precluded because work on other species had higher priority (FWS 1993). These three DPS units were designated as federal Candidates. The Northern DPS was found not warranted for listing based on its abundance and wide distribution. 

In later findings (USFWS 1998; 1999), the Service reconsidered the Wasatch Front and West Desert populations and found that listing these two DPSs was not warranted and removed them from Candidate status. This decision was precipitated by efforts by the State of Utah and other cooperating agencies to implement significant recovery actions to reduce or remove threats to the frogs and which resulted in a conservation agreement (Perkins and Lentsch 1998). Currently, only the Great Basin DPS is listed as a federal Candidate.

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 Great Basin DPS occurs in Oregon but not Washington, where the Columbia spotted frogs are members of the Northern DPS. Although Green et al. (1996) suggested that frogs in northeast Oregon belonged to the Great Basin DPS, they may in reality be affiliated with the Northern DPS, and more genetic work is needed (Fig. 2; see Demography, below). NatureServe (http://www.natureserve.org/explorer) ranks the Columbia spotted frog as a species with a Rounded Global Status of G4, or “apparently secure”, but the Great Basin, Wasatch Front, and West Desert DPSs as T2 or “imperiled” (at a high risk of extinction due to very restricted range, very few populations, steep declines, or other factors). The Oregon Natural Heritage Information Center (ORNHIC) places the species on List 2 (taxa that are threatened with extirpation) with a State Rank of S2S3, but did not rank (SNR) the Great Basin DPS. The Washington Natural Heritage Program (WNHP) considers the species (the Northern DPS within Washington) as S4, or “apparently secure”. Oregon Department of Fish and Wildlife lists the Columbia spotted frog, as a species, as “Undetermined Status” with no special protection. The frog is on the sensitive species list for the State of Idaho but again does not receive any special protection. Washington Department of Fish and Wildlife designates the Columbia spotted frog (the Northern DPS) as a State Candidate species that is managed by the State, as needed, to ensure its long-term survival.

Classification and Description

Systematics and Synonymy

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. Rana pretiosa, described from “Puget Sound” by Baird and Girard in 1853, was divided into two subspecies by Thompson (1913) based on ventral coloration and plantar and palmar tubercules. These taxa, R. p. pretiosa, occupying most of the species’ range, and R. p. luteiventris, confined to the Great Basin of Nevada, Idaho, and Oregon, could not be clearly differentiated and were ultimately not recognized as valid (Morris and Tanner 1969; Nussbaum et al. 1983).   Using allozyme and morphometric data, Green et al. (1996, 1997) concluded that populations from southwestern British Columbia, western Washington, western and central Oregon, and northeastern California were conspecific with Rana pretiosa Baird and Girard (1853), which they 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 Thompson (1913), the “Columbia spotted frog” (Green et al. 1997). Although these two cryptic species are morphologically nearly identical, they have allopatric ranges and it is possible to differentiate them by the location where they are encountered. 

Green et al. (1996, 1997) hypothesized that the taxon R. luteiventris may require further resolution, and may even conceal as many as three cryptic species. He determined that, based upon genetic evidence, R. luteiventris was comprised of four forms with boundaries that were not clearly delineated.  These four forms were the Northern, the Great Basin, the Bonneville, and the Provo groups (Fig. 1).  

Species Description  

The Columbia spotted frog is a member of the anuran family Ranidae, or “true frogs”.  Ranids typically are slim-waisted, smooth-skinned jumpers with webbed hind feet and dorsolateral folds of skin extending from behind the eyes to the lower back. Columbia spotted frogs are generally light to dark brown or olive dorsally with varying numbers of dorsal black spots. Usually a faint mask and light jaw stripe are present. Ventrally, abdominal and hind leg coloration ranges from cream to yellow, but can vary geographically. For example, reddish ventral coloration has been observed in frogs from the Blitzen River system (Nussbaum et al. 1985), but red venters are unknown in southwest Idaho and southeast Oregon populations (Engle 2001). Hind feet are large and are fully webbed.  Adult females grow to approximately 90—100 mm snout-to-vent length (SVL) and are larger than males. Adult males may reach 75 mm SVL and have swollen, dark nuptial pads at the base of their thumbs.

Columbia spotted frogs are very similar morphologically to Oregon spotted frogs, but the two species do not co-occur. Leopard frogs (Rana pipiens) and bullfrogs (R. catesbiana) however, are sympatric species and may occupy similar aquatic habitats as Columbia spotted frogs. Leopard frogs can be distinguished from spotted frogs by their conspicuous, square-shaped spots, white ventral coloration, longer leg length (adpressed heel of the hind limb reaches beyond the nostrils), and quicker, warier response to intruders.  Compared to Columbia spotted frogs, bullfrogs grow to a larger size, have a much larger and more conspicuous tympanum, lack dorsolateral folds but have a prominent ridge behind the eye, are warier, and make an “eep” sound when disturbed. 

Biology and Ecology
Life History and Reproductive Biology

The Columbia spotted frog’s mode of reproduction, with eggs and tadpoles that develop in lentic environments, is generally considered to be the most generalized and primitive mode among anurans.  This species’ life history pattern of relatively early age at first reproduction, large clutches, and lack of parental care have been construed as an indication of fluctuating or low juvenile survivorship, uncertain breeding conditions, and environmental instability (the classical r-selection, sensu Pianka (1970)).  

Temperature appears to be a major factor initiating breeding activity and restricting breeding seasons in anurans (Duellman and Trueb 1994).  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). A major advantage of early breeding, especially for populations inhabiting arid portions of the range, is that it allows a longer hydroperiod that increases the likelihood of metamorphosis before ponds dry in the summer (Davis and Verrell 2005). In Utah (el. 4550’ [1385 m]), Wasatch Front frogs emerge from hibernation about mid-March when water temperatures warm to 10 – 11o C and begin egg laying when water temperatures reach about 14o, late March through the end of April (Morris and Tanner 1969). Lower elevation populations of West Desert frogs also begin breeding in early March and continue to mid-April (Perkins and Lentsch 1998).  

In Northern DPS populations, breeding has been reported in mid-April to early June in Yellowstone National Park (Turner 1958), late June to early July at high elevation in northern Idaho (Pilliod 2001), and mid May in the Washington Cascades (Leonard et al. 1996) and Alberta, Canada (James 1998).  

In Great Basin DPS spotted frogs, breeding is similarly linked with temperature and elevation. In the Toyaibe Range, Nevada, eggs were laid February – April, dependent on weather patterns (Reaser 2000).  In the Owyhee Mountains of southwestern Idaho (el. 5600’ [1700 m]), oviposition typically occurred mid-April when daily water temperatures ranged 5 – 11o C.  Egg masses were deposited earlier at sites that contained or were close to a hibernaculum than at sites used solely for breeding (Engle and Munger 2000). In eastern Oregon, breeding was observed (egg masses, calling and amplexus) between mid-March and mid-April at relatively low elevations (3300 – 3600’ [1000 – 1100 m]) and between mid-April and mid-May at higher elevations (4400 – 4800’ [1340 – 1460 m]) (Vale District BLM, unpubl. data). In the Wallowa and Blue Mountains of northeastern Oregon, Bull and Shepherd (2003) found that egg deposition was initiated when maximum water temperatures were 9.8 – 20.2o C (and mean water temperatures were 7.6 – 16.0o C) at sites ranging 3000 – 5900’ (915 – 1800 m) in elevation.  Most egg laying occurred late March to late April, and duration of egg deposition ranged from 1 to 20 days.
During breeding, Columbia spotted frogs are active both during the day and at night (Engle 2001). Males emerge from hibernation first and arrive a few days before the females, floating in shallow water in loose, non-territorial aggregations (Turner 1958; Morris and Tanner 1969; Nussbaum et al. 1983). The males call from above or below the surface, and may vocalize during the day. The call is faint and difficult to hear more than a few feet away, sounding like a weak tapping or clucking noise coming in a series of clicks, ranging from 6 to 50 at a time (Morris and Tanner 1969; Leonard et al. 1996). In the Owyhee Mountains of Idaho, vocalizations begin one week prior to breeding and end abruptly after oviposition is completed (Engle 2001). 

When the female arrives at the breeding area, she is approached by and subsequently seized by a male in a nuptial embrace known as amplexus.  Amplexus is axillary (under the “armpits”) and is sustained for several hours or possibly days until the female releases her eggs into the water. The difference in size between the larger female and smaller male positions the male’s vent directly above the female’s. The male, still in amplexus, releases sperm on the eggs as they are laid (Turner 1958; Morris and Tanner 1969; Leonard et al. 1996). 

Adults exhibit strong fidelity to breeding sites, with egg deposition typically occurring in the same areas in successive years (Reaser 2000; Engle 2001; Pilliod et al. 2002).  There is evidence that some females choose to breed in the site they were hatched, and will leave a hibernaculum suitable for egg laying to travel to their natal ponds (Engle 2001). However, in a montane Great Basin DPS population in northeastern Oregon, some frogs (28% of marked males and 11% of marked females) used different breeding ponds when multiple breeding sites were available (Bull 2005). Male are less attached to natal areas and, once in amplexus, will be carried by the female to her preferred site. In southeastern Idaho, Engle (2001) captured amplectic pairs leaving hibernacula and heading toward breeding sites, and recaptured the same males individually heading in the opposite direction along the same riparian corridor, presumably after mating. 

Female Columbia spotted frogs characteristically deposit their eggs communally, so that individual masses may be touching or piled upon each other.  The heaps of eggs characteristic of communal laying retain heat from the day into the night and provide thermal insulation, thereby encouraging embryonic development despite cool spring temperatures (Licht 1971; Davis and Verrell 2005).  Fifty masses were observed in an area 75 cm across in a Wasatch Front population (Morris and Tanner 1969), 35 masses in an area 4 m2 in a Northern DPS population in Washington (Leonard et al. 1996), and 20 masses together in a Great Basin population in southwestern Idaho (Engle 2001).  Eggs are deposited as a rounded heap not attached to vegetation and often protrude above the water surface, which renders them vulnerable to desiccation or freeze-thaw damage.  Egg number per clutch varies greatly. Clutch size averaged 750 eggs in a Wasatch Front population, ranging between 147 and 1160 eggs for 37 carefully measured clutches. The same range in egg number was observed in dissected gravid females, suggesting that variability in laid clutch sizes was not caused by females laying their eggs in multiple complements (Morris and Tanner 1969). In a Northern population in Yellowstone National Park, eggs were deposited in clusters of 206 – 802 (Turner 1958), and Great Basin population egg masses in southwest Idaho contained from 200 to 500 eggs per mass (Engle 2001). 

The eggs typically hatch in 3 – 28 days depending on temperature (12 – 21 days in northeastern Oregon [Bull and Shepherd 2003]; 14 days in the Wasatch Front [Morris and Tanner 1969]; 21 – 28 days in the Owyhee Mountains [Engle and Munger 2000]).  Hatchlings are dark brown and 7 – 10 mm in total length (Nussbaum et al. 1983; Engle 2001). Young tadpoles remain attached to the gelatinous egg capsules for two or three days, then drop to the bottom, sustained by the remaining yolk until mouth and anal openings develop and free feeding begins.  Tadpoles scrape or rasp the loose outer surfaces of decomposed plant material and algae using their larval teeth and older larvae may scavenge animal material, including other tadpoles. 

Size at metamorphosis and length of larval period in amphibians are also dependent on water temperatures as well as food availability, and vary with elevation and habitat quality (Licht 1975; Morrison and Hero 2003).  Columbia spotted frog tadpoles may attain total lengths of 45 – 100 mm before transformation (Leonard 2005). Great Basin population tadpoles in southwest Idaho typically metamorphosed at 70 – 75 mm (maximum size observed = 94 mm) (Engle 2001). 

Metamorphosis usually occurs by fall.  Wasatch Front tadpoles all transformed late July through mid-October, 122 – 209 days after ovulation (Morris and Tanner 1969). In montane habitats in northeastern Oregon with elevations ranging between 3070 - 6990’ (935 – 2130 m), metamorphosis occurred between July at lower elevations and September at higher, with timing influenced by weather and water temperatures (Bull 2005).  At one pond on the Grande Ronde River, metamorphosis was completed within a three week period in August. 

In a relatively high elevation (about 5600’) Great Basin DPS population in southwestern Idaho, metamorphosis occurred over an extended period from mid-July through October.  At a lower (4800’), more arid Great Basin site about thirty miles west in southeastern Oregon, metamorphosis occurred in late August. At a second Great Basin site in eastern Oregon (el. 3920’) tadpoles transformed late July to early August.
At higher elevations or northern latitudes with shorter growing seasons, tadpoles may overwinter and metamorphose the following spring, though documentation of overwintering is limited. In Northern DPS populations at Yellowstone National Park, metamorphosis usually occurred about 60 days after hatching, from late July to freezeup, but in permanent pools some larvae did not transform until the following year (Turner 1958). Logier (1932) collected transforming tadpoles (43 – 76 mm TL) on 1 July near Lake Okanagan, British Columbia, and surmised that they had overwintered; more recently in an Alberta site, large spotted frog tadpoles (50 – 60mm TL) with limbs were reported in early July sharing pool habitat with recently hatched tadpoles (20 mm TL), also suggesting that the large tadpoles had overwintered (James 1998).  Overwintering as larvae is not known to occur in Great Basin DPS frogs. Although tadpoles have been observed as late as mid-November at 5600’ in southwestern Idaho (Engle 2001), no large tadpoles have been recorded from early spring in the Great Basin, and metamorphosis likely occurs within one growing season.  

Activity Patterns and Movements
Knowledge of movement is important in order to avoid unintentional damage to important habitats through land management actions such as logging, grazing, and mining (Bull and Hayes 2001). The Columbia spotted frog is a mobile species, and migrates seasonally between habitats and for dispersal. Patterns of movement vary with elevation, season, gender, and age, but is likely greatest where predation is high, food supplies unpredictable, or wetlands are ephemeral (Reaser and Pilliod 2005). While breeding frogs may travel during the day or at night, pit-fall trap studies in the Owyhee Mountains showed that movement activity and dispersal occurred nocturnally in non-reproductive individuals and in adults outside of the breeding season (Engle 2001). However, foraging and basking commonly occurs on warm, sunny days.

Turner’s (1960) study of Northern population spotted frogs in Yellowstone National Park showed that frogs moved to breeding ponds from hibernacula in May and outmigrated to other permanent waters in July after drying of meadows and temporary ponds, with maximum travel rates of 62-189 m/day.  Maximum distance traveled for an individual frog (a female) was a straight line emigration of 1280 m between two drainages, but may have been considerably farther if the frog followed riparian corridors.  Turner thought limited upland travel occurred early in the season when scattered puddles and cover were available, but travel was confined to streams or intermittent channels in late summer when conditions were too dry for overland movement.

Detailed movement data for a Northern DPS spotted frog population in a mountain basin in central Idaho were reported by Pilliod et al. (2002). Movements of over 800 radio-tagged and marked frogs showed that seasonal habitat occupancy varied depending on the age and sex of the frog.  In summer, males were recaptured up to 424 m from breeding ponds, while females moved up to 1033 m, though not all frogs left their breeding sites. In general, larger frogs (usually females) migrated farther to reach summer foraging and overwintering habitats than smaller frogs (usually males). Large reproductive females may need to forage more extensively than males in order to replenish fat reserves for egg development. Individual males, however, did move 1500 and 2000 m. Round trips (out to summer habitat and back to overwintering sites) for some females were at least 2066 m. Metamorphs also migrated from breeding ponds to deeper overwintering sites, but their movements occurred in fall, weeks after the adults left the breeding ponds. Metamorphs were able to travel about 100 m (up to 350 m) over dry land.

Although most frog movement in the study occurred along stream corridors, Pilliod et al. (2002) showed that frogs in this montane environment, like frogs in Yellowstone National Park (Turner 1960), also moved between habitats separated by 500 m of dry, coniferous forest and could be captured in ponds with no wetland connection to other sites. Long-distance navigation, and ability to move quickly and use microhabitats, such as seeps, that reduce water loss, may be critical in this high-elevation environment. 

In a Great Basin spotted frog population in forested habitat in northeastern Oregon, Bull and Hayes (2001) found that radio-tagged frogs moved 15 - 560 m from breeding ponds to other ponds with deeper water and emergent vegetation or to a river with cooler water temperatures. Moves appeared to be related to better cover from predators, increased forage opportunities, or more optimal water temperatures than were available in breeding ponds.  Frogs tended to remain in larger breeding ponds that could provide adequate year-round resources. Most frogs moved along riparian corridors, but one frog traveled 400 m over a relatively dry floodplain.

In a three-year study of Columbia spotted frog movement in a Great Basin population in the Owyhee Mountains of southwestern Idaho, Engle (2001) PIT-tagged about 2000 individuals but documented only 15 (of 631) recaptures positioned more than 1,000 m from their original capture point. As in other areas, frogs in this population moved between hibernacula, breeding ponds, and wet meadow /riparian foraging areas, though some individuals remained close to or within breeding and overwintering sites. Maximum travel distances between capture points were 1759 m for a male, 1835 m for a female, and 6500 m for a two-year-old subadult downstream from its natal pond. Although gender differences were observed, about 75% of all movement was <99 m from the original capture point. All recaptures were along riparian corridors with none further than 2 m from water, and no individuals were observed to cross dry sagebrush-steppe habitat.  In a mark-recapture study in Nevada, a female was recaptured in a ditch 5 km straight-line distance from the original pool of capture (Reaser 1996). Although the surrounding area was sagebrush-steppe, small ephemeral creeks in a wet year may have provided a movement corridor between sites for this female.
Rates of dispersal may be exceptionally high for juvenile Columbia spotted frogs compared to many amphibians. In a Northern population of spotted frogs in montane habitat in Montana, 25% of recaptured juveniles (recently transformed individuals) had moved 200 m or farther, and 14% had moved at least 1000 m, while only 4% of adults moved 200 m and 2% as far as 1000 m (Funk et al. 2005b). The maximum distance moved was 5750 m by a juvenile. Almost all of the juvenile movement represented permanent dispersal rather than temporary migration, and suggests that isolation of spotted frog populations through habitat fragmentation could lead to higher extinction rates if juveniles disperse and are lost from a population. 

Site Fidelity

Although juveniles may be more vagile in their dispersal patterns, adults exhibit strong fidelity to breeding sites, with egg deposition typically occurring in the same areas in successive years.  There is evidence that some females choose to breed in the site they were hatched, and will leave a hibernaculum suitable for egg laying to travel to their natal ponds (Engle 2001).  In central Idaho, Northern population frogs of both sexes showed strong site fidelity to breeding areas, with 66% of the males and 56% of females recaptured in subsequent years at the same sites (Pilliod et al. 2002).  Similar recapture rates occurred at breeding ponds in northeastern Oregon (Bull 2005), but some frogs used different ponds where multiple breeding sites were available.  Where eight breeding ponds occurred within 1.2 km, 28% of marked males and 11% of females used more than one breeding site in subsequent years.  

Food Habits

Between ovulation and for a brief time after hatching from the egg capsule, larval Columbia spotted frogs rely on the yolk sac for their nutritional needs. After the yolk is absorbed, tadpoles begin to feed, scraping or rasping the loose outer surfaces of decomposed plant material with their five rows of larval teeth. Gut content analyses in a Wasatch Front population indicated a diet of decomposed organic material and green algae (Morris and Tanner 1969). Tadpoles in advanced stages, such as after the appearance of limb buds, may scavenge on dead animal material. 

At metamorphosis, frogs become carnivorous and the digestive tract is modified (Duellman and Trueb 1994).  Adult frogs feed diurnally, at dusk, and perhaps nocturnally if temperatures are warm.  Turner’s (1959) careful study of food habits of Northern population spotted frogs in Yellowstone National Park showed feeding to be opportunistic. Over 155 taxa, including mollusks, crustaceans, arachnids, and insects, were identified from gut contents of 142 transformed frogs, though 70—90% of all food items were spiders, coleopterans, hymenopterans, dipterans, or hemipterans.  Fifty-five percent were either beetles, ants, dung flies (which feed on aquatic plants), or water striders.  Some bias in this study toward beetles as food items may have occurred due to persistence of sclerotic beetle body parts in the frogs’ digestive tracts.

In the same study, there were no differences in feeding habits related to gender, but season influenced the amount and species composition of food ingested.  From frog emergence to mid-June, feeding was light, but amount of food ingested peaked during July and August which coincided with the frogs’ maximal growth period.  Gammarus (scuds) and caddisfly larvae were utilized only in June when frogs were more restricted to water. Lepidopteran caterpillars, grasshoppers, caddisfly adults, and various flies were eaten later in the summer as they became available and as frogs migrated to more upland foraging habitats. Ants, beetles, and spiders were eaten throughout the season.

In general, only the smallest frogs ate small prey, but large frogs that were capable of ingesting large items took mostly smaller prey. Most food items for frogs >30 mm SVL were 4 to 9.5 mm in maximum dimension, about the size of many gnats or ants. It was not clear whether this prey size range was preferred by frogs or was simply more commonly encountered. The largest food item observed was an adult Libellula dragonfly 54 mm in length.

Turner (1959) also found that locality was associated with the food eaten.  For example, frogs living in a stagnant backwater consumed disproportionately more water striders than frogs from other habitats, and weevils that inhabited wild strawberry were only found in frogs collected at upland sites. In addition, spotted frogs foraged under water, as evidenced by the presence of scuds and larval caddisflies, dragonflies, and other aquatic species in stomach contents.  

In northeastern Oregon, spotted frogs had equally generalist diets, with similarly high proportions of beetles, hymenopterans, and flies ingested (Bull 2003, 2005).  As in the Yellowstone study, diet composition in northeastern Oregon frogs varied with habitat (streams vs ponds) and season, but not between sexes. However, female frogs >55 mm SVL consumed about 60% more biomass than males of the same size, presumably to provide additional energy for egg production. 

In addition, cannibalism has been documented in Columbia spotted frogs.  Female adults with recent metamorphs in mouths or stomachs were observed in central Idaho (Pilliod 1999) and northeastern Oregon (Bull 2005) populations. The closely related Oregon spotted frog in the Cascade Range has been observed to readily consume western toad juveniles (Bufo boreas), a species known to be toxic to most predators (Pearl and Hayes 2002).
Range, Distribution, and Abundance

Columbia spotted frogs range from southeast Alaska, across British Columbia, Alberta, eastern Washington, eastern and central Oregon, Nevada, Idaho, western Montana, and northwestern Wyoming (Fig. 1,2).  Relict or disjunct populations occur at the range periphery in ancient drainages of the Great Basin in Nevada and Utah; northern Nevada drainages of the Snake River; southeastern Oregon, southwestern Idaho, and eastern Wyoming (Reaser and Pilliod 2005).  Northern population Columbia spotted frogs are found at elevations up to 6400 ft (1951 m) in Whatcom, Co., Washington; 8940 ft (2725 m) in the Sawtooth Mountains, Idaho (Pilliod et al. 2002), 9670 ft (2947 m) in Montana (Maxell et al. 2003); and 9480 ft (2890 m) in Yellowstone National Park, Wyoming (Turner 1960). Great Basin population frogs reach 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).

Little information is available on current vs. historic abundance of Columbia spotted frogs. In Wyoming, Patla and Peterson (1999) documented an 80% decrease in a Yellowstone National Park population, from 1000-1900 frogs in the 1950s (Turner 1960) to 200-400 frogs in the 1990s. This decline was likely due to construction of a road that bisected migration corridors and the development of a spring used for overwintering. 

Recent surveys and multiple-year studies provide preliminary evidence of changes in spotted frog abundance and establish baseline data for future comparisons. Across much of the range of the Northern population (northeastern Oregon, northeastern Washington, northern Idaho, Montana, and Wyoming), Columbia spotted frogs are common and locally abundant (see Pilliod and Reaser [2005] for specific locality references).  Spotted frogs are abundant in the Blue and Wallowa mountains of northeastern Oregon, and in the Okanogan Highlands and north Cascade Range in Washington. 

The Great Basin population of Columbia spotted frogs in Nevada, southwestern Idaho and southeastern Oregon is geographically separated from the Northern population in the central mountains of Idaho and northeastern Oregon by the Snake River Plain and adjacent lowlands in eastern Oregon. In Oregon, Columbia spotted frogs range west as far as the Deschutes Basin in central Oregon and the Warner Valley near Lakeview to the south (Oregon Natural Heritage Program data) (Fig. 2). Isolated populations along the southern edge of the frog’s range are patchily distributed, and densities range from high to low. Surveys in the Owyhee Mountains of southwestern Idaho determined that spotted frogs can occur in fairly high numbers but are limited in distribution (Munger et al. 1996, 1997; Engle and Munger 1998).  Although Columbia spotted frogs have a wide distribution in eastern Oregon, recent surveys and preliminary data from long-term monitoring suggest that declines have occurred, and that low elevation populations inhabiting sagebrush-steppe habitats are isolated, small, and particularly vulnerable (Tait, unpubl. data).  Amphibian Research and Monitoring Initiative (ARMI) researchers repeatedly surveyed historically documented sites in the northern Great Basin and estimated that Columbia spotted frogs currently occupy 52.9% (43.5% - 62.3%) of 30 historical sites (Adams 2004).  

In high elevation habitats of central and northeastern Nevada, Columbia spotted frogs were documented to be uncommon but to occur locally at high densities, and in northern Nevada to be more common but at lower densities (Reaser and Pilliod 2005).  In these surveys, frogs were absent at one-half of the historic sites occurring on USFS land, and one-third of historic sites on BLM land; spotted frogs were not detected at 14 of 15 historic sites on private land.  However, because many areas were inventoried for the first time, spotted frogs were documented on 78 sites without previous records.  

In Utah, West Desert populations of Columbia spotted frogs were recorded in all historic sites in abundant numbers but the distribution of frogs along the Wasatch Front had declined (Perkins and Lentsch 1998).   

Population Trends 

Amphibian spatial dynamics appear to closely follow metapopulation models, where a population is divided into a number of subpopulations that exchange migrants and that are subject to local extinctions and recolonizations (Marsh and Trenham 2001).  If the rate of recolonization exceeds the extinction rate in isolated habitat patches, then a discontinuous population may persist over time. However, very small populations are relatively likely to become extinct (Soule 1986; Simberloff 1988) and local populations that reside in remnant habitat fragments, such as is frequently the case for Columbia spotted frogs, are likely to remain small. In the Palouse, spotted frogs breed in low numbers almost exclusively in small, isolated farm ponds, and these populations are vulnerable to local extinction (Davis and Verrell 2005). In contrast, frog populations in mesic habitats in central Idaho (Pilliod et al. 2002), northeastern Oregon (Bull 2005), and Montana (Funk et al. 2005a,b) appear to function as metapopulations with multiple breeding and overwintering sites facilitating dispersal and gene flow. Both deterministic and stochastic (random) factors can affect population growth by decreasing birth rate or increasing mortality, but deterministically driven population declines are more likely to occur in small rather than large populations because (1) potential for recruitment is lower and (2) large populations usually occupy large areas and habitat deterioration may not affect the entire occupied area (Thomas 1994).  

As with many species, amphibian populations are regulated by a variety of intrinsic and extrinsic factors that can create cyclic population fluctuations (Whiteman and Wissinger 2005). Spotted frogs have a typical pond-breeding life history model which is to lay large clutches of eggs, have both aquatic and terrestrial life phases, low early survival rates, and widely dispersing juveniles.  These demographic traits are characterized by high intrinsic rates of increase and population instability. Slight changes in recruitment or mortality can translate into large numbers of individuals gained or lost, and significant population fluctuations.  In spotted frogs, as in some other ranids, the primary factor driving fluctuations in numbers appears to be variation in juvenile recruitment (Turner 1960; Berven 1990). Highly fluctuating populations have high risks of local extinction, which are counteracted by immigration and “rescue” by dispersing individuals within the metapopulations.   Even if a local population is in a protected area, it can nevertheless be driven to extinction if deprived of immigrants through disruption of migration corridors or other interferences to dispersal (Green 2005). 

For spotted frogs, in order to distinguish human-induced (or natural) population declines from cyclic population fluctuations, long-term monitoring is necessary.  Mark and recapture techniques can provide accurate estimates of adult population sizes and will provide information on population dynamics (e.g., birth and death rates, survivorship, migration patterns) (Blaustein et al. 1994; Whiteman and Wissinger 2005). 

Several multiple-year population studies for Columbia spotted frogs have shown year-to-year variability in numbers of individuals.  In Yellowstone National Park, total numbers of transformed frogs declined by about 35% between years one and three of a three-year study (Turner 1960).  In central Nevada, demographics, such as survivorship and recruitment, varied significantly between years over a period of three years (Reaser 2000).  In northeast Oregon, Bull (2005) recorded a two-fold increase in numbers of egg masses (or breeding females) for one year only of an 8-year study, and a ten-fold increase in metamorphs for one year out of eight at a different site.  Fluctuation in numbers of males between years was especially large.  In four years of long-term monitoring on Dry Creek in eastern Oregon, numbers of metamorphs were five times greater in one year than the other years, and adults varied between years by a factor of two (BLM, unpubl. data).  In Utah, numbers of breeding females in Wasatch Front and West Desert populations have been monitored for about 10 years.  Egg mass counts showed generally increasing trends at most sites, but annual fluctuations were evident. For example, at one Wasatch Front population site, numbers of egg masses were 60, 148, 78, 61, and 111 in consecutive years (USFWS 2002).

Demography

The Great Basin population of Columbia spotted frogs in Nevada, southwestern Idaho and southeastern Oregon is geographically separated from the Northern population in the central mountains of Idaho and northeastern Oregon by the Snake River Plain and adjacent lowlands in eastern Oregon. Occupied habitat in the Northern population is typically high elevation lakes within montane conifer forests while Great Basin population frogs occur in stream and pond environments within cold deserts dominated by sagebrush (Green et al. 1996). The Great Basin population is both hydrologically and geographically separated from the West Desert and Wasatch Front populations of Utah. 

Evidence for geographic isolation of the Great Basin population is supported by genetic analyses.  Green et al. ‘s (1996, 1997) original delineation of Columbia spotted frog populations based on allozyme allele frequencies showed that genetic variation was strongly correlated to geography.  Bos and Sites (2001) more closely examined genetic affinities using mitochondrial DNA (mtDNA) sequence variation for frogs sampled from Utah, Nevada, Idaho, Wyoming, Montana, and Oregon.  They found that these frogs clustered into four distinct lineages: two in Utah (the Bonneville and Deep Creek); the Lahontan in Nevada, inclusive of Green et al.’s (1996) Great Basin population; and the Rocky Mountain, roughly equivalent to Green et al.’s (1996) Northern population. They tentatively concluded that, because overall genetic diversity was higher for the Nevada and Rocky Mountain populations, these groups were less likely to suffer from inbreeding or genetic bottlenecks than the Utah (Bonneville) population.  No Great Basin population frogs from southwestern Idaho or eastern Oregon were included in the analysis. It is of interest that the Oregon frogs sampled by Bos and Sites clustered with the Rocky Mountain or Northern population. These frogs originated from a site 33 miles south of Anthony Lakes, OR, the northeast Oregon location included by Green et al. (1996) with the Great Basin population. If the more southerly frogs are truly members of the Northern group, then the northeastern Oregon sites may be more closely aligned with the Northern population than with sites in the Great Basin.   
Spotted frogs of the Great Basin population occur largely as postglacial relicts stranded in increasingly warm and arid environments and persisting at high elevations and desert springs (Green et al. 1996).  Relict populations at the receding edge of a range typically experience genetic isolation and bottlenecking, and are subject to inbreeding and loss of genetic diversity (Slatkin 1993). In addition, geographic isolation or barriers to movement will reduce the ability of frogs to maintain metapopulations through colonization of fragmented habitats or recolonization of sites where local extinctions have occurred (Pilliod et al. 2002; Engle and Munger 2003; Funk et al. 2005b).  
Size and Growth 
Life history characteristics such as growth rates, fecundity, age at maturity, longevity, and mortality rates govern population structure and dynamics. Columbia spotted frogs are explosive breeders with large clutch sizes, though egg number per clutch varies greatly. Size and growth rates at various life stages may be a function of elevation, latitude, seasonal temperature, and food supply. Growth occurs during the active season from spring through fall, and is arrested during winter torpor (Reaser 2000; J. Engle, unpubl. data). Northern population frogs at a high elevation site (8600 ft [2600 m]) in Yellowstone National Park transformed at 16 mm SVL and matured at later ages than lower elevation populations (Turner 1960).  For both sexes growth rates were slow. These high elevation frogs grew approximately 9 mm between transformation and the first year, 10 mm between years one and two, 7 mm between years two and three, 6 mm between years three and four, and 3 mm the fourth year.  Thereafter growth slowed to 1 – 2 mm per year or less. Maximum size for females was about 70 mm, and for males around 60 mm. In the Wasatch Front (el. 4550’), breeding females averaged 70 mm SVL (range 61.6 – 78.6 mm) and mature males were significantly smaller at 49.9 mm SVL (range 47.2 – 64.2 mm) (Morris and Tanner 1969). This sexual dimorphism is due to faster growth rates and delayed reproduction for females, which has been observed in northeastern Oregon Columbia spotted frogs (Bull 2005) and other anurans as a strategy to increase fecundity by increasing body size and, consequently, egg production capacity (Leclair and Laurin 1996; Monnet et al. 2002).
Mean adult sizes and size ranges for Columbia spotted frogs from four Great Basin DPS populations show little variability despite elevational differences (Table 1). In the Owyhee Mountains of southwestern Idaho, recently transformed spotted frogs measured between 23 – 33 mm SVL (Engle 2001). Females in their first year (or second year if year of transformation is considered year one) ranged between 35 – 50 mm SVL and in their second year from 46 – 70 mm.  Early growth for females was rapid; one 40 mm metamorph grew about 28 mm in one year.  Maximum adult size observed for females was 90 mm.  Males were significantly smaller than females with a maximum SVL of 74 mm, and mean growth rates per year were slower for males than for females (Table 2). 
At Dry Creek in eastern Oregon (el. 3920’), newly transformed frogs measured the first week of August averaged 33 mm SVL (range 28 – 38 mm SVL) (J. Engle and BLM, unpubl. data). Mark/recapture data showed that, on average, transformed females grew 17 mm between the spring of their first year and spring of their second year (maximum growth = 25 mm), with the bulk of the growth occurring during summer. One recaptured female grew 16 mm between 6 June and 4 August.  Growth slowed dramatically between year two and year three, averaging 7 mm SVL for five recaptured females.  Female size in the second year ranged between 67 – 73 mm.  In contrast, transformed males grew only 7 mm between the spring of their first year and spring of their second year (n = 5 recaptures). These second year males ranged in size between 54 – 58 mm SVL. No recaptures of older males occurred in this study.  Mean sizes and growth rates for males and females were comparable to those of southeastern Idaho frogs at Sam Noble Springs, a large spring complex 50 miles to the east (Table 2), although maximum recorded sizes were greater at the Idaho site. Lower recapture rates at Dry Creek suggest that high mortality may limit longevity and maximum attainable adult size in this population. 

Sex Ratios

Adult sex ratios were generally biased toward an excess of males at breeding sites and variable ratios at other sites and seasons. Northern population males in central Idaho were predominant at breeding sites and females were relatively more abundant (or readily captured) in foraging habitats later in the summer (Pilliod et al. 2002).  Male frogs in the Palouse of Idaho and Washington also outnumbered females at breeding ponds (Davis and Verrell 2005). Although sex ratios varied among sites and years in northeastern Oregon, males were predominant at breeding sites, with male to female ratios ranging from 1:1 to 2.8 at six sites (Bull 2005). At a breeding pond in southwestern Idaho, Engle and Munger (1998) observed more than twice as many males in April than females (2.7:1). In surveys among six sites within a drainage over one season, they recorded variable sex ratios between sites, but for the drainage as a whole adult females were 1.3 times more abundant than males.  Turner (1960, 1962) examined sex ratios by age class in Wyoming, and found that although the ratio was 1:1 for younger frogs, older females outnumber older males by 3.5 to 1, suggesting a differential survival and higher mortality for males.  

Age at Maturity and Breeding Frequency

Age at sexual maturity varies depending on location and elevation. Northern population frogs at a high elevation site in Yellowstone National Park required five or six years to mature for females and four years for males, likely due to slow growth rates and apparent longevity (Turner 1960). Females at this location bred every two or three years, and males bred annually. 

Great Basin population males in southwestern Idaho were observed to breed at two years of age (the third year after metamorphosis)  and females at three years (four years after metamorphosis) (Engle 2001).  Some females bred in consecutive years but not all adults bred annually. In the study area, for instance, 54 egg masses were counted but twice that number of adult females was present, suggesting that not all females released eggs.  In northeastern Oregon, sexual maturity for males was also reached in the second year (1 year and 9 months) and for females the third year (2 years and 9 months) (Bull 2005). Annual production of eggs appeared to be typical in this population. 
Longevity

In Yellowstone National Park, mark-recapture methods suggested that the oldest male and female Columbia spotted frogs lived to 9 years and 10-12 years, respectively (Turner 1960), which is consistent with maximum ages for frogs obtained by skeletochronolgy at a similar elevation in central Idaho (Reaser and Pilliod 2005). Also using skeletochronology, Bull (2005) found the oldest northeastern Oregon frogs to be 9.7 years for males and 8.7 years for females. Spotted frog females in southeastern Idaho attained an age of at least seven years, with the oldest individual recorded at nine years (Engle 2001). In Nevada Great Basin populations, females lived up to seven years and males to five years, though males older than three years were rare (Reaser 2000).  In general, it appears that female Columbia spotted frogs live longer than males

Survivorship

Few researchers have addressed recruitment, survivorship, and mortality rates for Columbia spotted frogs.  In Nevada populations, Reaser (2000) analyzed demographics in seven Great Basin spotted frog sites, and found that recruitment, survivorship, and mortality rates varied significantly among sites with no consistent pattern. She concluded that population dynamics were complex and driven by localized factors, such as predation, climate, and land use.  In Idaho, Engle and Munger (1998, 2003) found higher female and subadult mortality at a grazed spring complex and suggested that because females and subadults were more wide-ranging than males, they were more vulnerable to temporary loss of movement corridors due to heavy fall grazing.  In Yellowstone National Park, Turner (1960) observed that Northern population frogs were most vulnerable at the larval stage, with almost complete recruitment failure possible in years with insufficient precipitation. In one year of his study, 25,000 eggs were laid, but only 800 larvae survived to near metamorphosis. Thereafter, survival rates were about the same (60%) for all age classes, with light predation pressure on adults at this locality.  For two years of the study, mortality and emigration were approximately offset by recruitment of young.  Recent habitat modifications at this site, including dewatering and road building, have reduced this population by 75% and have likely altered mortality rates and other demographic characteristics (Patla and Peterson 1996, 1999).

Several factors act to limit population growth and persistence in Columbia spotted frogs, but the most significant influence is habitat change or alteration. Because of their aquatic affinities, spotted frog populations are profoundly impacted by habitat dewatering, whether from climatic fluctuations or anthropogenic alterations, especially at hibernacula sites (Pilliod et al. 2002).   Loss of an overwintering site would remove mature frogs from the population and reproductive capacity and resilience would be lost. Population recovery would depend on whether other functional hibernacula were present within the metapopulation and rates of recolonization.  Because of their tendency to be shallower than hibernacula, breeding ponds are more susceptible to desiccation than sites used for overwintering.  Drying up a breeding site would kill eggs and/or larvae, and would temporarily eliminate recruitment, but effects to the population would be short-term as long as the drought duration did not exceed the reproductive life span of mating pairs. Large clutch sizes typical of Columbia spotted frogs could allow rapid population renewal, but an individual female’s reproductive potential would be reduced where breeding is not annual.  Because of natal and breeding site fidelity among adult females, rates of emigration to new breeding ponds would be low. Drought or artificial dewatering would also impact movement corridors and wetland foraging areas; habitat connectivity would be lost, stranding frogs far from overwintering refugia and preventing migration, feeding, and shelter.

Other impacts to habitats and migration corridors that potentially limit population growth in spotted frogs include: surface disturbances such as road construction and urban development; grazing; mining; timber harvest; and introduction of exotic species.  These activities destroy breeding, foraging, and overwintering sites and impair connectivity within metapopulations.  On the other hand, natural pond succession, where open water breeding sites are eliminated by encroaching vegetation, can also cause local extinctions in pond frogs (Sjogren-Gulve 1994); in these cases grazing may be beneficial.  In northeastern Oregon spotted frog populations, oviposition was greater at pond edges that were grazed and had open shallows and reduced vegetation cover (Bull 2005). 

Population growth is also limited by mortality from predators that include passerine and wading birds, snakes, fish, frogs, salamanders, and crayfish (Turner 1960; Figiel and Semlitsch 1991; Reaser and Dexter 1996; Reaser 2000; Engle 2001; Pilliod 2002; Pilliod and Peterson 2001; Barnett and Richardson 2002).  Larvae and young frogs are especially vulnerable, and succumb to birds, aquatic insect larvae, garter snakes, and larger frogs. Intraspecific and interspecific competition can also increase mortality by slowing larval growth, delaying metamorphosis, and decreasing survival rates. 

Habitat

Columbia spotted frogs are highly aquatic and rarely found far from permanent water, but they can also utilize intermittent streams and meadows in spring.  They usually occupy the sunny, vegetated margins of streams, lakes, ponds, spring complexes, and marshes. Substrates are silty or vegetated. In arid areas, frogs utilize the thick algal growth that floats on overflow pools or side channels for basking or cover (Munger et al. 1996; Engle 2001). A correlative study of frog presence and habitat characteristics for Wasatch Front and West Desert populations reported that Utah spotted frogs were less likely to be found in ponds where temperatures increased substantially during summer.  However, spotted frogs were positively associated with emergent vegetation (perhaps linked to cover, oxygenated water, and foraging); and with constant or increasing water levels (Welch and MacMahon 2005).
Columbia spotted frog habitats, which are so dependent on moisture and temperature, would be expected to be more extensive, more connected, and of higher quality in zones of higher precipitation and moderate temperature regimes (Green et al. 1996).  Abundances and status of Northern DPS frogs, which inhabit moist, forested environments, are more secure than populations at the southern edge of the range, i.e. the Wasatch Front, West Desert, and most of the Great Basin.  These far flung groups are subject to arid climates, alkali soils, and wide fluctuations in temperatures, and suitable habitats, such as spring complexes or low gradient streams, comprise a small and unpredictable percentage of the landscape.  Unlike Northern frogs in more mesic environments, migratory movements of frogs in these marginal habitats are confined largely to riparian areas, thereby limiting opportunities for recolonization after local extinctions and restricting gene flow.

During their yearly cycle, Columbia spotted frogs require complementary resources that are spatially and seasonally separated (Pilliod et al. 2002).  Three habitat components are necessary for spotted frogs to complete their life cycles: (1) hibernacula sites protected from freezing, but near suitable breeding areas; (2) shallow, slack water for breeding that maintains adequate water levels to allow egg development and maturation of tadpoles; and (3) foraging areas rich in insects with vegetative protection from predators and some open areas for basking (Engle 2001).   
Overwintering Habitat

Columbia spotted frogs, like many ranids, typically hibernate under water (Middendorf 1957; Morris and Tanner 1969; Pilliod et al. 2002; Bull and Hayes 2002).  Hibernacula can be ponds, slow streams, and spring heads, where water surrounding the frog does not freeze and oxygen levels are adequate. In a careful study of Great Basin spotted frogs in northeastern Oregon, Bull and Hayes (2002) radio-tracked 66 frogs throughout the winter to monitor hibernation behavior, and found that the frogs chose sites and moved about in order to avoid predation, high flows, and freezing and anoxic conditions. In ice-covered ponds where oxygen depletion was the main determinant of survival, frogs moved under the ice away from decomposing vegetation where conditions were anoxic and preferred shallower water with higher oxygen levels. In well-oxygenated stream habitats, most frogs hibernated in burrows or holes under banks and thereby avoided high flow scour and predators. Movement here was minimal.  Wintering frogs also selected areas with higher water temperatures, perhaps to enhance mobility and respiration. 

Other Great Basin population frogs in eastern Oregon and southwestern Idaho were observed to hibernate in shallow (<1 m) spring fed pools (Engle 2001; BLM unpubl. data).  High elevation Northern population spotted frogs in central Idaho overwintered in large, deep lakes (>3 m max depth) with perennially flowing outlets; hibernators likely targeted springs in and around the lake (Pilliod et al. 2002). In Yellowstone National Park, frogs overwintered in perennial ponds, spring seeps, and a small perennial stream (Turner 1960).

Breeding Habitat

The second essential habitat component for spotted frogs is breeding habitat.  Breeding sites include a variety of relatively sunny, shallow (<60 cm), emergent wetlands such as riverine side channels, beaver ponds, springheads, and the wetland fringes of ponds, small lakes, and livestock reservoirs (Svihla 1935; Leonard 2005).  Water levels must persist until eggs are hatched and tadpoles transform. Spotted frogs usually breed in fish-free habitats, or in side channels or pools adjacent to fish-bearing waters. However, frogs can breed where fish are present if sufficient emergent vegetation or algae is available for cover (Reaser and Pilliod 2005).  

Because rate of embryo development is correlated with temperature, females may select warm microhabitats within a pond, such as shallows only a few cm deep along the northeast (south-facing) shoreline (Engle 2001; Tait, pers. obs). In high elevation (> 5900 ft [1800 m]) lakes in northeastern Oregon, oviposition was most likely to occur along shallow north shores with emergent vegetation. Typically, ice melted sooner and water temperatures were warmer in these areas, allowing more rapid egg and larval development (Bull and Marx 2002).  Sedges dominated these higher locations, but breeding sites at lower elevations were dominated by duckweed (Lemna), pondweed (Potamogeton sp.), and buttercup (Ranunculus sp.). Hibernacula may be used for breeding if adequate shallow water habitat for egg incubation is present.  For a Northern population in central Idaho, Pilliod et al. (2002) found that breeding sites were smaller, shallower, and had less emergent vegetation than hibernacula. 

Foraging Habitat

After the breeding season, the third essential habitat component consists of summer foraging habitats, although some individuals stay at breeding sites all year or leave the breeding pond midsummer (Bull and Hayes 2001).  Foraging takes place in all types of permanent or ephemeral wetland habitats, including meadows, stream margins, ponds, ditches, and intermittent habitats; these areas constitute movement corridors between breeding and hibernation sites (Engle 2001; Pilliod et al. 2002; Reaser and Pilliod 2005).  Floating or emergent vegetation is usually present, and basking sites are important. Because frogs are especially vulnerable to predation during summer foraging, some level of overhead plant cover is optimal. Surrounding environments range from moist coniferous forest to arid grass and shrubland.  In arid southwest Idaho and eastern Oregon, spotted frogs were never found outside of moist riparian areas (Engle 2000; J. Engle, unpub. data), but in more mesic northeastern Oregon, central Idaho, and Wyoming habitats, frogs were able to move across upland areas (Turner 1960; Pilliod et al. 2001; Bull 2005)..
Ecological Considerations

Predators

Columbia spotted frogs are vulnerable to various taxa of predators, especially at younger and smaller life history stages.  Wandering garter snakes (Thamnophis elegans vagrans) have been documented as a significant predator throughout much of the frog’s range. In Nevada, garter snakes consumed tadpoles as well as adult frogs ≤ 50 mm SVL and were likely the most significant cause of natural mortality (Reaser and Dexter 1996; Reaser 2000).  Frogs greater than 50 mm, which are the majority of females, escape predation because they are beyond the gape width of the snakes, but the smaller males remain vulnerable throughout their lives.  Because metamorphosing anurans are particularly susceptible to snake predation (Arnold and Wassersug 1978), low survival rates of juvenile spotted frogs may be largely attributable to garter snakes in areas where they are abundant. Bull and Hayes (2000) found that during the time of frog metamorphosis garter snakes were attracted to and more abundant at breeding ponds as food supplies increased. 

Avian predators that prey on adult frogs include a wide variety of species such as herons, sandhill cranes (Grus canadensis) (Engle 2001), northern harriers (Circus cyaneus) (Turner 1960), and ravens (Corvus corax) (Bull 2005). Tadpoles are especially vulnerable to predation by birds, and are eaten by robins (Turdus migratorius), gray jays (Perisoreus canadensis) (Turner 1960), kingfishers (Ceryle alcyon) (Bull 2005), and Clark’s nutcrackers (Nucifuga columbiana) (Pilliod 2002).  Mammals that may prey on spotted frogs include mink (Mustela vison), river otters (Lutra canadensis) (Bull 2005), and coyotes (Canis latrans) (Hovingh 1993).

Various native fishes consume spotted frogs (e.g. rainbow trout, cutthroat trout, longnose dace), but frogs are especially impacted by introduced fishes (Hayes and Jennings 1986; Reaser and Pilliod 2005).  Eastern brook trout, rainbow trout, and cutthroat trout stocked in historically fishless montane lakes create sink habitats where juvenile recruitment insufficiently compensates for adult mortality (Pilliod and Peterson 2001). See Conservation Threats, Introduced Species, for more information on fish predation.

Embryonic and larval spotted frogs are at risk from predation by invertebrates.  Leeches, dyticid beetle larvae, and crane fly larvae may consume embryos (Licht 1969; Hovingh 1993); leeches destroyed all spotted frog embryos for three consecutive years at a breeding pond in northeastern Oregon (Bull 2005). Belastomatid water bugs, dragonfly larvae, and dytiscid beetle larvae prey on tadpoles (Turner 1960; Barnett and Richardson 2002; Bull 2005). Crayfish (e.g., Procambarus sp., Orconectes sp.) are capable of preying on amphibian eggs, larvae, and juveniles (Figiel and Semlitsch 1991) and have been shown to impact populations of California newts (Gamradt et al.1997).  Where high densities of crayfish co-occurred with juvenile Columbia spotted frogs in a isolated pool in eastern Oregon, frequency of missing frog feet and limbs appeared higher than in frogs in adjacent habitats where crayfish presence was not apparent (Tait, pers. obs)

Competition

Columbia spotted frogs occur naturally in habitats that support a wide variety of native species, such as other amphibians (e.g., Pacific treefrogs (Pseudacris regilla), long-toed salamanders (Ambystoma macrodactylum), western toads, and fishes (suckers (Catostomus sp.), redside shiners (Richardsonianus balteatus), dace (Rhinichthys sp., and trout (Oncorhyncus spp.)).  There is little evidence that these native species have direct negative effects on spotted frog distribution or abundance. However, some studies suggest that the presence of other native ranids, such as northern leopard frogs (R. pipiens) and red-legged frogs (R. aurora) may induce a differential mortality through some competitive mechanism with Columbia and Oregon spotted frogs (Dumas 1964; Barnett and Richardson 2002). 

Intraspecific competition in spotted frogs is most likely to occur among larvae where density-dependent competition for food is increased by seasonal desiccation and shrinking of breeding habitats.  In an artificial pond experiment with Oregon spotted frogs, tadpoles in high density treatments took approximately two weeks longer to metamorphose and had a lower survival rate than those in low density treatments (Barnett and Richardson 2002).  Once frogs transform, dispersal and migration patterns allow utilization of alternate habitats and foraging areas, and reduces competition for food and cover.  Although Columbia spotted frogs are not known to defend territories or breeding sites, males may participate in “scrambling” behavior for females during the breeding season and may vie for call sites near communal oviposition areas (Davis and Verrell 2005).

Pathogens

Chytridiomycosis is a disease caused by the chytrid fungus Batrachochytrium dendrobatidis, first described in 1998 from dying frogs in Panama and Australia.  This fungus grows in the keratinized epidermal cells and keratinized larval mouthparts of amphibians.  Infected larvae are typically asymptomatic except for abnormally formed or pigmented mouthparts, but mortality increases after metamorphosis (Fellers et al. 2001).  In transformed individuals, clinical signs of chytridiomycosis include abnormal posture, lethargy, and loss of righting reflex, as well as abnormal skin sloughing, and hemorrhages in the skin, muscles, or eye (Daszak et al. 1999).  Most amphibian declines associated with chytridiomycosis have occurred at high elevations and low temperatures (e.g., montane tropics, Sierra Nevadas, Rocky Mountains).

Some widely introduced amphibians, such as Xenopus laevis, bullfrogs, and cane toads (Bufo marinus), carry B. dendrobatidis but are immune to it, suggesting that anthropogenic introduction is involved with the emergence or spread of the disease.  Bullfrogs are of particular concern, as they have been introduced in much of the west within the range of Columbia spotted frogs, and can be asymptomatic in both the larval and adult stages.  Bullfrogs are likely to be effective reservoirs of chytridiomycosis and potentially spread the disease to native amphibians.  

Chytridiomycosis has been identified in Columbia spotted frogs in the Owyhee Mountains of Idaho, in four breeding sites in northeastern Oregon (Bull 2005), in Dry Creek of eastern Oregon, and in a Wasatch Front population in Utah (Reaser and Pilliod 2005), but these disease occurrences have not resulted in detectable population declines. Chytrid has not been found in Nevada populations of Columbia spotted frogs. Infected bullfrog larvae and adults have been found in Oregon and California (ARMI data).

Other fungal diseases, not necessarily chytrid, infect Columbia spotted frogs. In northeastern Oregon, about 20% of the frogs at one site had a fungal brush-border on eyelids, poor skin integrity of the feet causing spontaneous bleeding upon handling, and flaccid skin. These symptoms were only detected in spring and may have resulted from stress and lowered resistance to fungal establishment caused by low oxygen levels in overwintering habitats (Bull 2005).  Saprolegnia ferax, a water mold, has been associated with embryonic die-offs of Cascade frog (R. cascadae) and western toad  populations in the Cascade Mountains of Oregon, and Saprolegnia appears to be especially virulent in communal egg-layers (Kiesecker and Blaustein 1997). Because one of the main vectors of S. ferax seems to be introduced hatchery fishes, stocking of hatchery fishes into amphibian habitats may spread the pathogen artificially (Kiesecker et al. 2001). Although, mold growth on eggs and embryonic mortality have been observed, the extent of the impacts of Saprolegnia on Columbia spotted frog populations is unknown.  

Parasites

Bull (2005) reported the presence of a nematode parasite Ribeiroia ondatrae in larval Columbia spotted frogs at one site in northeastern Oregon. Larvae of this parasite infect amphibians around the base of hind limbs and can cause severe limb deformations, such as extra or missing limbs (Johnson et al. 2002).  Secondary hosts for Ribeiroia are fish and the snail Planorbella. Artificial habitats that are nutrient rich and highly productive, such as farm ponds and livestock reservoirs, facilitate high densities of the snail host and create environments conducive to infecting amphibians (Johnson et al. 2002).

Trematodes, or flukes, require mollusks, particularly aquatic snails, as intermediate hosts and commonly infest aquatic amphibians. Several trematode species have been reported as parasites of Columbia spotted frogs (Reaser and Pilliod 2005) and live within site-specific areas on their host.  Halipegus generally lives under the tongue or in eustachian tubes while Haematoloechus are strictly lung parasites, and both these genera rely on frog predation of a secondary intermediate host (dragonfly and damselfly nymphs) to complete their life cycles (Goater et al. 1990).  Gorgoderina are found in the urinary bladder of frogs.  

Leeches may be direct predators of amphibian embryos (see above) or temporary ectoparasites spending relatively short periods taking a blood meal from the host.  Columbia spotted frogs captured in southwestern Idaho frequently had attached leeches (Engle 2001), and leeches were also recorded on spotted frogs in Utah (Reaser and Pilliod 2005). Leeches were not observed on frogs in a multiple-year study at Dry Creek in eastern Oregon (J. Engle, unpubl. data). 

Conservation 
Threats to Species
Habitat Alteration and Loss of Habitat Connectivity
Habitat loss and alteration are the best documented causes of amphibian decline (Alford and Richards1999).  Sunny pools of variable depth, springs, moist foraging areas, and secure hibernacula are critical habitat components for persistence of Columbia spotted frogs, and any random event or land-use activity that threatens these landscape elements or interferes with access poses a risk to Columbia spotted frog populations (Reaser and Pilliod 2005). 

Draining wetlands and dewatering springs directly affects frog populations by eliminating breeding sites and fragmenting metapopulations (Alford and Richards 1999).  In the Palouse bioregion of eastern Washington, 97% of the wetlands have been converted to cropland or pasture, and Columbia spotted frog populations are limited to isolated, artificial farm ponds where they are vulnerable to agrochemicals and loss of gene flow (Davis and Verrell 2005).  In Yellowstone National Park, Columbia spotted frog numbers were drastically reduced by development of springs, housing construction, and pasture use (Turner 1960; Patla and Peterson 1999). In the Great Basin, degradation and fragmentation of Columbia spotted frog habitat is likely due to the combined impacts of water diversion, livestock grazing, agricultural development, urbanization, and mining. These activities eliminate vegetation necessary to protect frogs from predation; reduce soil moisture and alter hydrologic regimes; and create undesirable changes in water temperature and chemistry.  

Water diversion is arguably the most serious threat to Columbia spotted frog habitat in desert areas of the Great Basin where many springs have been developed. Out of 505 springs surveyed in northern Nevada, 60% had been modified by diversion (Sada and Vinyard 2002).  Most often, spring development involves excavating a box into the spring source and piping water to troughs, pipelines, or impoundments. While impoundments can serve as habitat for frogs, the diversion can also cause a loss of riparian habitats and associated wetlands and concentrate frogs in densities subject to disease and predation (Engle 2001). At Castro Spring, a small basin in eastern Oregon, spring developments with accompanying pipelines and impoundments dewatered much of a historic wetland, destroying the connectivity within what was once an extensive Columbia spotted frog metapopulation (Tait, pers. obs.). 

Livestock Grazing

Livestock grazing has been shown to have 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 downcutting, and reduces filtration of sediment necessary for the buildup and maintenance of streambanks, wet meadows, and floodplains (Chaney et al. 1993).  The magnitude and nature of grazing’s influence on Columbia spotted frogs has not yet been determined. Livestock have been observed to cause direct injury or mortality by trampling spotted frogs and eggs and to impact spotted frog movement by defoliating and dewatering migration corridors and collapsing banks along ponds used for overwintering sites (Ross et al. 1999; Engle 2001). 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. Also in the Owyhee Mountains, Howard and Munger (2003) attempted to determine the effects of livestock grazing on tadpole survival and on the invertebrate prey base of adult frogs, but poor experimental design rendered results inconclusive. 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. Results obtained in the mesic, forested frog habitats of this study are not necessarily applicable to other spotted frog habitats, such as Great Basin deserts and sagebrush-steppe. 

In some 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, raising water temperatures that would benefit 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 on all life history stages. 
Timber Management
Activities associated with timber management, such as harvest, insect spraying, and prescribed fire, are unlikely to seriously impact Columbia spotted frogs (Bull and Wales 2001) if best management practices are followed. In most situations, timber harvest activities must leave unharvested buffer strips around riparian areas and, where trees are removed adjacent to breeding habitats, the increased solar radiation allows warmer water temperatures for development. 

Fire and Fire suppression actions
Wildland and prescribed fire may affect spotted frogs directly through mortality or indirectly from habitat alteration.  Pilliod et al. (2003) reviewed studies that focused on the effects of wildland and prescribed fire and associated management practices on the aquatic habitats of amphibians in North America, and the following discussion is derived from their work. For most amphibians in the terrestrial stage, direct mortality during fire may be of relatively minor importance because of their ability to find refuge underground or in moist sites. However, some fires may move too quickly for frogs to reach safety. Because most wildland fires occur in summer or fall, transformed spotted frogs may be foraging in shallow, wet meadows or moving along migration corridors when fires occur, and would be stranded several meters away from deep-water refuges. Mortality of aquatic stages, such as eggs and tadpoles, may be relatively insignificant, especially if fires occur later in the season. However, thermal stress and rapid changes in water chemistry may kill aquatic stages.  Prescribed fires, which are usually initiated in the cooler weather of early spring or late fall, may overtake spotted frogs during their migrations to breeding or overwintering sites and damage their movement corridors.

Frog populations may be indirectly affected by fires when their habitats are altered. As mentioned above, fire can remove vegetation cover and desiccate migration corridors, but loss of woody or herbaceous riparian canopy around pond habitats could be beneficial.  Vegetation removal sustains open surface water, increases solar radiation and water temperatures, accelerates egg and larval development, provides basking areas, and warms overwintering sites. Although sedimentation from post-fire runoff may have severe impacts on stream amphibians, the effects of increased sedimentation on pond-breeders may be inconsequential as long as adequate water depths are retained. Negative impacts of nutrient loading, which typically increases after fire from soluble reactive phosphorus, ammonium, nitrate, and nitrite, on amphibians is unclear, but these nutrients can increase algal production in ponds and contribute to faster tadpole growth and earlier metamorphosis at larger sizes. For transformed frogs, fires may temporarily reduce availability of invertebrate prey and affect growth and survival.

Some fire-suppression actions, such as the application of fire-control chemicals, may impact amphibian populations.  The chemicals used in aerial fire control fall into two classes: fire-suppressant foams, which are detergent-based wetting and foaming agents, and long term fire-retardants, which contain fertilizer salts such as ammonium (Backer et al. 2004). In wildland forest and range fires, hundreds of tons of these chemicals may be dropped from tankers to slow the fire spread. Although foam suppressants can be toxic to fish due to the action of the surfactant on the ability of gills to absorb oxygen, fire retardants may be more harmful.  If dropped into water, the fire retardant chemicals form ammonium compounds considered to be of low to moderate toxicity to aquatic organisms (Little and Calfee 2002).  However, retardant preparations that contain sodium ferrocyanide (yellow prussiate of soda, or YPS) can be far more toxic, especially when exposed to ultraviolet radiation which causes YPS to release cyanide. Studies with southern leopard frog tadpoles showed that mortality upon exposure to retardants with YPS was twice the mortality that occurred with retardant that lacked YPS.  However, in the presence of UV, mortalities increased by 300% (Little and Calfee 2002).

Current interagency standards for fire suppression using chemicals require avoidance of foam or retardant application within 300 feet of waterways, including rivers, seeps, intermittent streams, and ponds (NIFC 2005). Unfortunately, accidental contamination of waterbodies from aerial drops does occur (Pilliod et al. 2003; Tait, pers. obs.), 

and would potentially have the greatest impact on small, isolated spotted frog populations such as those that inhabit sagebrush-steppe areas. In Oregon, fish kills were documented in the South Fork John Day River (1995), in Hideaway Creek (1996), and in the North Fork John Day River (1997) after these streams or their tributaries were accidentally treated with a fire retardant during fire control operations (Buhl and Hamilton 2000). Acknowledging the especially high toxicity for aquatic organisms of retardants that contain YPS, federal wildland firefighting agencies will no longer use retardants containing YPS for 2005 and beyond (NIFC 2005), although there may be a time lag before this injunction is fully implemented.

Vehicular traffic
Vehicular traffic and the linear and continuous nature of roads can be a significant physical barrier to the movement of amphibians and a source of mortality (Carr and Fahrig 2001). Little information is available on the effect of roads on Columbia spotted frog populations, although in Yellowstone National Park, construction of a highway contributed to the decline of Turner’s (1959, 1960) well-studied spotted frog population (Patla and Peterson 1999). The road was built in the 1970s and bisected movement corridors between a breeding pond and summer foraging area and a stream used for overwintering.  Based on mark-recapture studies, the population declined 78% between the 1950s and the 1990s. Although a small number of frogs continued to cross the road way at the historic location, the mass migrations observed in the 1950s no longer occurred, and the 1990s population was restricted to one side of the highway. Significantly, the full effect of the road on this population was not immediately obvious; breeding did not cease at the roadside pond until 20 years after road construction. 

Deleterious effects of roads have been established, however, for many other ranid species.  Fahrig et al. (1995) studied several anuran populations under different traffic volumes, and concluded that road mortality had significant negative effects on the density of local populations. In Ontario, Canada, over two years, 27,328 northern leopard frogs were found as roadkill along a 3.6 km causeway adjacent to a wetland (Ashley and Robinson 1996).   In Europe, road traffic was estimated to have decreased the adult populations of two ranid species in ponds adjacent to roads by 11% to 21% in one year (Hels and Buchwald 2001).  Frog species with greater dispersal or movement capabilities may be more prone to traffic mortality than more sedentary species. For example, a study comparing road mortalities of leopard frogs, a vagile species, to green frogs, a relatively less far-ranging species, suggested that impacts were greater to leopard frogs, though the relationship was only correlational (Carr and Fahrig 2001).  

The most important factors in determining an amphibian’s vulnerability to road mortality are (1) the speed that the animal travels, (2) its diurnal movement patterns, and (3) the diurnal traffic patterns (Hels and Buchwald 2001).  The most vulnerable species are likely to be slow-moving and traveling during the day, when traffic is usually heaviest. Spotted frogs are slow, weak leapers, and will travel to breeding sites during day or night. Consequently, they would be heavily impacted by any busy road that crosses movement corridors between overwintering and breeding ponds, and to a lesser extent, roads that bisect access to foraging and dispersing habitats. 

Other than causing direct mortality through traffic kill, roads can also have indirect effects on amphibians by inhibiting movement, altering behavior patterns, and introducing pollutants.  Road avoidance, where a road becomes a barrier because an organism is genetically or behaviorally incapable of crossing, has been documented in amphibians, especially salamanders (Jochimsen et al. 2004). However, anurans may be less inhibited. One study in Maine showed that movements of dispersing wood frogs (R. sylvatica) were unaffected by a wide forest road (deMaynadier and Hunter 2000). Roads may actually attract frogs by blocking drainage and providing sites for breeding or hydration in standing water of ditches and deep ruts. However, successful egg and larval development is less likely in these temporary sites and the proximity of traffic reduces probability of survival (Jochimsen et al. 2004).  

Contaminants

A wide array of contaminants may affect amphibian populations. Herbicides and insecticides have the potential to not only impact amphibians directly but also to dramatically change natural aquatic communities (Relyea 2005).  Many studies have addressed the toxic effects of four major pesticides which are directly or inadvertently applied to aquatic systems:  carbaryl (Sevin) and malathion, both insecticides; and the herbicides 2,4-D and glyphosate (Roundup, Rodeo). In the United States, carbaryl is applied to rangelands, forests, oceans, homes, gardens, and crops (National Pesticide Use Database) and has a half-life of up to 4 years. Malathion, with a half-life of up to 26 days, is applied to croplands and is the preferred insecticide for combating mosquitoes that carry West Nile virus. Glyphosate (half-life ≤ 70 days) is the second most commonly applied herbicide in the US and treats homes, gardens, crops, forests, and wetlands. Finally, the herbicide 2,4-D (half-life >50 days) is used widely in agriculture and home use.  All of these pesticides are currently used by land management agencies, although their use in specific regions or states is limited or restricted to explicit application standards. In recent years, both the BLM and the Forest Service have become more conservative in the volume of pesticides used and in application techniques. See, for example, USDA Forest Service Pacific Northwest Region Invasive Plant Program Record of Decision (2005) or BLM's Vegetation Treatments using Herbicides in 17 Western States Draft Programmatic EIS (2005). 
Toxicity studies on Columbia spotted frogs specifically are few, but considerable information is available for other ranids. Bridges and Semlitsch (2000) exposed tadpoles of nine ranid species to high dosages of carbaryl, which is generally of low toxicity to vertebrates, to determine relative tolerances among species to chemical stressors.  Two western frogs, the red-legged frog and the Oregon spotted frog, the Columbia spotted frog’s sister species, demonstrated significantly higher tolerance to the herbicide than the other ranids tested. Bridges and Semlitsch (2000) were at a loss to explain this result, but suggested that the western frogs may be adapted to locally harsh environments and were thus more tolerant. Relyea (2005) tested wood and leopard frog tadpoles on concentrations of carbaryl and malathion designed to simulate an overspray of a wetland at recommended application rates, and observed minor negative impacts on tadpole survival. Although these insecticides would be lethal at high concentrations (>5 mg/l), the recommended dosages actually increased tadpole survival by reducing the biomass of predaceous insects (Relyea 2005).

The herbicide Roundup, in contrast, has proven extremely toxic to amphibians. At manufacturer’s recommended concentrations, Roundup has resulted in almost complete tadpole mortality in many studies, and thus current application rates can be highly lethal to many frog species (Mann and Bidwell, 1999; Relya 2005). Roundup is actually a combination of the active ingredient, glyphosate, and a surfactant (polyethoxylated tallowamine, or POEA) that helps it penetrate leaves, and these studies suggest that it is the surfactant that is associated with high frog mortality. Howe et al. (2004) found that POEA alone or contained within various Roundup formulations consistently caused significantly greater mortality or trauma to green, leopard, and wood frog tadpoles than surfactant-free compounds. POEA has also been implicated as an endocrine disrupting compound capable of affecting gonadal differentiation. In leopard frog tadpoles chronically exposed to low, environmentally relevant levels of POEA, growth rates and size at maturity were reduced and gonadal abnormalities increased (Howe et al. 2004).   Rodeo, a glyphosate herbicide that lacks POEA, was far less toxic. The herbicide 2,4-D at recommended concentrations has few effects on aquatic species, including fish, insects, and frogs (Relyea 2005).

Many other pesticides and agricultural fertilizers, including chemicals used to control aquatic vegetation in irrigation waterways, impact amphibians, and, most likely, spotted frogs. The highly aquatic leopard frog has declined in eastern Washington and along the Snake River in Idaho (Leonard and McCallister 1996; Makela 1998). Local Idaho residents attested to frog die-offs following the implementation of chemical vegetation control (rather than mechanical cleaning) for irrigation ditches in the 1960s (Makela 1998).  Current use of these chemicals, which include xylene, acrolein, and copper sulfate, likely limit the distribution of frogs inhabiting agricultural areas.  Land management agencies are not likely to be concerned with vegetation control in irrigation ditches.  
Mining

The effects of mining on Columbia spotted frogs, specifically, have not been addressed, although any action that disturbs or fragments wetland habitats would have adverse effects. Heavy metals released as mine effluent into aquatic environments have been found to be toxic to Columbia spotted frogs, especially when multiple metals, such as lead, zinc, and cadmium, occur together (Lefcort et al.1998). At sub-lethal doses, heavy metals can delay metamorphosis and impair the predator response in tadpoles. Conversely, mining may be beneficial when landscape alterations create dredge or settling ponds that later are suitable frog habitat (Bull 2005). Although land management agencies are only peripherally involved in mining actions, they typically prescribe impact mitigating measures and oversee abandoned mine cleanup and restoration.
Introduced Species

Non-native species often have negative effects on amphibians because native amphibians did not evolve with the aliens and lack the adaptations necessary to avoid population decline (Kats and Ferrer 2003).  Non-native species harm amphibians through predation, competition, and as vectors of disease. 

Alien predators are spread to new locations both accidentally and intentionally, with importation of game fishes having the most widespread impact on amphibians. In western North America, native fishes are primarily riverine and it is assumed that most ponds, including those suitable for anuran habitats, were historically fishless. For example, >95% of 16,000 western montane lakes originally lacked fish (Bahls 1992). Trout planted in historically fishless lakes greatly reduce native ranid populations as well as those of aquatic invertebrates (Knapp et al. 2001).  Pilliod and Peterson (2001) found that the presence of introduced trout in deep lakes in high elevation Idaho basins eliminated these sites as high-quality overwintering habitat for Columbia spotted frogs. Sixty-seven percent of all ponds ≥ 2 m deep and suitable for frog overwintering were occupied by trout; these ponds effectively functioned as “sink” habitats where juvenile recruitment was insufficient to compensate for mortality from predation. Columbia spotted frog populations were declining across the basins. 
Introduced warm water fishes, especially bass (Micropterus spp.), may have a greater impact on spotted frogs than trout. Bass are voracious carnivores known to prey on larval and adult amphibians. In an eastern Washington study comparing amphibian densities in ponds that either contained native trout, nonnative warmwater fishes, or were fishless, Columbia spotted frog abundance was greater in the native trout and fishless ponds than in the bass ponds, but differences were not significant (Aker 1998). Aside from the direct effects of predation on frog eggs, larvae, and small adults, introduced fishes carry pathogens such as Saprolegnia and can be an important vector for diseases responsible for amphibian losses (Kiesecker et al. 2001). 

Bullfrogs, native to eastern North America, have also been intentionally introduced to the west, and many reports describe a negative relationship between the distribution of bullfrogs and native western ranids (Nussbaum et al. 1983; Hayes and Jennings 1986; Bury and Whelan 1984; Kats and Ferrer 2003).  Bullfrog tadpoles have been observed to prey on smaller tadpoles, such as those of the red-legged frog, as well as out-compete them for food and displace them from the warmer, shallower water that provides optimal conditions for growth (Keisecker and Blaustein 1998; Lawler et al. 1999). Bullfrogs are also likely to be vectors of chytridiomycosis and potentially spread the disease to native amphibians (see Pathogens, above).There is evidence that when both bullfrogs and warmwater exotic fishes are present, their combined interactions produce indirect effects that increase native ranid mortality.  For example, displacement of red-legged tadpoles into deeper water by the presence of bullfrog tadpoles increased their vulnerability to smallmouth bass predation (Lawler et al. 1999). 

Land management agencies traditionally manage habitats and State fish and wildlife agencies manage populations. Therefore, control of invasive aquatic species is usually administered by the State(s). Federal biologists typically document the need for invasive species control, target management to areas of greatest concern, and participate in the control process.
Conservation Status

The Columbia spotted frog is among the many species of amphibians in the west experiencing declines, but little information is available on its current vs. historic abundance across its range (see Range, Distribution, and Abundance).  The Northern population, which inhabits moist, forested environments, appears to be common and locally abundant. Within the Great Basin population, spotted frogs in more mesic environments in northeast Oregon appear more secure than those in isolated populations along the southern edge of the species’ range, where habitats are patchily distributed and densities range from high to low. Data from historic occurrences, long-term monitoring, and Amphibian Research and Monitoring Initiative (ARMI) studies (Adams 2004) suggest that declines have occurred, and that low elevation populations inhabiting sagebrush-steppe habitats are isolated, small, and particularly vulnerable. 

Because Columbia spotted frogs are highly aquatic and require a variety of habitats to complete their life cycle (e.g. shallow ponds, secure hibernacula, dispersal areas), they are vulnerable to any activities that impact a link in the habitat chain. Loss of an overwintering site from high flows, dewatering, or chemical spill would remove mature frogs from the population and reproductive capacity and resilience would be lost. Drying of a shallow breeding pond, whether through drought, anthropogenic alterations, or vegetation encroachment, would eliminate recruitment.  Drought, artificial dewatering, overgrazing, or road construction can disconnect movement corridors, stranding frogs far from overwintering refugia and preventing feeding and dispersal.  The vagaries of environmental stochasticity are especially significant for small, isolated populations in sagebrush-steppe where recolonization is unlikely.

In Oregon, over 90% of known, currently occupied Columbia spotted frog sites occur on public land (i.e., BLM, USFS, USFWS, State Department of Lands) (Fig. 2), but there is little doubt that the distribution of the species is extensive but unrecorded on private lands inaccessible to researchers. In many cases, management on private land provides habitat superior to that on adjacent public land. For example, in the Jordan Valley area of eastern Oregon, frog abundance is greater on irrigated hay meadows than on neighboring BLM rangeland where stream channels are intermittent. In other instances, public land management affords higher levels of protection and security to frog populations than private ownership. Homestead claims often included springs for irrigation and house water, and consequently spring complexes suitable for spotted frogs likely occur with greater frequency on private land than public. 

Those sites that do occur on public land are managed for a variety of uses. For example, in a Joint Aquatic and Terrestrial Programmatic Biological Assessment (2003) for lands within the Deschutes Basin administered by BLM (Prineville District), the Deschutes National Forest (NF), Ochoco NF, and the Crooked River National Grassland, actions that potentially impact Columbia spotted frogs include silviculture, roads, livestock grazing, mineral extraction, commercial timber sales, special forest products, recreation, fire, special use permits, and noxious weed abatement. Certain uses, such as grazing, may continue to occur on public land even in areas with special protections, such as Wilderness, Wilderness Study Areas, Areas of Critical Environmental Concern (ACEC)/ Research Natural Areas, and Wild and Scenic Rivers. 

However, most federal land management agencies in Oregon have implemented at least some protective measures for Columbia spotted frogs. Where spotted frogs occur in the Deschutes Basin, the USFS/BLM policy is to prevent degradation or fragmentation of wetland habitats caused by management activities such as water diversions, road construction, maintenance, or recreational facilities expansion. Use of pesticides, herbicides, and similar potential contaminants are prohibited in and immediately adjacent to wetland habitat.  Standards for grazing and bank stability in stream and wet meadows (e.g., retention of a minimum of 6-inch residual stubble heights for sedges and rushes; a maximum of 10% bank alteration from livestock trampling) are of the same rigor as those standards adopted for Threatened species such as bull trout and Chinook salmon. Although timing of activities within the channel migration zone or 100-year floodplain are restricted to avoid frog egg laying/hatching periods (March 1 to May 31), this restriction does not include grazing, which frequently is prescribed in spring for riparian areas.  Careful research is needed to determine how spring grazing that adheres to strict use standards influences spotted frogs.

The Burns and Vale districts of BLM have addressed Columbia spotted frogs in their land use plans and generally assume that objectives and prescriptions designed to protect and restore riparian and wetland habitats will similarly benefit spotted frogs. Riparian areas where spotted frogs occur receive priority application of management actions. Most spotted frog habitats in both districts are grazed to some extent. Vale District (except Baker Resource Area) applies the Riparian Management Objectives from INFISH (USDA/USDI 1995b) to all riparian areas, including wetlands, without regard to the presence or absence of fish.  On the Vale District two ACECs totaling 17,892 acres (Dry Creek Gorge; North Fork Malheur River) were created in 2002 with Columbia spotted frog habitat as part of the criteria for establishment (USDI BLM 2002). Although the areas were withdrawn from locatable minerals activities and closed to minerals materials activities, livestock grazing can continue as long as permitted use levels “maintain or enhance the relevant and important values identified.” Currently (in 2006) the BLM is evaluating existing livestock use in these ACECs and will adjust grazing (through fencing, reduction in livestock numbers, and/or changes in grazing season) where adverse impacts to spotted frog habitat are identified.  Again, guidance based on experimental research is needed concerning the grazing levels (if any) that are appropriate in spotted frog habitat.
Other areas are less specific in their management of Columbia spotted frog habitat. Baker Resource Area in the northern portion of Vale District operates under an older land use plan that does not address Columbia spotted frogs specifically, but mandates the avoidance of management actions which adversely impact crucial habitats (USDI BLM 1989). The Plan also calls for monitoring condition, trend, and habitat requirements for all Candidate species. The Malheur, Umatilla, and Wallowa-Whitman National Forests land use plans were completed in 1990.  Currently (as of 2005) these forests are combining and revising their Forest Plans to address the substantial resource and social changes on the three forests as well as new scientific information. The old plans did not address Columbia spotted frogs.  These forests adhere, however, to PACFISH (USDA/USDI 1995a) and INFISH (USDA/USDI 1995b) strategies, which provide management direction to slow degradation of and begin restoration of aquatic and riparian ecosystems in watersheds with anadromous and resident fish, and include protections for non-fish bearing habitats where frogs often occur.  The USFS has supported extensive Columbia spotted frog research in northeast Oregon. Evelyn Bull and her colleagues at the LaGrande Forestry and Range Sciences Laboratory have published several studies on the ecology of the frog, including aspects of life history, movement patterns, habitat use, and effects of grazing, which will contribute to prudent and timely management decisions (see Bull 2005).

At least three populations of Columbia spotted frogs occur on State lands in Oregon.  Currently, Oregon Department of Fish and Wildlife ranks the frog as “Undetermined Status” and does not apply specific protections, but Oregon Department of Fish and Wildlife has drafted a Comprehensive Wildlife Conservation Strategy (http://www.dfw.state.or.us/CWCS) that includes Columbia spotted frogs as a “strategy species”, those species that are “low and declining” and that “are indicative of the diversity and health of wildlife of the state.” The State’s goal is to work cooperatively with landowners and other conservation partners to develop and implement proactive strategies for preventing decline of species and habitats.  The Strategy is a completely voluntary, non-regulatory statewide approach to species and habitat conservation in Oregon. Although promoting a collaborative approach, the Strategy will not have enforcement or restrictive capabilities. 
There is strong evidence that management actions have provided positive conservation outcomes in some Columbia spotted frog populations.  In Utah, where spotted frog populations along the Provo River were threatened by loss of habitat due to urban development and water withdrawal, the Utah Reclamation Mitigation and Conservation Commission created about 70 new wetlands along a 3 km (1.8 mi) reach (USFWS 2002). By 2002, spotted frogs had colonized more than 40 of the newly created sites, and breeding occurred in 15. Since 1999, spotted frog breeding in the new sites comprised 10 percent of the total egg mass production in this population. In addition, Utah Division of Wildlife Resources successfully introduced egg masses to the new wetlands, resulting in hatching and development to adults, and concluded that repatriation of egg masses may be a viable means of expanding spotted frog populations in this and other areas. 

Known Management Approaches 

In the past decade, a concerted effort by many biologists has increased our understanding of Columbia spotted frog ecology, distribution, and status, and has led to development of management and monitoring plans (for example, Perkins and Lentsch 1998; James 1998; CSFTT 2003). Because of the relatively recent implementation of management changes it is difficult to distinguish potential responses of frog numbers to management from natural population fluctuation.  However, some habitat restoration projects show promising results.

Wetland Mitigation

In Utah, an interagency team promoted vigorous conservation measures to benefit the Wasatch Front population of spotted frogs which led to its delisting in 1998 (USFWS 1998).  Measures taken included habitat acquisition, purchase of water rights, fencing of springs and reduction of livestock, beaver protection, construction of new ponds in the Provo River floodplain, and translocation of frogs (USFWS 2002).  Aside from the obvious benefit of acquiring habitat and protecting it from development, the design and creation of wetlands based on best available information concerning spotted frog habitat requirements has demonstrated significant results.  Within 5 years of construction, 90% of the new sites had been colonized by spotted frogs and used for breeding. Documented egg mass production in this population has increased by an average of 45% annually since wetland construction, with a high count of 550 masses in 2002.
In addition, Columbia spotted frogs were translocated and/or repatriated into the artificial wetlands on the Provo River beginning in 1999 (USFWS 2002) (see Management Considerations for a discussion of population manipulations).  Initially, adults were relocated, but recapture rates were low, indicating that moving adult frogs may not be a viable means of expanding populations. However, in 2000, 36 spotted frog egg masses were repatriated into unoccupied wetlands approximately 4.8 km (3 mi) from the nearest occupied frog site. These eggs produced a reproductive population within two years. 
Beaver Reintroduction

Beavers create open, lentic areas in riparian zones that provide important habitat components for Columbia spotted frogs. Beaver eradication and associated destruction of beaver-created ponds and wetlands have degraded and reduced spotted frog habitat in some locations (USFWS 2002, 2005). In Utah, where beavers were not restricted or controlled along the Provo River, beaver activity created an additional 20 to 40 wetlands, some of which were rapidly colonized by spotted frogs.
Grazing Reduction

Many land management agency jurisdictions (principally within BLM and USFS) have locally reduced or discontinued livestock grazing in Columbia spotted frog habitats in order to improve riparian condition and benefit frog populations. While these actions undoubtedly improve riparian health and concomitant water storage and quality, there is as yet no clear, quantitative relationship between optimum grazing levels and frog population status. 

Exotic Species Removal 

Although negative impacts of exotic species on Columbia spotted frogs is suspected (see Threats, above) and the advantages of exotic species removal is intuitive, no rigorous studies of the effects of exotics management has occurred. In Utah, a mechanical removal effort targeting nonnative species removed 41,000 fish (primarily mosquitofish) from spotted frog habitat in a spring complex.  However, long-term reduction of mosquitofish was not achieved and impacts on frogs were not detected (UDWR 2000; USFWS 2002).

Management Considerations
To be effective, a strategy for the conservation and recovery of pond-breeding amphibians should address management at both the local population level and at the metapopulation level, where a set of local populations maintain connectivity and gene flow (Semlitsch 2002). The simplest, most obvious approach and the one that would have highest priority is to protect the integrity of natural habitats first, which may involve land acquisition, purchase of water rights, and removal of unnatural threats.

Habitat Maintenance and Interconnections
In general, successful management at the population level is determined by the number of healthy metamorphic individuals leaving the breeding pond, a measure of recruitment into the adult population. A high rate of metamorphosis will maintain local populations, reestablish extinct populations, and launch new populations (Semlitsch 2002). Therefore, it would be beneficial to maintain or restore an array of natural wetlands with a variety of depths and hydroperiods (the length of time a wetland continuously holds water), and avoid unnatural shortening or lengthening of the hydroperiod. For example, irrigation diversions would lower the water table and dry the pond, and encroachment of thick vegetation during later successional stages would also shorten the hydroperiod.  Conversely, if pond hydroperiod is artificially lengthened or connections are made to other perennial waterbodies, predation from fish and aquatic invertebrates may increase (Semlitsch 2000). Maintaining, restoring, or creating an array of ponds and wet meadows with a diversity of hydroperiods would be a good strategy.

Even in optimal habitats, pond-breeding amphibians are subject to reproductive failure due to drought or freezing of eggs in spring. Because the probability of local extinctions is relatively, and naturally, high, connectedness to a metapopulation that can supply recolonizing immigrants is critical to sustaining any population over the long term (Semlitsch 2002). For Columbia spotted frogs, the establishment or maintenance of continuous riparian/wetland corridors between neighboring ponds or spring complexes would allow dispersal of metamorphic juveniles and the “rescue” of populations in jeopardy; juvenile Columbia spotted frogs are capable of dispersals of considerable distance (UDWR 2000; Pilliod et al. 2002; Funk et al. 2005b). Frogs traveling in arid, lower elevation habitats would require more reliably moist movement corridors than populations occupying more mesic, forested portions of the range. 

Roads
Roads and the vehicular traffic they convey can have profound effects on movement patterns and mortality rates of spotted frogs. Routing new roads to avoid impacts to riparian areas and rerouting existing roads away from frog habitats would eliminate a significant source of mortality. Situating roads in drier uplands would reduce the likelihood of interference with frog migration corridors.  If existing roads cannot be moved and are near breeding sites, routes could be temporarily closed to vehicle use during peak migration periods.  Tunnels, culverts, or bridges could be installed that direct amphibian movement under the road and out of harm's way (Jochimsen et al. 2004).  
Livestock Grazing
Livestock grazing is likely the land management action with the greatest impact on Columbia spotted frog habitat in the Great Basin. Grazing management objectives in areas with known populations can be formulated to meet the specific restoration needs of each habitat area. Various criteria can be used to assess, monitor, and regulate grazing use in riparian areas, and these criteria will vary depending upon local environmental variables, condition and physical characteristics of the stream or wetland, riparian species composition, and the season, frequency and duration of livestock use (UI Stubble Height Review Team 2004).  The Technical Bulletin Monitoring Streambanks and Riparian Vegetation - Multiple Indicators (Cowley and Burton 2005) is a useful guide to a suite of riparian monitoring procedures that, along with current livestock grazing management practices, including timing, frequency, and duration of grazing, may be used to determine whether vegetation and streambanks are responding to livestock grazing management as anticipated.

Timber Management
Timber management practices that avoid ground disturbance (such as from roads, skidding, or slash burning) near wetland and riparian habitats would minimize impacts to spotted frogs. Maintenance of natural vegetation buffer zones around ponds, especially breeding and overwintering pools, would safeguard cover for migrating adults and metamorphs. Preservation of undisturbed corridors between wetlands would allow frog movement and facilitate recolonization and natural dispersal. In addition, postponing timber harvest until after frogs have settled into overwintering sites would minimize impacts during critical breeding and foraging life cycle stages.   
Fire and Fire suppression actions

Fire suppression activities, whether in timber or rangeland, can cause greater harm to frog habitats than the fire itself. Fire retardant chemicals are toxic and are sometimes dropped onto wetlands. Firebreaks and dozer lines bladed around the perimeter of riparian areas or ponds can have the same disruptive effects as road construction. Allowing fire to burn riparian areas may benefit frogs by opening patches in bank vegetation suitable for basking and breeding, and may cause less disturbance than suppression actions (Pilliod et al. 2003). Because of the intense and often chaotic nature of fire suppression, especially across jurisdictional boundaries, the presence of an informed, knowledgeable resource advisor is crucial where fire threatens critical areas of frog habitat. Maps showing sites of frog occupation should be shared with resource advisors and fire personnel and briefings on suppression caveats should be conducted early in the fire season.

Contaminants

New direction from both the BLM and the Forest Service provide general guidance for appropriate application techniques in aquatic habitats (See USDA Forest Service Pacific Northwest Region Invasive Plant Program Record of Decision [2005] [http://www.fs.fed.us/r6/invasiveplant-eis/] or BLM's Vegetation Treatments using Herbicides in 17 Western States Draft Programmatic EIS [2005] [http://www.blm.gov/nhp/spotlight/VegEIS/]), but careful oversight at the project scale is important to avoid miscommunication and mistakes. 
Several options are available for site-specific management that may avoid or reduce contaminant impacts to frogs and their habitats. Use of pesticides registered safe for aquatic use where chemicals are likely to be delivered to surface water; avoidance of chemicals highly toxic to amphibians (e.g., Roundup); substitution of less toxic alternatives (e.g., Rodeo in place of Roundup); and use of appropriate application methods (e.g., non-aerial, spot spraying, or wiping) and buffers are all procedures that would reduce impacts.
Mining

Ground disturbance and effluents from mining have profound effects on amphibian habitat, but in most cases the role of land management agencies is solely to assess impacts and stipulate mitigation measures for mining companies. Mitigations may include reclamation of disturbed areas, including stream channels and wetlands, or construction of new wetlands to replace destroyed ones. These mitigations may help reestablish spotted frog populations if extirpations have occurred and may create additional habitat.  In addition, land management agencies have aggressive abandoned mine programs that restore habitats impacted by historic mining activities. These programs include removing tailings from waterways, removing toxic materials, and reducing toxicity of heavy-metal effluents through construction of settling or treatment ponds. 
Introduced Species

Because land management agencies such as the BLM and the Forest Service traditionally manage habitats, whereas State fish and wildlife agencies manage populations, control of invasive aquatic species has usually been administered by the State(s). Recent direction from the Department of Agriculture (Federal Register, in press) has clarified the Forest Service's role in piscicide application on public land, relaxing the need for special use authorizations and facilitating prompt and efficient use of piscicides by State agencies while retaining the Forest Service’s authority over such use. Federal biologists can aid in management of introduced species by documenting habitats where invasives occur, identifying and prioritizing habitats at greatest risk, and participating and cooperating in the control process. Perhaps the most effective strategy in management of introduced species is preventing introductions at the outset, accomplished through public education and outreach, and building cooperative agreements with State fish and wildlife agencies. 
Population manipulations
Population manipulations have been shown to have an indifferent success rate with amphibians (Seigel and Dodd 2002), and would best be a low priority until the habitat is secure.  Translocation, the release of animals into areas where they are not historically known to occur, and repatriation, releasing animals into a formerly or currently occupied area, are the two main types of population manipulation (Dodd 2005). Translocation (also called relocation) is commonly used to move animals away from an area where they are immediately threatened to a safer place, often a mitigated site.  However, moving transformed frogs may be ineffective.  In California, seven adult red-legged frogs were relocated to ponds 270 m and 540 m away after their home pond was drained (Rathbun and Schneider 2001).  All returned to the home pond. In Idaho, Engle (2001) experimentally translocated two adult Columbia spotted frog males between distant ponds in a spring complex in an attempt to balance the gender ratio in a group of breeders. The males overwintered, vocalized, and perhaps bred the following spring, but left the new site and disappeared permanently after breeding season. However, in central Oregon, adults, juveniles, and eggs of Oregon spotted frogs were transferred to created ponds as mitigation for loss of a breeding site due to dam maintenance, and successful breeding occurred the next year (C. Pearl, pers. comm.). 

In the Wasatch Front, experimental translocation of Columbia spotted frog egg masses resulted in successful hatching and development to adults, but translocation of adults failed. Thirty-four egg masses were moved from ponds scheduled for impacts from Provo River restoration projects to previously frogless sites (UDWR 2000).  Although translocation of adult Oregon spotted frogs has been successful at one site, to date only the movement of eggs has resulted in establishment of new populations for Columbia spotted frogs. 

There can be several negative aspects to translocation (Seigel and Dodd 2002; Trenham and Marsh 2002; Dodd 2005). These include the potential for disease transmission, the “scrambling” of a population’s genetic record or social structure, and the need for long-term monitoring to verify success. 
Other Considerations
Specific critical elements of habitat management for Columbia spotted frogs were carefully outlined for USFS Region 2 in Columbia Spotted Frog (Rana luteiventris formerly R. pretiosa): a Technical Conservation Assessment (Patla and Keinath 2005). Although intended for management of Rocky Mountain populations, these elements are readily applicable to spotted frog management in Great Basin populations and are excerpted in Appendix A. 
Research, Inventory, and Monitoring Opportunities

Standardized methods for inventory and monitoring of amphibian populations are necessary for consistency and accuracy of data collection and comparability of results. Several methods are extant for sampling amphibians that occupy lentic habitats (Heyer et al. 1994; Olson et al. 1997) and are aimed at determining population occurrence, population sizes, or trends at various spatial scales. If little work has been done previously, inventories can provide presence-absence data to assess geographic distribution and habitat use.  If repeated at intervals of several years, inventories can document changes in distribution (Chapter 3, Heyer et al. 1994).  

For much of the range of the Great Basin Columbia spotted frog in OR/WA BLM and Region 6, preliminary or repeated inventories have been completed by land management agency and USGS-ARMI personnel. In other regions, ARMI has adopted a proportion of area occupied (PAO) model for monitoring Columbia spotted frog populations at the mid landscape level within regions or management units (http://armi.usgs.gov/programbackground.asp#programdesign). This method evaluates the fraction of the landscape that is occupied by the frog, but not the actual abundance of the population across the landscape, and is therefore a monitoring technique that is less costly than methods that attempt to estimate population sizes, and ideal for large-area monitoring programs that seek to identify areas where amphibian species may be in decline (MacKenzie et al. 2002). However, in southeast Oregon, ARMI canceled their mid-level monitoring because Columbia spotted frogs proved to be too rare for an occupancy approach, and the study was unlikely to produce significant information about amphibian status and trends (ARMI 2004). Nevertheless, ARMI has retained three apex monitoring sites in Oregon for more intensive research geared toward site-specific population trends. Two of these sites are in southeast Oregon (Kingsbury Gulch and Dry Creek),and one is in northeast Oregon. 
Survey Methods

The basic amphibian survey method uses visual estimation searching and dipnetting to determine presence-absence of a species and to estimate relative abundance at a site (for details, see Thoms et al. 1997). It can be used repeatedly to assess changes in relative abundance or presence over time. Generally, surveying the waterline on sunny days will detect basking adult and juvenile spotted frogs and tadpoles utilizing the warm shallows. Frogs that leap into the water generally resurface within a few minutes.  Surveying during the breeding season allows visual counts of egg masses or breeding adults, which gives a more accurate estimate of reproductive effort and abundance of breeding females than dipnet sampling of tadpoles, and is far less costly than mark-recapture methods. However, the time interval when eggs may be present is usually <I month and occurs when rainy spring weather renders some access roads impassible. Tadpoles and metamorphs are useful for detection of active breeding sites and can be sampled mid-June through early August, depending on elevation. Fall surveys can monitor relative abundance of metamorphs, which are useful estimates of recruitment, and can pinpoint movement patterns and locations of overwintering sites. The standard operating procedures that ARMI used in 2003  for visual encounter surveys, including sample forms, are reproduced in Appendix B.  This protocol is an example of the VES method, and may not be the exact procedure currently used by ARMI. However, it gives an idea of how field crews collect data and forms used for organizing information.
Because amphibian pathogens and parasites can be carried between habitats on hands, footware, or equipment of fieldworkers, it is vitally important for those involved in amphibian research (and other wetland/pond studies including those on fish, invertebrates and plants) to take steps to minimize the spread of disease and parasites between study sites. A fieldwork code of practice, prepared by the Declining Amphibian Task Force (http://www.open.ac.uk/daptf/index.htm) provides guidelines for conducting field work at amphibian breeding sites or in other aquatic habitats.


Habitat monitoring can be conducted simultaneously with population monitoring. The habitat variables to be collected depend on the study objectives (e.g. monitoring impacts from grazing, recreation, mining) and include water chemistry, depth, air and water temperature, % emergent vegetation, bank stability, vegetation use by animals, riparian species composition, and canopy cover.
Estimation of actual population size rather than relative estimates requires extensive data collection and analysis and is costly.  Mark-recapture methods are frequently used for long-term spotted frog population monitoring and can provide accurate estimates of population size as long as the site boundaries are accurately assessed, and ideally, immigration and emigration does not occur (Donnelly and Guyer 1994). Passive integrated transponder (PIT) tags are a humane method to individually mark frogs without the need for amputating body parts. PIT tags are inserted under the skin dorsally, and generally only spotted frogs >40mm snout-vent length (those that have overwintered at least one year) are large enough to be tagged. Software for calculating population size estimates from mark-recapture data can be accessed at USGS’s website: http://www.mbr-pwrc.usgs.gov/software/#a.

Any survey efforts conducted on Forest Service or BLM lands in Oregon or Washington must be documented and mapped, with information entered into the appropriate agency database. 
Data and Information Gaps
Additional genetic analyses are desired to clarify the status of the Oregon subpopulations. The boundary that separates the Great Basin and the Northern DPSs of Columbia spotted frogs has not been clearly delineated in northeastern Oregon. Green et al. (1996) included frogs from Anthony Lakes, OR (n = 4), within his Great Basin designation, but Bos and Sites (2001) considered frogs from a site 33 miles south of Anthony Lakes to be more closely aligned with their Rocky Mountain or Northern group. Because the Great Basin DPS currently is managed under a higher priority conservation status (Candidate) than the more abundant Northern DPS, determining the genetic affiliations of populations with more precision will affect the nature and direction of their management. 

Columbia spotted frogs within the Great Basin DPS occupy a range of elevations and community types, from low elevation sagebrush-steppe (3300 ft) to coniferous forests above 5000 ft.  There is no detailed information comparing demographic and life history parameters between populations in differing environments. How does elevation, microclimate, and plant community composition influence spotted frog site fidelity, dispersal capabilities, age at maturity, survivorship, and lifespan? For small, isolated populations, understanding movement patterns is crucial for making effective management decisions.

Although some information exists linking grazing impacts to spotted frog viability (Ross et al. 1999; Bull and Hayes 2000; Reaser 2000; Engle 2001), much of these data is anecdotal or correlative, and does not derive from carefully controlled experimentation. Robust studies are essential to support land management decisions, especially where livestock grazing has significant social and economic importance.  

In recent years, recreational activities have increased dramatically across the public landscape, and conflicts with riparian and wetland habitats are inevitable. State game agencies are frequently pressured to provide sport fishing opportunities by introduction of fishes that may not be native to the targeted waterbody. Relatively little guidance is available for land managers on the severity and extent of recreational impacts, including stocking of non-native fishes, on amphibians.

Land management agencies are also tasked with vegetation treatments to control fuel loads and invasive weeds, as well as fire suppression for protection of natural resources and urban areas. These actions often involve application of chemicals that have unknown or imperfectly understood effects on amphibians.
Amphibian declines have been associated with chytrid fungal infections which have impacted high elevation habitats in the west and have been found in various Columbia spotted frog populations. Anthropogenic activities have been associated with
the emergence or spread of chytrid fungus, but more information is needed on occurrence, impacts, and vectors of the disease.  
Research Opportunities
Research opportunities on the effects of land management activities on Columbia spotted frogs are listed below:

· Clarification of the Status of Columbia Spotted Frog Subpopulations—Where is the boundary that separates the Great Basin and the Northern DPSs in northeastern Oregon?

· Influences of Different Community Environments on Life History and Response to Stress—How does elevation, microclimate, and plant community composition influence spotted frog site fidelity, dispersal capabilities, age at maturity, survivorship, and lifespan?

· Livestock Grazing—Does grazing have a significant impact on spotted frog habitat or populations? What level of grazing, if any, is supportable? Is there a timing, duration, and livestock class that would not negatively impact frogs? ARMI PNW is currently (2005) studying the effects of cattle grazing on pond-breeding Columbia spotted frogs in forested northeastern Oregon sites.  The research is a manipulative experiment with pre- and post-treatment sampling focused on population level amphibian responses to the full and partial exclusion of grazing.
· Recreation—Are there serious impacts to frogs or their habitat from increases in recreational activities, such as fishing, swimming, ATVs, campgrounds, and rafting? Many recreationists utilize riparian areas for wading, beaching boats, camping, and off-roading. Would educational outreach to increase awareness and sensitivity to frog conservation be effective?

· Fish Stocking—How does introduction of game fish affect spotted frogs? Are impacts from “native” rainbow trout different than from nonnative species such as brook trout or smallmouth bass? What habitat characteristics (e.g. dense littoral vegetation, shallow backwaters) would allow coexistence of introduced fish predators and frogs?

· Contaminants—What are the effects of chemicals used by land management agencies on spotted frogs? How readily do fire retardants, pesticides, herbicides, fuels, and road treatments gain access to frog habitats?

· Disease—How prevalent and how significant is infection from chytrid fungus and other pathogens on spotted frog populations? ARMI is currently (2005-2007) researching the emergence of chytridiomycosis in native amphibians (including Columbia spotted frogs) and introduced bullfrogs the Pacific Northwest, and will examine the relationship between geographic distribution of chytrid detections and environmental gradients such as climate, human disturbance, and bullfrog presence. In addition, ARMI is studying the association between introduced fish and pathogens, such as Saprolegnia, that attack spotted frog eggs. 
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	Sam Noble Springs, Owyhee Mountains, ID
	Castro Spring, Malheur Co. OR
	Dry Creek, Malheur Co., OR
	Kingsbury Gulch, Malheur Co., OR

	Elevation (ft)
	5600
	4800
	3920
	3600

	FEMALES
	
	
	
	

	Mean SVL (mm)
	66.9
	65.7
	66.1
	63.1

	Size Range (mm)
	54 - 86
	55 - 81
	56 - 75
	53 - 79

	n (SD)
	18 (8.4)
	24 (6.1)
	8 (6.0)
	119 (5.7)

	Maximum  recorded size
	90
	81
	82
	82

	MALES
	
	
	
	

	Mean SVL (mm)
	56.3
	60.0
	55.6
	56.3

	Size Range (mm)
	50 - 62
	50 - 81
	51 - 60
	50 - 82

	n (SD)
	15 (3.4)
	22 (7.3)
	7 (2.9)
	37 (6.1)

	Maximum recorded size
	74
	81
	63
	82

	Source
	J. Engle (unpubl. data)
	Jordan Valley HS; Vale BLM (unpubl. data)
	J. Engle; Vale BLM (unpubl. data)
	ARMI-USGS (unpubl. data)


Table 1—Snout-vent lengths (SVL) of male and female Columbia spotted frogs from four locations within the Great Basin distinct population segment. Measurements were taken from fall data in association with mark/recapture studies. Maximum sizes were recorded during the study but not necessarily during fall sampling. 

Table 2— Growth rates of Columbia spotted frogs from two locations within the Great Basin distinct population segment. Marked frogs were remeasured during the same month. Initial size class was the class the frog belonged to at the beginning of the measurement period. 

	Initial Size Class
	Sam Noble Springs, Owyhee Mountains, ID
	Dry Creek, Malheur Co., OR

	FEMALES
	mm / year

	40-49 mm
	20.2

(sd = 4.1: n = 10)
	21.7

(sd = 3.1; n = 3)

	50-59 mm
	12.4

(sd = 4.0; n = 12)
	15.1

(sd = 1.5; n = 7)

	60-69 mm
	5.2

(sd = 2.2; n = 10)
	5.7

(sd = 1.2; n = 3)

	70-79 mm
	3.1

(sd = 1.7: n = 7)
	2.7

(sd = 2.3; n = 3)

	80-89 mm
	1.4

(sd = 1.4; n = 7)
	

	MALES
	mm / year

	30-39 mm
	14.5

(sd = 2.6; n = 13)
	

	40-49 mm
	8.2

(sd = 2.4: n = 13)
	8.5

(sd = 0.7; n = 2)

	50-59 mm
	3.7

(sd = 2.1; n = 26)
	6.5

(sd = 0.7; n =2)

	60-69 mm
	0.6

(sd = 0.7; n = 9)
	

	Source
	J. Engle (unpubl. data)
	J. Engle; Vale BLM (unpubl. data)
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Appendix A—Conservation Elements for the Columbia Spotted Frog—excerpted from “Columbia Spotted Frog (Rana luteiventris formerly R. pretiosa): a Technical Conservation Assessment” (Patla and Keinath 2005)

The conservation elements outlined below were developed for the USFS Rocky Mountain Region (Region 2) and are included here as additional tools/approaches that can be considered when managing Columbia spotted frog occurrence sites or habitat. These elements are presented as approaches and are not meant to represent specific recommendations, although the concise presentation may appear otherwise. These approaches are those that have been used or suggested for conservation management of spotted frogs in other areas or described by the scientific literature.

1. Distribution of breeding populations. Documentation of occupied habitat can serve as the basis for monitoring, and provides the basic information necessary to target management 

2. Critical habitats and sites

a. Assign priorities to populations or areas for protection and monitoring (Munger et al. 1997).
b. Determine the location of breeding sites and potential breeding sites, foraging areas, over-wintering sites, and movement corridors at high-priority sites; evaluate each in light of current management context (Pilliod et al. 2002).

c. Protect permanent ponds and river and stream habitat within 500 m of breeding ponds from pollution, structural damage, significant vegetation removal, and water depletion (Bull and Hayes 2001).

d. Identify and protect critical terrestrial habitats (e.g., movement zones, seasonally wet areas that are not identified as “wetlands”) as well as breeding sites (Marsh and Trenham 2001, Pilliod et al. 2002).

3. Habitat protection and maintenance

a. Conduct surveys prior to any activities that could significantly impact spotted frog habitat (Munger et al. 1997); when loss or deterioration of breeding, foraging, wintering, or migration habitat is unavoidable, devise and implement mitigation measures (Maxell 2000).

b. Manage livestock allotments

i. Fence critical breeding, foraging, and over-wintering habitat (e.g., ponds, springs, riparian areas) and movement corridors between breeding and wintering sites (Patla 1997, Perkins and Lentsch 1998, Maxell 2000, Engle 2001, Munger et al. 2002); where fencing is not feasible, enforce utilization levels that maintain or improve habitat conditions for frogs (Engle 2001); remove livestock from known hibernation sites (Engle 2001).

ii. Design and implement Allotment Management Plans that protect spotted frog habitat considering the local situations; enforce sustainable grazing practices, evaluate drought threats, and apply livestock closures as needed (Perkins and Lentsch 1998, Munger et al. 2002).

iii. Manage grazing on stream habitat to avoid compaction, late season vegetative loss, willow damage, stream channelization, and down-cutting (Engle 2001, Munger et al. 2002); evaluate prescribed burning in riparian areas in light of the potential for frog mortality and how changes in vegetation could affect spotted frog habitat. (Engle 2001).

c. Water projects

i. Maintain and restore natural hydrological characteristics (Perkins and Lentsch 1998), or evaluate how human-caused changes to hydrology may affect frog breeding, foraging, and wintering habitat; consider how the hydroperiods of modified or constructed water bodies could affect frogs by increasing/reducing habitat or by attracting/sustaining predators (e.g.,fish,bullfrogs) (Maxell 2000); consider how existing or new projects (such as water diversions) could negatively affect water tables in riparian corridors (Munger et al. 1997, Engle 2001).

ii. Protect springs that may be important for spotted frogs (Munger et al. 1997); avoid developing springs that are used as frog hibernation areas, including the outflow streams, which serve as movement corridors (Engle 2001); where spring development exists or cannot be avoided in an area important for frogs, consider measures that could help to mitigate impacts, such as fencing a portion of the spring to exclude cattle or allowing for pooled surface water and unobstructed access to a spring mouth.

d. Roads

i. Allow no new road development within 100 feet of known spotted frog habitat (Munger 1997); at distances over 100 feet, evaluate potential spotted frog movement patterns when determining road placement.

ii. Minimize motorized traffic near breeding sites (Semlitsch 2000); close routes to vehicle use during peak migration periods (Maxell 2000).

iii. Use culverts or tunnels under roads to direct amphibian movements at known concentration points (Semlitsch 2000); where roads cross areas connecting critical habitat components, use bridges, oversize culverts, underpasses, or overpasses that attract frog use (Patla 1997, Jochimsen et al. 2004); install tunnels between upland habitat and wetland breeding areas (Jochimsen et al. 2004).

e. Fish and bullfrog introductions

i. Do not introduce fish into previously fishless waters in the range of the spotted frog; terminate stocking in lakes with suitable frog habitat that have been stocked in the past but in which fish cannot successfully reproduce (Munger et al. 1997, Pilliod and Peterson 2000).

ii. Remove introduced fishes if this will open key sites for occupation by spotted frogs (Munger et al. 1997 Pilliod and Peterson 2000); establish protocols and eradicate or control targeted populations of non-native fish where feasible and in areas that are key habitats for survival of local sets of populations (Perkins and Lentsch 1998, Maxell 2000, Pilliod and Peterson 2000); during fish eradication, avoid methods that will kill amphibians; try to mitigate effects of piscicides on amphibians through timing, dosage, and methods of application.

iii. Do not allow fish stocking by non-professionals; ensure that any mistakes in stocking by agencies are rectified by the responsible agency (Munger et al. 1997).

iv. Prohibit introductions of bullfrogs; eradicate or prevent further spread of bullfrog populations in areas of overlap with spotted frogs (Munger et al. 1997, Maxell 2000).

f. Fire

i. Restrict use of fire retardants around aquatic sites (Semlitsch 2000).

ii. Prescribed burns should not be conducted at times when amphibians are widely present in the habitat to be burned, particularly if the population in the area is isolated from other populations and thus at risk of extirpation if mortality is high (Maxell 2000).

g. Timber management and oil/gas development

i. Minimize practices that degrade terrestrial habitat near breeding sites (e.g., surface disturbance, road construction, reduction of ground cover and moist areas) (Semlitsch 2000); use harvest practices that minimize the immediate and long-term differences in abundance and distribution of moist microhabitats (e.g., woody debris) between harvested and unmanaged areas (deMaynadier and Hunter 1995, Maxell 2000); avoid skidding or piling logs in occupied frog habitat (USDI National Park Service 2002); conduct timber management activities after amphibians have entered their over-wintering sites (i.e., after mid-October) (USDI National Park Service 2002); avoid operating machinery in areas likely to host amphibians (e.g., moist swales, snowmelt pools) (USDI National Park Service 2002).

ii. Maintain natural vegetation buffer zones around ponds; Semlitsch (2000) proposes 160 m from the edge of wetlands and 30 to 100 m along streams, adjusted for stream width, slope, and site use; the size of buffer widths needed for spotted frogs has not been specified, but a relatively intact buffer around breeding pools is recommended to provide cover for migrating adults and habitat for dispersing young-of-the-year frogs (deMaynadier and Hunter 1999); within this buffer, protect natural vegetation and ground cover, and avoid surface disturbance.

iii. Maintain a diversity of terrestrial habitats around ponds (Semlitsch 2000); outside the buffer zone, or where a buffer zone is not implemented, provide corridors of natural vegetation among wetlands that can facilitate frog movements and survival during migrations; if vegetation corridors cannot be maintained, protect or restore small wetlands that could serve as stepping stones for amphibian movements (Semlitsch 2000).

h. Recreation

i. Avoid degradation of wetlands and direct mortality of amphibians by restricting off-road vehicle and other motorized use to designated roads, trails, or pit areas (Maxell 2000).

ii. New recreational facilities should not be located within 300 m of key breeding, foraging, or over-wintering habitats (Maxell 2000).

iii. Provide educational signs or pamphlets about spotted frogs and how they might be impacted by humans and their pets at recreational facilities that are near documented population centers (Maxell 2000)

i. Chemical use

i. Restrict herbicide and insecticide use near ponds, ditches, and ponds where runoff can move into wetlands (Semlitsch 2000); do not apply fertilizers, herbicides, and pesticides within 100 m of water bodies and wetlands until lethal and sublethal impacts on frogs are known (Maxell 2000).

ii. Analyze effects of treatment chemicals to amphibian populations (i.e., decomposition rates of the toxicant, sub-lethal effects, and timing of application) (Ulmer 2001).

4. Habitat restoration and enhancement

a. Manage harvest of beaver to prevent decline or loss of beaver populations; reintroduce beavers in areas where a need for dam-building activities of beavers has been identified (Munger et al. 1997).

b. Stabilize stream banks (Perkins and Lentsch 1998).

c. Restore springs; modify existing spring development to allow passage of frogs and to restore habitat (Munger et al. 1997).
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Appendix B— An example of a Visual Encounter Survey protocol and form for sampling amphibian populations. This protocol was used by Amphibian Research and Monitoring Initiative (ARMI) Mid-Level Monitoring in 2003 and may not be the procedure currently used by ARMI.
ARMI STANDARD OPERATING PROCEDURE FOR VISUAL ENCOUNTER SURVEYS
This survey protocol is designed for use at pond and stream sites located within a Mid-level Monitoring Area for ARMI. It can also be used at amphibian historical site revisits. Each patch of wetland habitat will be visited at least two times during the spring and summer months when aquatic life stages of native amphibians are likely to be present and detectable.  Each wetland will be sampled for amphibians, a variety of habitat variables measured, and water samples collected for later analysis.  It is important that standardized methods be used to collect these data, so that they are comparable among wetlands within the study area.

Field crews will have completed first aid/CPR training and have read all appropriate SOPs prior to starting field work. Sampling procedures will be taught to crews by an experienced staff member prior to sending novice samplers out into the field.

Procedures 

Sites to survey:

Our sampling unit is the 5th field HUC (these are the named study areas like “STAR” or “SUMMER.” Each 5th field HUC is subdivided into 6th field HUCs. Check the site list to see which 6th field HUC to visit first. This year we will try to complete our first and second visits to ponds within a designated HUC in a single trip. So, while you are on your trip, try to time your stay to visit all ponds in one or more of the 6th field HUCs two times. For example, if you are halfway through your trip and you have covered all the sites in two 6th field HUCs, begin to revisit these sites instead of moving on to sites located in the next 6th field HUC. Visit stream sites regardless of which 6th field they are located in. 

Survey Techniques:

*Note: Although all of the tasks below need to be completed at each wetland, the specific order of completion is not critical.  If amphibian sampling will stir up too much sediment to get clean water samples, these sensitive tasks should be completed first.  Otherwise it is up to the discretion of the team to determine which tasks to complete in what order.

Data Sheet Management: Upon arrival at each wetland to be sampled begin a new data sheet. If multiple discrete bodies of water are encountered when the crew approaches a site, fill out a separate form for each. If ponds are not discrete (are connected with channels or are part of a wet meadow) cover the area as a single site on one sheet.

Mapping:

1.  Draw a map of the wetland perimeter (use grid on data sheet)

-be sure to orient drawing to North arrow on grid

-use codes to indicate approximately where each survey activity is conducted 
(e.g., Dipnet,  Photos, GPS)

2. Include details of habitat on map (where large concentrations of emergent veg occur, etc.)

GPS Location:

1.  Find location along the shoreline where the GPS unit receives a strong signal, indicate location on map.

2.  Log points at that location for 1-2 minutes (use UTM NAD27 format)

a.  Record the UTM Zone, coordinate locations, and the estimate of error (EPE preferably <5m) on the data sheet.

b.  Record the filename if it was saved.

3. If the site is a stream, collect a GPS location at the start and end points of the survey

Photographic Records:

1.   Number rolls of film (or disposable cameras) with permanent marker/keep track of roll number in camera.

2.  Take photographs of each wetland for later reference.

3.  Indicate location(s) from which photos were taken on site map.

Amphibian Surveys: 

1. These surveys will generally be conducted by teams of 2 individuals and can be conducted at the same time as the aquatic habitat characterizations or separately (depending on crew size)

a. Record all stages of development observed for each species

b. Walk the perimeter of the wetland, stopping every 10 meters, or at evenly spaced stations, to scan for embryos and larvae and collect subsample data.  One person wades, the other walks on shore. If the site is a stream, each person can walk along shore.

c. At each of the stations, or as encountered, visually detected amphibians will be captured using a dipnet to ensure definitive species identification (*Only continue dipnetting while potentially occurring species remain undetected). Release identified specimens at the point of capture.  If moveable cover items are present move them to see if larvae are hiding beneath them. Identify any embryos or larvae to species, or if not possible preserve a voucher specimen in a labeled vial of 10% buffered formalin or ethanol.

d. Vegetated areas and other habitats likely to harbor embryos and larvae will also be intermittently sampled using dipnets

e. Once evidence of current breeding activity for a species is detected (i.e., embryos, tadpoles, or metamorphs from the current breeding season) and recorded, searches for that species/stage should cease (to conserve time).

 f. If one or more species remain undetected following a complete circuit of the wetland, other habitats where they are likely to occur (e.g., vegetated areas away from the shoreline) should be searched prior to declaring them absent.

2.  Each team should collect voucher specimens (generally a single larva of each species present) at 10% of the ponds or streams located in each randomly chosen area. Sufficient information will be recorded on the labels and data sheets such that it can be determined where the sample was collected and what species are represented.

3.  Each species detected will be recorded on a separate line on the datasheet. The species name (or a set abbreviation) will be recorded and, if a voucher was preserved, “Y” will be circled. Counts or estimates of individuals will also be recorded. If the numbers of larvae are too high to count, the field crew will estimate the numbers of individuals seen. For egg masses, if they are distinct they will be counted. If masses can’t be counted, the number of eggs seen at the site will also be estimated (for example, a crew member can count all the eggs/larvae found within a square quarter-meter and extrapolate to estimate the total number observed). A subsample (about 10 of a stage per species) of amphibians will be measured and a few individuals will be collected as vouchers and for the health and disease survey. Measure SVL of every 10th individual captured until 10 SVLs are collected. Also note any frog or toad species heard calling, and/or metamorphosed amphibians incidentally encountered around the area of the wetland.

Aquatic Habitat Characterization for ponds and streams:

Estimate the % of the surface area with floating (reaching the surface) or emergent aquatic vegetation in the entire pond. If the site is a stream, complete these estimates at the end point of the survey (include in estimate as much of stream as can be seen) and mark on map approximate area included in estimate.

Fish Presence/Absence:

While characterizing habitat and surveying for amphibians watch for any evidence of the presence of fish.
a. Watch for fish in shallows and rising to feed on the surface

b. If not yet detected, search 30 meters up inlet and outlet streams where fish may be more visible

c. If present indicate species if determined.

Water Quality Characterization:

1.  Record shade air temperature and water (in the sun 10 cm below the surface) temp.

2.  pH and conductivity measurements.

a. Calibrate both meters at the beginning of each day. Calibrate pH meter using pH 4 and 7 stock buffers.  Use the provided TDS calibration buffer packets to calibrate that meter.

b. Rinse cup 3 times with site water, collect sample of water in cup, insert pH meter and allow to equilibrate, record reading. If meter does not stabilize after 2 minutes record the low and high range of the current readings. 

c. Rinse cup 3 times with site water, collect new sample, insert conductivity meter and allow to equilibrate, record reading. If meter does not stabilize after 2 minutes record the low and high range of the current readings.
d. Store pH and conductivity meters with moist sponge or toweling in the probe cover to keep the electrodes from drying out.  Site water can be used for this purpose.  If the probes do dry out it is critical that the meters be reconditioned according to the manufacturer's instructions.

Water Sample Collection


Refer to specific SOPs for historical and ARMI water sampling

Final Activities

Notes: 
1. The remaining space on the data sheets should be used to record any additional notes.

2. Team members are encouraged to write extensive notes about features of each site not encompassed by the required data fields.  Notes can also explain that data which may look weird are actually correct.  For example if the pH readings never stabilized this would be a good place to note this fact. The notes will help those of us who are not there understand the data that you collect, the conditions at that site, how difficult it was to get to that site, etc.

3. Think of the notes as a journal where you can record anything.

Data Management:

1.  Prior to leaving each site the assigned team leader will check over the recorded data to make sure that all fields have been filled (data or NA), that all recorded data is clearly legible, and that the reported data do not have any obvious errors.

2.  Once the data are checked the leader should initial the ‘Field Checked’ box
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ADDITIONAL NOTES:

Rana luteiventris locations
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Fields and definitions for the pond survey form.

IMPORTANT: If a field is not applicable at a particular survey, strike through it to indicate the field was not forgotten!

Date - Write the date as month, day, year (e.g., Aug 11, 1993).  The three letter abbreviation for the month is less ambiguous and more readily recognized than 8-11-93.  

Begin Time - Record the time that your survey began, not time you arrived at the 

locality.  

End Time - Record the time when the survey ended, not time you finished taking notes and gathering up equipment.  

Total Search Time - This is the total time (in minutes) spent searching for amphibians.  It is the time spent walking along a creek or around a lake while looking for amphibians.  If there are significant obstacles that must be avoided (e.g., major log jam, cliff face around part of a lake), do not include time spent going around these hazards.  Also, do not include time spent processing specimens, recording notes, or taking photographs. If two or more people spend differing amounts of time searching, enter the average total time.  For example, if one person spent an hour and another person spent 50 min, the total time should be 55 min.  This time will be multiplied by the number of qualified observers circled in observer box.  

Site ID – A unique identifier for the site represented by the data sheet. If a name is provided, use this as the site ID.

Observers - Enter the names of the observers beginning with the name of the 

person filling out the data form.  Circle the number of active, qualified 

observers who contributed to the survey.  

Sentinel Site – Circle yes if this is a sentinel site (you will be notified prior to visiting sentinel sites)

Location - This is a description that would allow someone not familiar with the area to

find the exact spot again.  For example: 

Highway 1, 4.6 mi S of junction with Sir Francis Drake.  

Dry Creek, 0.3 mi upstream from junction with Hwy 216.

Rice Creek between Crumbaugh Lake and Cold Boiling Lake.

Use mapped landmarks that are not likely to change.  A distance from a large town is not particularly useful since it is difficult to tell from what point the distance was measured.  Mileages are assumed to be via road unless indicated otherwise.  Backcountry localities can be given as the name of a mapped lake or as an airline distance from such a lake.  When using airline distances, make sure to indicate a compass direction at least as detailed as NNW or ENE.  Some localities are difficult to describe and the UTM coordinates will be the most descriptive, but a narrative description is important to confirm the general location.  

Historical Site – If the site is a location with a previous record for an amphibian species, circle yes and list the species.

State - Enter state name.

County - Enter county name.

Ownership – Indicate land ownership

Index Area - Many sites will be in designated index areas.  If so, enter the name of the area (SEOR, OLYM, etc.).

Sample Unit (HUC #) - Index areas will be broken down into sample units, in our case these are 5th field or 6th field watersheds (HUC_5).  If a site is within an index area, indicate the HUC number.

UTM Zone - Enter the zone number, which in the continental United States ranges from 10 on the west coast to 19 in the east.  UTM zones are always indicated in the lower left corner of USGS topographic maps. Our sites are located in either Zone 10 or 11. 
UTM Coordinates - This is a pair of numbers that are x and y coordinates.  In North America, the two numbers are northings and eastings.  Location of each site will be recorded using a hand held GPS unit in the field. If you survey a creek, stream, or river, you should enter the UTM coordinates for both the beginning and ending location (use the fields marked “end”).  For lakes and ponds, enter the coordinates for the edge of the water if you are using a GPS or from the center of the water body if you are obtaining the coordinates from a USGS 7.5' topographic map. Only a single GPS location is needed for lakes/ponds.

Datum (Database only) - This refers to the base map projection.  The datum is always indicated in the lower left corner of USGS topographic maps.  If you are using a GPS unit to get UTM coordinates, you need to check the GPS setup menu to see which datum is being used.  UTM coordinates are generally associated with either the 1927 North American datum or 1983 North American datum.  Latitude/longitude coordinates are usually given in reference to the WGS84 datum.  Using the wrong datum can result in significant positional errors.
Error – error estimate of Garmin 12XL GPS unit (preferably this is less than 5m)

GPS File – the name of the saved waypoint marking the location of a wetland

Elevation - This should be taken from a 7.5' topographic map since elevations from GPS units are not sufficiently accurate.  Make sure to indicate the elevational units.  These units will normally be feet if the elevation is read from the topo map but some of the newer USGS maps show elevation in meters.

Section Quarter – record subsection where site is located (i.e. NE ¼)

Camera and Roll # - Take at least one photo of each site. All the cameras are numbered and you should label each roll of film. For example, the first roll of film used in camera 2 should be numbered 2a. 

Frame # - Record the frame(s) used for photos at the site. 

Species Present At Site – All amphibians and a selected group of other organisms will be recorded in these fields including garter snakes, some invertebrates, and fish. Each species is recorded in one line.

Amphibians - Indicate the number of adults, juveniles, larvae, and egg masses observed for each amphibian species at a site.  Adults and juveniles can typically be counted, but it is often necessary to estimate the number of anuran and salamander larvae. Circle E if you estimated or C if you actually counted all the larvae or eggs. Note that this is not an estimate of the total number that might occur at the survey site, but the actual number of individuals seen during the survey.  Some amphibian larvae do not metamorphose within one year.  If you can clearly distinguish size classes, record a count for each size-class. Under the egg/egg mass field, circle M if your count represents masses. 

Fish Species - List the kinds of fish observed.  If fish cannot be identified to the species level, use the lowest taxonomic level possible, e.g. families: salmonidae, centrarchidae, cyprinidae.

Garter Snakes: Indicate if any were seen and list species if you can identify them.

Inverts: Indicate if certain predatory invertebrates were detected.

* Remember to record other interesting/unusual species sitings in the notes section on the back of the datasheet.

Physical and Chemical Environment

Weather - Circle one of the choices: clear overcast, rain, snow.

Wind - Circle one of the choices: calm, light, gusty, strong
Dry?- Indicate if the pond/stream was dry

Dist_road- circle distance to nearest road and indicate if paved or gravel/dirt

pH: Record pH. 

Air Temperature - Measure the air temperature in the shade at approximately 1 meter off the ground.  Circle F for Fahrenheit or C for Centigrade.

Water Temperature - Measure the water temperature near the surface either in the vicinity of any amphibians that are located, or approximately 0.5 meter out from the edge of the water.  Since temperature can be quite variable in standing water, try to select a location that is representative of the site.  Circle F for Fahrenheit or C for centigrade.

Conductivity: Check when sample collected for measurement (this is not the same as H2O sample).

Turbidity: Is the water clear or cloudy?

Color: Indicate if water appears to be clear or stained (i.e. from leaf tannins)

Site Description

Habitat Origin - Circle one of the choices: natural, man-made, or altered.

Drainage - Circle on of the choices: permanent, seasonal.  If you are not certain, consult a 7.5' USGS topographic map.  Seasonal streams are indicated with a broken blue line and seasonal ponds/lakes are hatched.

H2O Sample- Circle type of sample collected (ARMI, Historic, or none)

Description - Circle only one of the choices: lake/pond, river/stream, ditch, spring/seep, meadow/wetland, oxbow/backwater, beaverpond.

Fish? – Indicate if you saw any fish at site and list species

Beavers? – Record whether or not beavers were detected at the site

Beaver Code – How did you detect them? Use only one code, choose the strongest indicator for your location (1=see beaver, 2=hear beaver, 3=lodge, 4=current dam, 5=old dam, 6=cuttings)

Cattle: Indicate if evidence of cattle grazing (cow patties, cow prints) is present at site (Y or N). 

Predaceous Inverts? Indicate if present and list species.

Average Site Width (m) - This is the average width of the aquatic habitat surveyed. 

Average Site Length (m) – Estimate the average length of the site searched. For a pond, this is just the estimated length of the longest axis. For a stream, indicate the distance along the stream you searched.

Shallows - Indicate the percent of the total site area that is <0.5 m deep.  

Maximum Depth (m) - Circle one of the choices:  <1.0, 1.0-2.0, >2.0

Entire Site Searched: Did you search the whole site?

If no, % of area searched: Estimate how much of entire site was searched

% Emergent/Floating Vegetation - Indicate the percent cover of emergent/floating

vegetation for the entire site. By “entire site” we mean the portion of the site

visible to you from the shore when you make this estimate.  Emergent/floating veg includes only the veg actually rooted or floating in the water and touching the surface. 

Emergent/Floating Vegetation Species - List the predominant aquatic vegetation (up to 3 species) in order of abundance. Include only vegetation that touches or breaks the water surface.

SUBSAMPLING

At ponds and streams, up to 20 subsamples will be completed but no fewer than 4. Crew can judge how to best pace off subsamples when arrive at site.  For streams, crews will know rough distance to be covered before arrival at site (usually 1000m) so can estimate distance to pace between subsamples (usually 100m). Also, for streams, (not ponds) some stations can be chosen based on potential amphibian habitat. Indicate whether a station is chosen (C) or is a regularly spaced (R) location in the SC box. If "regular" subsample by counting off paces (100m) along the shore and stopping at the station. Each station consists of a 2 meter portion of the shoreline (actual edge of the water) and 2 meters out from the shore into the pond (or stream) making a square of area to be surveyed. If the stream is narrower than 2 meters across, include only the open water from the center of the stream to the near shore veg. Don't include the opposite veg or bank in your subsample. Estimate the percent cover (to the nearest 10%) provided by emergent or floating vegetation for each station. At each station circle the most dominant substrate (circle only one): boulder/bedrock, cobble, mud/silt, sand/gravel, leaves/grass, downed wood. Average height refers to the average vegetation height at the water/land interface within the substation. Average ten or so veg height measurements spaced evenly along the shorline (use the tape measure to evenly space the measurements). For cow pattie number and % cow dung, look at a 2X2 meter square up onto the shore starting from the water’s edge. Count the number of cow patties within the square. If patties are fragmented try to estimate a count based on the size of a whole patty. Also, estimate the percentage of the 2 square meter area covered with cow dung. For ponds record the max depth (cm) inside the station and for streams record max depth of channel at substation even if max depth is farther out than 2m. For a stream, record the stream width at the station and the GPS coordinate.  Record amphibian species detected at station.






Field Checked – The crew leader will initial this box after making a final check of the data sheet before leaving the field site.

Copied – Data sheet should be copied and stored in Corvallis

Proofed – Check box when datasheet is reviewed prior to entry into database 

Entered – Check box when data have been entered into database

Species List and Codes

Amphibians and Reptiles:

	Code
	Scientific Name
	Common Name

	AMMA
	Ambystoma macrodactylum
	Long-toed salamander

	AMTI
	Ambystoma tigrinum
	Tiger salamander

	SPIN
	Spea intermontana
	Great basin spadefoot

	BUBO
	Bufo boreas
	Western toad

	BUWO
	Bufo woodhousii
	Woodhouse’s toad

	HYRE
	Hyla regilla
	Pacific treefrog

	RALU
	Rana luteiventris
	Columbia spotted frog

	RAPI
	Rana pipiens
	Northern leopard frog

	BULL
	Rana catesbeiana
	Bullfrog

	Reptiles:
	
	

	THEL
	Thamnophis elegans
	Western terrestrial garter snake

	THIS
	Thamnophis sirtalis
	Common garter snake


Fish (record by code):

SALM
Salmonidae


salmon/trout

CENT
Centrarchidae


bass/bluegill

CYPR
Cyprinidae


minnows

COTT
Cottidae


sculpin

GAST
Gasterosteidae


stickleback

FUNK




fish, unknown family

Insects (record by code):

AESH
Aeshnidae


Darners (dragonflies)

LIBE
Libellulidae/Corduliidae

Skimmers (dragonflies)

DYTI
Dytiscidae


Predaceous diving beetle 

BENA
Belostomatidae


Giant water bugs

TRIC
Trichoptera


Caddisflies

Common wetland plants (record in database using genus):

algae




algae

Carex spp.



Sedges

Eleocharis spp.



Spike rush

Juncus spp.



Rush 

Lemna minor



Common duckweed

Mentha spp.



Mint species (Pennyroyal, etc.)

Myriophyllum spicatum


Eurasian watermilfoil

Nuphar polysepalum


Spatterdock

Nymphaea odorata


White water lily

Phalaris arundinacea


Reed canarygrass 

Poaceae spp.



aquatic grass

Polygonum spp.



Smartweed, Knotweed

Potamogeton spp.


Pond weed

Ranunculus spp.


Buttercups

Salix spp.



Willows

Scirpus spp.



Bulrushes 


Typha spp.



Cattail

Utricularia macrorhiza


Common Bladderwort
2 x 2 m square from pond edge up onto 


land for cow pattie number and % cow dung





2 x 2 m square from pond edge out into water for % cover and substrate





Figure 1.  Columbia spotted frog distribution.  Grey shading represents those populations with candidate status.  Cross-hatching represents montane habitats (modified from Green et al. 1996 and Engle 2000).
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