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Through:	Alan C. Ellsworth, Chief, Aquatic Systems Branch, Water Resources Division
			John Wullschleger, Fish Program Lead, Water Resources Division

From:		Nic Medley, Fish Biologist/Aquatic Ecologist, Fish Program, Water Resources Division
Melissa Trammell, Fishery Biologist, Intermountain Region

Subject:	TAR 1096:  Mitigate threats to native amphibian populations from exotic bullfrogs in Salt Wash and Courthouse Wash, Arches National Park


Executive Summary

A synoptic fish and amphibian survey was conducted in perennial water bodies within Arches National Park (ARCH), April 14 – 16 (spring), and September 9 and 10 (fall), 2015.  Sampling methods employed were electrofishing, beach seining, and baited minnow traps.  

Park-Wide Summary
1. Sites:  40 sites were sampled within ARCH; 18 in Salt Wash (SW) and 22 in Courthouse Wash (CW).
2. Fish:  11 species of fishes were detected:  roundtail chub (Gila robusta); speckled dace (Rhynichthyes osculus); green sunfish (Lepomis cyanellus); red shiner (Cyprinella lutrensis); fathead minnow (Pimephales promelas); sand shiner (Notropis stramineus); common carp (Cyprinus carpio); white sucker (Catostomus commersonii); bluegill (Lepomis macrochirus);  plains killifish (Fundulus zebrinus); and black bullhead (Ameiurus melas).
3. Of the 2,010 fish captured, 133 individuals were native species; 132 speckled dace and a single roundtail chub, representing 6.6% of the total fish captured.  However, if the 127 speckled dace caught at the single site, CW-12, are removed from the native fish total, native fish were represented by only 6 individuals (5 speckled dace, and a rountail chub).  
4. 
5. Non-native fish therefore represented 99.7% of the total number of fish captured at the other 39 sites sampled.
6. Amphibians:  Six adult, non-native bullfrog (Lithobates catesbeianus) were observed during the study.  No egg masses or tadpoles were observed in either CW or SW during spring sampling.  Large number of tadpoles were caught and observed in CW during fall sampling.  No native amphibians were observed during the study.
7. Crayfish:  Non-native, northern crayfish (Orconectes virilis), were not observed in SW or CW during spring sampling.  Large numbers of crayfish were observed in CW during fall sampling.
8. Results of this study show that non-native fish, bullfrogs and crayfish, likely originating and moving upstream from the Colorado River, have infested all accessible perennial aquatic habitats within ARCH. 
No reasonably implementable recommendations can be offered to return aquatic communities and their habitats within ARCH to their natural unimpaired condition.  The return of beaver to the park and the construction of complex stream, floodplain and riparian habitats associated with beaver dams and ponds (especially Upper SW), effectively precludes the removal of non-native fish.  A complete piscicide treatment of all perennial waters to remove non-native fish from ARCH waters is technically possible, but expensive and very difficult to achieve.  No sites exist for the construction of barriers to prevent upstream movement of fish, and most waters would be immediately reinvaded by non-native fish moving from the Colorado River.  Bullfrogs and crayfish cannot be removed by piscicides and mechanical removal is not practical or effective.  There are no methods to prevent the upstream movement of bullfrogs and crayfish in ARCH streams, even in the presence of fish barriers.
WRD recommends that ARCH focus on promoting beaver mediated, natural recovery of the newly created riparian and floodplain habitat, and the associated natural resource values it provides to terrestrial species (birds, beaver, otter, and other mammals).  A management focus on native aquatic vertebrate species will be unrewarding.

Project Overview
Background  
In 2012, ARCH submitted a Technical Assistance Request (TAR 1096, Appendix 1) to the Biological Resources Division (BRD) of the Natural Resource Stewardship and Science Directorate (NRSS) requesting recommendations on how to control non-native bullfrogs in ARCH to reduce presumed predation on decreasing native amphibian populations.
Upon an initial review of the TAR (Appendix 2; May 29th, 2013) by the Fish Program of the Water Resources Division (WRD), it was suggested that the presence of non-native fish could also be a major cause of reduced native amphibian populations via predation on juvenile aquatic life stages.  Previously, on June 16, 2010, fisheries biologists from WRD (John Wullschleger, Nic Medley) observed numerous non-native “bullhead” in the ponded area of SW, upstream of the park road bridge, in the vicinity of Wolfe Ranch.  These taxa are known to be voracious predators of aquatic organisms.  
The presence of bullhead had not previously been documented at this location indicating that the distribution of fishes had changed in the 27 years since the last fish survey (Webb 1988).  Consequently, to better understand the possible relationship between low amphibian abundance and the presence of potential non-native predators within the park, it was recommended that a combined fish and amphibian survey be conducted in the two major perennial drainages of ARCH.

Field Personnel
Nic Medley, Aquatic Ecologist/Fish Biologist, WRD, NPS, Fort Collins, CO
Melissa Trammell, Fishery Biologist, Intermountain Region, NPS, Grand Junction, CO
Gery Wakefield, GIS Coordinator, Southeast Utah Group, NPS, Moab, UT
Bill Sloan, Wildlife Technician, Southeast Utah Group, NPS, Moab, UT
Tim Graham, Herpetologist, Private Contractor
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Photo 1.  Field Personnel.  From left to right:  Bill Sloan, Gery Wakefield, Nic Medley, Tim Graham, and Melissa Trammel



Purpose and Need for Survey
The primary objective of the study was to document the presence, spatial distribution, and general abundance of native and non-native fish, amphibians, and crayfish species in perennial aquatic habitats within SW and CW of Arches National Park.
The information is needed to assess the possible relation between the distribution and abundance of non-native predatory fish and bullfrogs, and the observed low abundance of native amphibians.

Survey Dates
Fish sampling was conducted during April (spring) and September (fall), 2015.  Initially, all sampling was to occur between April 14 and April 17, 2015.  However, sampling could not be conducted in Sleepy Hollow or the upper section of Middle CW on April 17 due to increased flows and high turbidity in response to an overnight rainstorm.  Consequently, WRD staff returned to the park and completed the fish survey September 9 and 10, 2015.

Reach/Site Locations
Perennial water bodies within SW and CW (Map 1, Map 2) were surveyed for the presence of fish and amphibians.  Surveyed reaches were delineated based upon different geomorphic characteristics, and boundaries created by road crossings (Arches Scenic Drive Road, and Utah SH 191).  This provided a series of convenient reach lengths that could be easily accessed and sampled within a day (Map 3).  
Upper Salt Wash/Freshwater Canyon Reach (Map 4T, 4I; Sites FW-1, SW-1 to SW-6): SW from the Arches Scenic Drive Road (ASD Road) bridge crossing, on the Delicate Arch road, extending upstream approximately 0.5 km above the confluence with Freshwater Canyon.  The reach was accessed by walking upstream from the parking lot at Wolfe Ranch.
Lower Salt Wash Reach (Map 5T, 5I;  Sites SW-7 to SW-17):  SW upstream from the confluence with the Colorado River, to the SW bridge crossing at the lower end of Upper SW reach.  The reach was initially accessed by traveling upstream on the Colorado River by motor boat, from the Beach Landing take-out/boat-launch on Utah State Highway 128, approximately 1.4 km below the SW confluence.  Fish were sampled upstream to the SW bridge crossing, where a shuttle truck, left at the Wolfe Ranch parking lot, was used to return to Moab.
Sleepy Hollow in Upper Courthouse Wash (Map 6T, 6I;  Sites SH-1 and SH-2):  The Sleepy Hollow spring pool (SH-1), and outflow (SH-2) were accessed by hiking down Sevenmile Canyon from the trailhead just east of SH 191, and then up CW for approximately 1 km.
Middle Courthouse Wash (Map 7T, 7I;  Sites CW-1 to CW-10):  CW from the ASD Road, extending downstream approximately 3 kms to site CW-10.  Site CW-1, approximately 500 m above the ASD Road was also accessed, but no water was found.
Lower Courthouse Wash (Map 8T, 8I;  Sites CW-11 to CW-20):  CW from Utah SH 191 bridge, (~250 m upstream of the confluence with the Colorado River), extending upstream approximately 2 km, to site CW-11.  The reach was accessed from the bridge and surveyed in an upstream direction.
UTM coordinates of all sites were taken by in the field when a GPS signal was available (Table 1 and Table 2).  Otherwise, the Northing and Easting were subsequently estimated from identifying sampling site locations in ArcGIS.  Elevations were not estimated for these sites.  When sampling times were not available from GPS data, they were taken from field data sheets or estimated to the nearest 30 minutes.

Methods
Fish:  Fish were sampled by battery-operated, backpack electroshocker, hand seine or baited minnow traps, the method selected being appropriate for the water quality (conductivity and turbidity), and habitat type found at each site.  
Salt Wash:  Seine netting was the primary fishing method used in SW.  High salinity and water conductivity (not measured) precluded the use of electroshocking.   At SW-6 (“Footbridge” site), baited minnow traps were set overnight (4/14 – 4/15, 2015:  22 hr fished) in deep water areas when seining did not capture bullheads that were suspected of being present.
Courthouse Wash:   Lower water conductivity (~1600 µS/cm) allowed electroshocking to be the primary fishing method in lower CW.  When this method resulted in low fish capture rates, sampling was augmented by seining.  Sleepy Hollow and Middle CW were sampled using seine nets and baited minnow traps.
Amphibians:  Visual surveys of the channel and adjacent floodplain were conducted for adult and juvenile/larval amphibians.  The capture and/or detection of animals during fish sampling (e.g. captured during electrofishing) was recorded.







Table 1.  Site descriptions, survey dates and times, UTM coordinates (datum NAD83), and elevations of sampling sites in Salt Wash
[image: ]
Notes:  Due to poor satellite connectivity, and/or other reasons, coordinates for some sites could not be obtained by GPS.  The Northing and Easting of those sites were subsequently estimated from identifying sampling site locations in ArcGIS.  Elevations were not estimated for these sites.  Elevation of SW-11 was assumed to be the same as that at SW-10 due to its close proximity.

Table 2.  Site descriptions, survey dates and times, UTM coordinates (datum NAD83), and elevations of sampling sites in Courthouse Wash
[image: ]Note:  Due to poor satellite connectivity, coordinates for some sites could not be obtained by GPS.  The Northing and Easting of those sites was subsequently estimated from identifying sampling site locations in ArcGIS.  Elevations were not estimated for these sites.
Results
Fish
Courthouse Wash Summary (Table 3)
1. Eleven species of fish were captured in CW.  Fish captured in CW, in order of abundance, were;  green sunfish (Lepomis cyanellus, 528), speckled dace (Rhynichthyes osculus,129) red shiner (Cyprinella lutrensis, 83), fathead minnow (Pimephales promelas, 76), sand shiner (Notropis stramineus, 60), common carp (Cyprinus carpio, 7), white sucker (Catostomus commersonii, 3), bluegill (Lepomis macrochirus, 2),  plains killifish (Fundulus zebrinus, 1), black bullhead (Ameiurus melas, 1), and a juvenile roundtail chub (Gila robusta, 1) 
2. Two native fish species were caught in lower CW; a single, juvenile roundtail chub (Photo 2), and speckled dace (Photo 3).  All but two of the speckled dace (127) were caught at a single location with riffle habitat, where no other fish species were caught.
3. Of the 891 individual fish caught, 130 were native, representing 14.6% of the observed fish community.  However, if the 127 speckled dace from site CW-12 are removed from the data, non-native fish represented 99.66% of the fish community in the sites in CW.
4. Of the 528 green sunfish, 309 were captured in Sleepy Hollow pool.
5. Non-native green sunfish (adults and juveniles) was the only fish species captured above the Arches Scenic Drive Road in Sleepy Hollow Spring pool, outlet, and the upper reaches of CW.
6. Water temperatures ranged from 8.1 to 14.2 in the spring, and up to 17.9 C in the fall. Temperatures were moderate due to the season (spring and fall) and likely have a much wider year-round variation.
Salt Wash Summary (Table 4)
1. Seven species of fish were captured in SW.  All were a subset of the 11 species detected in CW.  Fish captured in SW, in order of abundance, were:  red shiner (Cyprinella lutrensis, 320), sand shiner (Notropis stramineus, 279), plains killifish (Fundulus zebrinus, 231), fathead minnow (Pimephales promelas, 207), green sunfish (Lepomis cyanellus, 70), black bullhead (Ameiurus melas, 9), and speckled dace (Rhynichthys osculus, 3).
2. Of the 1119 individual fish captured during the SW survey, only three native fish, all speckled dace, were caught, all occurring in the reach immediately below Wall Spring in lower SW.
3. Non-native fish represented 99.7% of the observed fish community.
4. Water temperature ranged from 8.7 to 13.3° C.  Temperatures were moderate due to the season (spring) and likely have a much wider year-round variation.
Amphibians
1. Only one species of amphibian; the non-native American bullfrog (Lithobates catesbeianus) was observed during the study.  Six adult bullfrogs were observed in the spring sampling.  No tadpoles or egg masses were observed during this time.  No native amphibians were observed.
2. During fall sampling, 44 large tadpoles were captured in minnow traps and seine hauls in CW.  Large tadpoles (417 total) were captured and counted in seine hauls in Sleepy Hollow, though many more were observed.  All tadpoles were presumed to be bullfrogs.  No native amphibians were observed.
Crayfish
1. During fall sampling, large numbers of non-native crayfish, previously identified as northern crayfish (Orconectes virilis), were captured and/or observed throughout CW, including Sleepy Hollow.  One specimen was preserved (frozen) and later identified as O. virilis by M. Trammell.
2. During spring sampling, no crayfish were captured or observed in CW or SW.
Other Animal Observations
1. Perhaps the most surprising observation was the first documentation of river otter (Lutra canadensis) in ARCH.  An adult otter was seen and photographed swimming up CW between sites CW-12 and CW-13 on April 16, 2015 (Photo 4).  
2. A mountain lion (Felis concolor) was also disturbed slightly downstream of Spring Hollow in CW and observed at close range (10m) jumping from a medium sized cottonwood tree.  
3. Black bear (Ursus americanus) scat was found at Spring Hollow
4. Turkey (Meleagris gallopavo) footprints were observed in CW downstream of Spring Hollow.  
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Photo 2.  Native juvenile roundtail chub from Site CW-19


[image: ]
Photo 3.  Native speckled dace from Site CW-12
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Photo 4.  River otter swimming upstream in Courthouse Wash between Sites CW-13 and CW-12

Table 3.  Fish, bullfrog and crayfish occurrence and abundance at sampling sites within Courthouse Wash
[image: ]
Minnow Trap (MT); Seine (S); Electrofishing (E).  Composite samples are the sum of animals captured when more than one method, or more than one minnow trap, was used.


Table 4.  Fish, bullfrog and crayfish occurrence and abundance at sampling sites within Salt Wash
[image: ]
Minnow Trap (MT); Seine (S).  Composite samples are the sum of animals captured when more than one method, or more than one minnow trap, was used.



Discussion
The survey provided more evidence of an expanding geographic distribution of non-native and aquatic invasive species within ARCH since the last fish survey (Webb 1988).
Four new non-native species were detected: black bullhead (Ameiurus melas) in SW (confirmation of previous 2010 sighting); sand shiner (Notropis stramineus) in SW and CW; white sucker (Catostomus commersonii) in CW; and green sunfish (Lepomis cyanellus) in SW and CW.  Two non-native species previously reported but not detected in this survey include yellow bullhead (Ameiurus natalis), and largemouth bass (Micropterus salmoides).  The former probably was a misidentified black bullhead since yellow bullheads are rare in the Colorado Basin system but black bullheads are common.  The latter was previously collected only near the bottom of CW at the confluence of the Colorado River, close to where largemouth bass are often reported.
One new native species record for the park was detected; a single juvenile roundtail chub (Gila robusta) in lower CW.  This capture suggests that the lower reaches of CW are used as nursery habitat by young chubs.  Two native species reported in previous surveys were not collected during this survey; bluehead sucker (Catostomus discobolus) and flannelmouth sucker (Catostomus latipinnis).  Flannelmouth suckers were previously collected near Wolfe Ranch, and at lower reaches of SW near the Colorado River.  The failure to detect this species that was previously extant several kilometers from the Colorado River likely suggests its loss from the fish community at this site.  Bluehead suckers were collected only at the lower reaches of SW near the Colorado River confluence.  While not detected in this study, the occurrence of suckers at the confluence is not surprising since these species are still extant to the Colorado River, and often use tributaries to spawn and feed.  They likely still use the lowest reaches of SW, especially when they become inundated from the Colorado River during high flows associated with spring runoff.
The detection of green sunfish in all habitats surveyed, including the most upstream sites surveyed in both SW and CW, suggests that the species has invaded, or soon will invade, all accessible perennial aquatic habitats in the park.  This voracious predator is known to greatly impact native species (Lemly 1985; Minckley and Marsh 2009).  With the increased complexity of the stream and riparian habitat since beaver recolonization in much of the park, there is little that can be done to remove or control them, or to mitigate their impacts to native communities.
While past fish surveys did not report the presence of bullfrogs, the occurrence of adults and large numbers of tadpoles in fall 2015 through all perennial reaches of CW suggests that they have been in the system for some time.  They have been reported to be increasing in the Colorado River mainstem bordering the park (K. Creighton, UDWR, pers. comm.).  The detection of a single bullfrog in SW in the spring confirms their presence in that drainage also.  Sampling in spring 2015 was likely too early in the year to detect egg masses or tadpoles.  If amphibian sampling had occurred in fall in SW it is almost certain that bullfrog tadpoles would have been found in large numbers in all ponded areas.  Previous observations (June 16, 2010.  C. N. Medley and J. Wullschelger, NPS, personal observation) of bullfrogs above the road culvert at the Wolfe Ranch supports this conclusion.
Crayfish were not detected in SW during this survey.  However, they are abundant in CW, and in the Colorado River bordering the park, and are likely extant to SW. 
Tim Graham, the herpetologist was not surprised, or concerned, by the non-detection of native amphibians as he considered the habitat in the lower reaches of both creeks where fish were found, largely inappropriate for many native amphibians, which prefer more isolated ephemeral pools.  Additionally, the cool spring sampling time was not the optimal time to detect amphibians.
Accordingly, there is a need to conduct some additional summer/fall surveys to confirm the presence of non-native crayfish in SW, and to better detect the presence of native amphibians in both SW and CW.

Geomorphic Observations
Geomorphic indicators of habitat change, especially in CW, suggest that historically the streams within ARCH looked very different than today.  Of particular interest is the presence of an incised stream with multiple terraces, with older cottonwood trees on the higher terraces in CW providing evidence of a sequence of head-cutting events.  There is evidence of sediment marks on cliff faces in areas protected from rain that suggest that the floodplain was considerably higher at some point in the recent past.  A head-cutting event at site CW-12, that occurred in response to an intense rainstorm in fall 2014, created a narrow, steep, highly incised reach dominated by speckled dace.  This event suggests that rapid head-cutting into loosely consolidated abandoned floodplain soils is a continuing process; though this may slow, and reverse, with the establishment of new grade control as beaver continue to colonize.
The sequence of events that may have led to this initial change was likely related to the loss of beaver, and perhaps grazing in the upper watershed.  The loss of stream and riparian habitat would have had a dramatic impact on native fish and amphibians.  Recolonization by beavers has created habitats that have facilitated the invasion of non-natives, which may, in turn, be suppressing native species.

Specific Answers to TAR questions
The primary issue contemplated in the initial technical assistance request was the potential impact of non-native bullfrogs on native amphibians.  The scope of the request was broadened at the suggestion of the WRD Fish Program to include a fish survey to better understand the impacts of non-native fish on native amphibians and native fish.  In addition, the geomorphic evidence suggests that multiple physical and biotic factors may have led to the decline and/or extirpation of native fish and amphibians within ARCH.  

The following is a summary of the sequence of geomorphic events and ecological interactions that likely led to establishment and domination by non-native fish and amphibian species in aquatic habitats within ARCH.
1. Initially, native fish (speckled dace, bluehead sucker, juvenile flannelmouth sucker, roundtail chub), and presumably native amphibians, occupied a complex aquatic habitat dominated by large expanses of beaver dams and ponds, with associated riparian and floodplain habitat.
2. Intensive commercial beaver trapping during the mid-1800’s resulted in the loss of beaver dams and ponds.  Valley grade control was lost, leading to incision and degradation of the river channel, and lateral erosion of floodplain sediments.
3. Additionally, as the area was settled, the upper watershed was intensively grazed by cattle (commenced in ~1870’s).  This caused an increase in magnitude and frequency of high flow events that were previously attenuated by the presence of beaver dams and an accessible floodplain.  The loss of floodplain connectivity led to further channel incision and degradation, and simplification of the stream habitat.
4. Changes in river geomorphology in response to large flood events led to loss of native fish and amphibian habitat causing a decrease in abundance and distribution of native aquatic species.
5. Non-native fish, bullfrogs and crayfish invaded upstream from the Colorado River into all perennial aquatic habitats that became easily accessible as beaver dams that were formally barriers to easy invasion were destroyed and not repaired.
6. Populations of native fish and amphibians were likely greatly reduced or extirpated as habitat loss was exacerbated by predation and competition by non-natives. 
7. Recolonization of beaver and the reestablishment of dams further facilitated the spread and invasion of non-natives into newly ponded habitats.

Summary and Conclusions
Interpretation of the available evidence suggests that historic physical habitat changes and the subsequent invasion of remaining aquatic habitats by non-native fish, bullfrogs and crayfish led to the virtual extirpation of native fish and amphibians.  Just as non-native fish took advantage of a recovering aquatic habitat in the absence of native fish, non-native bullfrogs and crayfish did the same in the absence of native amphibians and crayfish.  Intense competition and predation in the presence of highly abundant non-native species now creates an insurmountable barrier to natural recolonization by native fish and amphibians, especially as habitat quality improves.
As beaver continue to increase in abundance and expand their distribution within ARCH, all accessible perennial habitats below barriers to upstream dispersion will eventually be invaded and dominated by non-native fish, bullfrogs and crayfish, if they aren’t already.  Native speckled dace may continue to occupy short reaches of steep gradient sections created as a result of degradation and incision of river channel (e.g. reach above old USGS gage on CW, near CW-13) that provide poor habitat for the suite of available non-native species.  However, as beaver expand, they are likely to dam even these reaches allowing non-natives that are already present to expand and dominate.
Ultimately, it is likely that only small, isolated, headwater perennial reaches above natural barriers will remain free of non-native fish, bullfrogs and crayfish (e.g. Freshwater Canyon above most downstream barrier, short distance above confluence with SW).  This is essentially the present situation.
While aquatic systems within ARCH will continue to provide high quality aquatic habitat resource values concomitant with the recolonization of beaver, there is no reasonable course of action that will control non-native aquatic species and allow the restoration of the native fish and amphibian community to perennial aquatic habitats in ARCH.  Without removal of all beaver dams, treatment of the entire basin with a piscicide, and construction of barriers to upstream fish movement/migration, removal and/or control of non-native fish and restoration of the native fish community is highly unlikely.

Recommendations Concerning the Management of Non-Native Species
The return of beaver to the park and their construction of complex stream, floodplain and riparian habitats associated with beaver dams and ponds (especially Upper SW), precludes the removal of non-native aquatic animals.  A complete piscicide treatment of all perennial waters to remove all non-native fish from ARCH waters is technically possible; but expensive and difficult to achieve.  However, in the absence of a barrier, most waters would be immediately reinvaded by non-native fish moving upstream from the Colorado River.  Bullfrogs and crayfish cannot be removed by piscicides and mechanical removal is not practical or effective. No sites exist for the placement of barriers to upstream movement of fish, and there are no methods to prevent the upstream movement of bullfrogs and crayfish, even in the presence of fish barriers.  Bullfrog populations can be reduced to lower pressure on native amphibians through intensive removal efforts as described in the ‘Initial TAR response’, attached, but cannot be eliminated permanently as they will continuously reinvade from the Colorado River.  The green sunfish population in the relatively isolated Sleepy Hollow could be removed through the use of a piscicide (e.g. rotenone or experimental ammonia treatment).  However, reinvasion is likely during rain events that connect CW flows from Sleepy Hollow to the lower reaches and the Colorado River. Additionally, native aquatic invertebrates would also be impacted by a piscicide, and recovery of those populations can’t be certain.
It is difficult to make any clear recommendations other than native fish/amphibian restoration should be considered should opportunities and funding become available.  The most practical recommendation at this time would be to conduct additional summer/fall surveys to confirm the presence of non-native crayfish in SW, and to better detect the presence of native amphibians during the season in which they are more active.
It is likely more productive for the park to focus on promoting beaver-mediated, natural recovery of the newly created riparian and floodplain habitat, and control of non-native vegetation (salt-cedar) and the associated natural resource values it provides for managing terrestrial species.  To focus on the restoration of native aquatic fish and amphibian species, under the present circumstances, would be difficult.

Other Recommendations
Should funding opportunities become available, the Fish Program recommends the following actions to better understand the physical processes that may have led to the decline of native fish and amphibians;
1. Conduct a geomorphic history assessment of SW and CW to better understand the historic changes that have occurred in aquatic and riparian habitat and how these impacted native vegetative and faunal communities;

2. Conduct park-wide stream inventory to identify isolated perennial habitats that may be more appropriate, and provide refugia for native amphibians (e.g. Freshwater Canyon that has perennial habitat above a robust barrier), which can then become the focus of management.
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[image: ]Map 1.  Location of Arches National Park, UT, within the contiguous U.S.
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Map 2.  NPS Map of Arches National Park, UT, U.S.
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Map 3.  Location of fish sampling sites during each 2015 sampling period, within Arches National Park, UT.  Note that two sites within the Middle Courthouse Wash reach, above the park road, were sampled during April 2015.  The remaining sites, below the park road, were sampled during September 2015.  Map created by Gery Wakefield, NPS.
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Map 4T.  Topographic map showing location of fish sampling sites in Upper Salt Wash, Arches National Park.  Circle color indicates the method of fish sampling.  Note:  The site below the “Footbridge” was an additional, unnamed  site, added later to conduct an overnight trap set to target suspected presence of black bullheads (4/14/2015 – 4/15/2015), not caught during regular seine netting.  It is identified in the report as “Footbridge”.  Map by Gery Wakefield, NPS.
[image: ]
Map 4I.  Satellite image map showing location of fish sampling sites in Upper Salt Wash, Arches National Park.  Circle color indicates method of fish sampling.  The green circle represents the “Footbridge” site (see explanation in Map 4T legend).  Map by Gery Wakefield, NPS.
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Map 5T.  Topographic map showing location of fish sampling sites in Lower Salt Wash, Arches National Park.  Circle color indicates the method of fish sampling.  Map by Gery Wakefield, NPS.
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Map 5I.  Satellite image map showing location of fish sampling sites in Lower Salt Wash, Arches National Park.  Circle color indicates method of fish sampling. Map by Gery Wakefield, NPS.
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Map 6T.  Topographic map showing location of fish sampling sites in Sleepy Hollow in Upper Courthouse Wash, Arches National Park.  Circle color indicates the method of fish sampling.  Note:  SH-1 was sampled by both seine netting and minnow traps. Map by Gery Wakefield, NPS.
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Map 6I.  Satellite image map showing location of fish sampling sites in Sleepy Hollow in Upper Courthouse Wash, Arches National Park.  Circle color indicates method of fish sampling.  Note:  SH-1 was sampled by both seine netting and minnow traps. Map by Gery Wakefield, NPS.
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Map 7T.  Topographic map showing location of fish sampling sites in Middle Courthouse Wash, Arches National Park.  Circle color indicates the method of fish sampling.  Map by Gery Wakefield, NPS.
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Map 7I.  Satellite image map showing location of fish sampling sites in Middle Courthouse Wash, Arches National Park.  Circle color indicates method of fish sampling. Map by Gery Wakefield, NPS.
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Map 8T.  Topographic map showing location of fish sampling sites in Lower Courthouse Wash, Arches National Park.  Circle color indicates the method of fish sampling.  Note:  CW-11 involved electrofishing an extended reach rather than a discrete habitat feature. Map by Gery Wakefield, NPS.
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Map 8I.  Satellite image map showing location of fish sampling sites in Lower Courthouse Wash, Arches National Park.  Circle color indicates method of fish sampling.  Note:  CW-11 involved electrofishing an extended reach rather than a discrete habitat feature. Map by Gery Wakefield, NPS.
Appendix 1:  Original Technical Assistance Request
	
		Request No - 1096 ( Created By Mark Miller and last updated on 11/22/2011 2:04:48 PM by Mark Miller )

	Region
	Intermountain
	Park
	ARCH
	Program Area
	Wildlife Management

	Title
	Mitigate threats to native amphibian populations from exotic bullfrogs in Salt Wash and Courthouse Wash, Arches National Park

	Problem Statement

	Exotic bullfrog populations have become established in Salt Wash and Courthouse Wash -- two high-value riparian-aquatic systems in Arches National Park.  Bullfrog populations appear to be increasing in size and spatial extent, and thus have increasing potential to adversely impact populations of native amphibians including uncommon leopard frogs.  We have an urgent need for a wildlife ecologist with appropriate expertise to assess the current situation and provide recommendations for plausible / practicle actions that may be taken to control bullfrogs or otherwise mitigate risks to native amphibian populations. 

	Target Expertise

	Wildlife ecology, invasive species, wildlife management, amphibians

	What are you asking the NRSS to do?

	Assess the current situation and provide recommendations for plausible actions that may be taken to control bullfrogs or otherwise mitigate risks to native amphibian populations. 

	What alternatives does the park have to accomplish the work?

	Attempt to conduct this assessment in-house with limited staff resources.  

	Travel Needs?
	Unknown
	Is there a date by which the task must be completed?
	

	Does the park have travel funding?
	No
	Is Multi Year?
	No

	Status
	Pending
	Acceptance Level
	
		Date Accepted
	




	Superintendant Comments 
 

	

	Region Comments 
 

	

	Additional Information
	

	Comments
	

	Fiscal Year
	2012
	Requestor
	Mark Miller
		Allocated Time
	4



		Actual Time
	




	Alternate Contacts

		No Alternate Contacts Assigned for this Request




	Documents

		No Document Attachments for this Request




	Other Programs

		




	Technical Assistance Leads

		No Technical Assistance Leads Assigned for this Request




	Program Area Comments

		No Program Area Comments Entered for this Request






	




Appendix 2: Initial response to TAR 1096 that precipitated the ARCH fish survey

[image: Description: DPT_INT]United States Department of the Interior

NATIONAL PARK SERVICE
Water Resources Division
1201 Oak Ridge Drive, Suite 250
Fort Collins, CO 80525



Preliminary Response to Technical Assistance Request

To:	Mark Miller, Chief of Natural Resources, Arches National Park (ARCH), Utah

From:	Nicolas Medley, Aquatic Ecologist/Fisheries Biologist, Aquatic Systems Branch, WRD-NRPC-WASO-NPS, Fort Collins, Colorado

Re:	Technical Assistance Request 1096:  “Mitigate threats to native amphibian populations form exotic bullfrogs in Salt Wash and Courthouse Wash, Arches National Park

Date:		May 29, 2013


TAR Problem Statement
Arches National Park submitted a NRSS Technical Assistance Request (TAR #1096) on 11/22/2011.  The Problem Statement reads: “Exotic bullfrog populations have become established in Salt Wash and Courthouse Wash -- two high-value riparian-aquatic systems in Arches National Park.  Bullfrog populations appear to be increasing in size and spatial extent, and thus have increasing potential to adversely impact populations of native amphibians including uncommon leopard frogs.  We have an urgent need for a wildlife ecologist with appropriate expertise to assess the current situation and provide recommendations for plausible / practical actions that may be taken to control bullfrogs or otherwise mitigate risks to native amphibian populations.”  Nic Medley, Aquatic Ecologist for NRSS Fisheries Program, is assisting the park; carl_medley@nps.gov; (970) 225-3587.

Presence of non-native fish also threatens native amphibian populations
While the increasing bullfrog population is almost certainly having a serious negative impact on native amphibian populations and must be controlled, historic fish surveys have also confirmed the presence of non-native fish in permanent reaches and spring sources within Salt Wash and Courthouse Wash including fathead minnow, red shiner, and plains killifish (see Table 1).  In one of these studies (Conner and Kepner, 1983), non-native carp and yellow bullhead were also found near the confluence of the Colorado River in both drainages.  An observation in the Summer of 2010 of “catfish” (Medley and Wullschleger, NPS Fisheries Program, Fort Collins) in the ponded habitat near the Wolfe Ranch suggests that yellow bullhead may now have invaded some permanently wetted habitats within the park.  The presence of non-native fish that may prey on native tadpoles (red shiner, yellow bullhead) is also likely to pose another significant risk to native frogs.  In order to establish the potential threat that non-native fish pose and to develop a management plan that will comprehensively address multiple threats to native species, an updated fish survey is needed.

Need for a long-term bullfrog and non-native fish control program 
The presence of bullfrogs and predatory, non-native fish, and their association with permanent water sources used by native frogs, indicates that removal and eradication of bullfrogs and non-native fish is necessary to lessen and/or remove the threats to native frogs, tadpoles, other amphibians and other native aquatic species (Ostracoda, aquatic macroinvertebrates?).  Establishment of both bullfrogs and non-native fish likely occurred from source populations in the Colorado River.  Fish were either directly introduced in perennially wetted habitats or moved upstream when stream-flow in the wash was connected to the Colorado River during spring runoff or rainstorm events.  Bullfrogs dispersed upstream by moving overland between permanent water bodies as post larval juveniles and adults.  While both animal types require permanent water, the ability of bullfrogs to spend time out of water and to dispersal overland requires that different, but complimentary and overlapping management approaches will be needed to address both threats to native amphibians.  However, since the source populations of bullfrogs and non- native fish in the Colorado River cannot be fully controlled, it will never be possible to fully remove the threat to native amphibians.  While initial control efforts may significantly reduce bullfrog and non-native fish populations, subsequent long-term (seasonal/annual?) control efforts will always be required to keep bullfrog and non-native fish populations in check.

Possible long-term strategies to remove/control bullfrogs and non-native fish include;
Bullfrogs; 
· Remove egg masses in spring
· Electrofish/seine net/hoop net/dip net bullfrog tadpoles in the fall after metamorphosis of native frogs when the extent of wetted habitat is minimal, and in early spring prior to breeding.
·  “Headlight” (with headlamp or light attached to gun barrel) and gig, or shoot juvenile and adult bullfrogs on the stream bank, at night, throughout year, using either a high powered pellet gun, or a bolt-action .22-caliber rim-fire rifle and dust-shot or sound-suppressed bullets (Aguila brand).
· Electrofish adult frogs and large tadpoles in spring during cool weather, prior to breeding

Non-native fish; 
· Selective removal of non-native fish by electrofishing, seining netting, hoop netting, and minnow traps throughout the year, but focusing effort in the fall and early spring prior to fish spawning.

Other Considerations:
· Conduct suppression activities from upstream to downstream and focusing on areas close to permanent water
· If an opportunity arose to chemically treat (rotenone) each wash to remove all fish and bullfrog tadpoles in the entire drainage, a fish barrier would need to be constructed to prevent the upstream movement of fish from the Colorado River.  Native fish could be (re?)introduced into permanently wetted habitats.  While this approach may permanently remove non-native fish, it cannot permanently remove bullfrogs which will reinvade overland.

Initial Recommendation
· Conduct fish survey at previously surveyed sites, to document current bullfrog tadpole and fish distribution and relative abundance.  Once this information is obtained it may be used to develop a general aquatic resources management plan and a plan for the removal/control/eradication of bullfrogs and non-native fish.

Proposed Fish/bullfrog Survey, Fall 2013:
In order to better understand the potential impact that non-native fish and bullfrogs may have on native amphibians and other native fish, a presence/absence/relative abundance fish and bullfrog survey is proposed to be conducted in Salt and Courthouse Wash, in September/October, 2013.  It is proposed that this survey be conducted in cooperation with staff of the Utah DWR.  Sites to be surveyed will be consistent with those previously sampled.  Fish and tadpoles will be sampled in a predetermined length of habitat, using a combination of electrofishing, seine netting, hoop netting and minnow traps, as the habitat requires.  Fish will be counted, identified to species and their total length measured.  Bullfrog tadpoles will be counted.  All non-native fish and bullfrog tadpoles will be euthanized.

Proposed sampling sites:
Salt Wash:
1. Salt Wash, 100 yards upstream from confluence with Colorado River
2. Salt Spring
3. Salt Wash at road crossing to Delicate Arch parking lot
4. Salt Wash 100 feet below confluence with Freshwater Canyon
5. Freshwater Canyon
6. Salt Wash, 1 mile above confluence with Freshwater Canyon

Courthouse Wash (sampled only if permanent water confirmed to be present):
1. Courthouse wash at pool at gaging station
2. Courthouse Wash ~3 km above gaging station
3. Courthouse Wash, ~500m below park road
4. Courthouse Wash, ~4.5km above park road
5. Courthouse Wash, ~6km above park road




Table 1.  Summary of historic fish survey data collected from Salt Wash and Courthouse Wash, Arches National Park

[image: ]
Selby:  Selby and Holden.  1979. Survey of Fish, Invertebrates and algae in Salt Wash, Arches National Park.  BioWest Inc, Logan Utah .  
Conner:  Conner and Kepner.  1983.  Arches and Canyonlands National Park Aquatic Study.
Webb:  Webb.  1988.  Chemical and biotic survey of Salt Wash, Arches National Park, August 13-15, 1988
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Site Waterbody/Reach Survey Date Survey Time GPSd Northing (UTM) Easting (UTM) Elevation (m)

FW-1 Freshwater Canyon/Upper Salt Wash 4/14/2015   no 4289096.422 627934.736

SW-1 Upper Salt Wash 4/14/2015 12:57:35pm yes 4289383.323 628256.064 1290.077

SW-2 Upper Salt Wash 4/14/2015   no 4289066.807 628209.449

SW-3 Upper Salt Wash 4/14/2015 11:07:24am yes 4289025.845 628209.763 1289.039

SW-4 Upper Salt Wash 4/14/2015 10:36:14am yes 4288621.155 628661.338 1285.9

SW-5 Upper Salt Wash 4/14/2015 09:57:19am yes 4288561.151 628711.744 1285.166

SW-6 Upper Salt Wash 4/14/2015 09:17:49am yes 4288491.029 628671.821 1286.77

SW-7 Lower Salt Wash 4/15/2015 04:12:01pm yes 4286148.134 629353.494 1272.45

SW-8 Lower Salt Wash 4/15/2015 03:27:42pm yes 4285400.321 629121.228 1261.752

SW-9 Lower Salt Wash 4/15/2015 02:56:06pm yes 4285237.437 628982.031 1259.515

SW-10 Lower Salt Wash 4/15/2015 02:20:45pm yes 4285171.616 628818.715 1257.31

SW-11 Lower Salt Wash 4/15/2015 02:20:45pm no 4285110.222 628831.524 1257.31

SW-12 Lower Salt Wash 4/15/2015 01:37:36pm yes 4284263.219 629138.096 1244.257

SW-13 Lower Salt Wash 4/15/2015   no 4284066.44 629547.08

SW-14 Lower Salt Wash 4/15/2015   no 4283252.938 629734.985

SW-15 Lower Salt Wash 4/15/2015   no 4282444.555 629883.11

SW-16 Lower Salt Wash 4/15/2015 11:02:45am yes 4282424.257 629881.465 1208.866

SW-17 Lower Salt Wash 4/15/2015 10:23:11am yes 4282124.575 630303.157 1204.61


image5.emf
Site Waterbody/Reach Survey Date Survey Time GPSd Northing (UTM)Easting (UTM) Elevation (m) Fishing Method

SH-1 Sleepy Hollow Pool 9/9/2015 01:18:23pm yes 4281336.758 618326.147 1263.159 Seine/Minnow trap

SH-2 Sleep Hollow Outflow 9/9/2015 01:18:23pm yes 4281336.758 618326.147 1263.159 Minnow trap

CW-1 Middle Courthouse Wash 4/14/2015   no 4278535.298 621566.781 Seine

CW-2 Middle Courthouse Wash 4/14/2015   no 4278631.417 621953.535 Seine

CW-3 Middle Courthouse Wash 9/10/2015 08:42:42am yes 4278714.463 622089.789 1230.555 Seine

CW-4 Middle Courthouse Wash 9/10/2015 08:58:12am yes 4278747.266 622222.873 1230.745 Minnow trap

CW-5 Middle Courthouse Wash 9/10/2015 09:27:24am yes 4278660.895 622676.376 1231.521 Seine

CW-6 Middle Courthouse Wash 9/10/2015 09:40:05am yes 4278819.332 622910.111 1227.08 Minnow trap

CW-7 Middle Courthouse Wash 9/10/2015 09:49:29am yes 4278761.68 623006.741 1230.198 Seine

CW-8 Middle Courthouse Wash 9/10/2015 10:18:40am yes 4278626 623343 1280 Seine

CW-9 Middle Courthouse Wash 9/10/2015 10:41:31am yes 4278314.086 623714.446 1221.367 Seine

CW-10 Middle Courthouse Wash 9/10/2015 10:58:12am yes 4278058.596 623855.325 1214.753 Seine

CW-11 Begin Lower Courthouse Wash 4/16/2015 01:27:31pm yes 4275640.711 624065.052 1200.466 Electrofishing

CW-11 End Lower Courthouse Wash 4/16/2015 01:33:11pm yes 4275503.708 624003.808 1200.104 Electrofishing

CW-12 Lower Courthouse Wash 4/16/2015 12:30:31pm yes 4275289.042 624032.499 1197.451 Electrofishing

CW-13 Lower Courthouse Wash 4/16/2015 02:50:57pm yes 4274781.238 623657.302 1192.153 Electrofishing

CW-14 Lower Courthouse Wash 4/16/2015 02:44:33pm yes 4274688.075 623646.781 1189.605 Electrofishing

CW-15 Lower Courthouse Wash 4/16/2015 11:30:55am yes 4274572.837 623750.751 1188.958 Seine

CW-16 Lower Courthouse Wash 4/16/2015 11:13:43am yes 4274513.771 623757.67 1191.096 Electrofishing

CW-17 Lower Courthouse Wash 4/16/2015 10:41:14am yes 4274340.864 623634.738 1187.959 Electrofishing

CW-18 Lower Courthouse Wash 4/16/2015   no 4274298.448 623600.371 Electrofishing

CW-19 Lower Courthouse Wash 4/16/2015 10:05:16am yes 4274262.269 623509.726 1185.337 Electrofishing

CW-20 Lower Courthouse Wash 4/16/2015 09:40:57am yes 4274260.811 623364.22 1186.9 Electrofishing
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Crayfish

Site Sample Method

Sample 

Season

No Fish 

Captured

Roundtail 

Chub

Speckled 

Dace

Sand 

Shiner

Red 

Shiner

Fathead 

Minnow

Plains 

Killifish

Green 

Sunfish Bluegill

White 

Sucker

Common 

Carp

Black 

Bullhead

Bullfrog 

(Adult)

Bullfrog 

(Tadpole)

Northern 

Crayfish

SH-1 Composite 3MT, 3S Fall 308 417+hundreds

SH-2 MT Fall 1

CW-1 S Spring

x

CW-2 S Spring

x

CW-3 S Fall 49 22

CW-4 MT Fall 10

CW-5 S Fall 9 2

CW-6 MT Fall 62 3

CW-7 S Fall 26 3 3

CW-8 S Fall 35 18 62

CW-9 S Fall 25 1 18

CW-10 S Fall 1

CW-11 E Spring 2 1

CW-12 E Spring 127 2

CW-13 E Spring

x

CW-14 E Spring 2 2

CW-15 S Spring 20 23 28 1

CW-16 E Spring 1 1 1 2

CW-17 E Spring 26 27 29

CW-18 E Spring 1 2 1

CW-19 E Spring 1 11 30 13 2 1

CW-20 E Spring 2 1 4 1 5 1

TOTAL 1 129 60 83 76 1 528 2 3 7 1 5461+hundreds 89

Native Fish Non-native Fish Amphibians
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Crayfish

Site Sample Method Season

No Fish 

Captured

Roundtail 

Chub

Speckled 

Dace

Sand 

Shiner

Red 

Shiner

Fathead 

Minnow

Plains 

Killifish

Green 

Sunfish Bluegill

White 

Sucker

Common 

Carp

Black 

Bullhead

Bullfrog 

(Adult)

Bullfrog 

(Tadpole)

Northern 

Crayfish

FW-1 S Spring

x

SW-1 S Spring 5 8

SW-2 S Spring

x

SW-3 S Spring 1 45 4

SW-4 S Spring 4 127 1

SW-5 S Spring 53 46 1 19

SW-6 Composite 9MT, 1S Spring 36 9 1

SW-7 S Spring 1

SW-8 S Spring 9 70 4 8 6

SW-9 S Spring 8 1

SW-10 S Spring 44 8 9 91

SW-11 S Spring 2

SW-12 S Spring 1 30 18 8 66

SW-13 S Spring

x

SW-14 S Spring 80 29 4 18

SW-15 S Spring 98 68 4 27 1

SW-16 S Spring 16 17 11

SW-17 S Spring 1 2

TOTAL 0 3 279 320 207 231 70 0 0 0 9 1 0 0

Native Fish Non-native Fish Amphibians
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Arches NP Fish Survey 2015: Survey Areas
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Arches NP Fish Survey, Apr 14 2015: Upper Salt Wash
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Arches NP Fish Survey, Apr 14 2015: Upper Salt Wash
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Arches NP Fish Survey, Apr 15 2015: Lower Salt Wash
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Arches NP Fish Survey, Apr 15 2015: Lower Salt Wash
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Arches NP Fish Survey Sep 10 2015: Middle Courthouse Wash
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Arches NP Fish Survey, Sep 10 2015: Middle Courthouse Wash
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Arches NP Fish Survey, Apr 16 2015: Lower Cou
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Arches NP Fish Survey, Apr 16 2015: Lower Courthouse Wash
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Study Site Location Year Speckled Flannelmouth BlueheadFathead Plains Red Yellow Carp Largemouth Order Upstream

Dace sucker sucker minnow Killifish shiner bullhead Bass from Colorado River

Salt Wash

Conner C1 100 yd upstr Colorado 1983 15 47 10 22 9 65 3 7 1

Webb W10 300 ft upstr Colorado 1988 Present Present Present 1

Selby S1 Lower SW 1979 Present Present Present Present 2

Selby S2 Salt Spring 1979 Present 3

Conner C2 Salt Spring 1983 21 15 3

Webb W9 Salt Spring 1988 Present 3

Webb W8 SW 300 ft upstr from Salt Sprng 1988 Present 4

Webb W4 Wall spring August 13 1988 Present 5

Webb W5 Wall spring August 14 1988 Present 5

Webb W3 Upsstr Wall Spring South 1988 Present 6

Webb W2 Upsstr Wall Spring North 1988 Present Present 7

Conner C3 SW below Wolfe 1983 8

Conner C4 SW Road to DA  1983 2 98 8 1 9

Selby S3 SW at Wolfe Cabin 1979 Present Present 10

Webb W1  500 ft upstr above DA footbridge 1988 Present Present 11

Conner C5 SW 100ft below conf FW Canyon 1983 234 10 12

Selby S4 FW Canyon 1979 Present 13

Conner C6 SW 1 mile above conf FW Canyon 1983 422 132 14

Courthouse Wash

Conner C7 Pool at Gaging Station 1983 3 12 38 19 2 1

Native Fish Non-native Fish
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