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Editor’s note:  This working draft paper is designed to be a tool for use by field biologists working with Columbia spotted frog (Rana luteiventris) in Oregon. It is not intended to be direction for field units to use, rather it is intended to provide ideas and thoughts used by some field personnel when implementing projects designed to benefit the Columbia spotted frog.  It is expected that this document will be updated as new information is gathered from habitat improvement projects in Columbia spotted frog habitat. 

Habitats for Columbia spotted frog have been greatly modified since western civilization’s settlement of Oregon, Washington, Nevada, and Idaho. Historic higher quality habitat has mostly been destroyed or modified, whether through alterations to hydrology or infestation of non-native species. Columbia spotted frogs are largely limited to these modified habitats, which may represent marginal habitats when compared to the few relict natural locations.  Our knowledge of habitat and habitat enhancement techniques is mainly based on actions and populations within these previously modified habitats. It is not well known how different populations, perhaps in more pristine habitats, might respond to enhancement projects that have been tested only in previously modified habitats. Caution is therefore urged when assessing the need for potential habitat enhancement projects in more pristine habitats.
INTRODUCTION
This paper describes habitat manipulations that may be used to improve and increase Columbia spotted frog habitat on the east side of the Cascades in Oregon. All of these habitat enhancements have been implemented on the ground on the Malheur, Ochoco National Forests or the Prineville District of BLM sometime in the past; however, most of these actions were undertaken for reasons other than the improvement or creation of Columbia spotted frog habitat improvement. It is hoped that the types of actions listed here will be tested and used to improve Columbia spotted frog habitat in conjunction with adaptive management strategies that will monitor and refine the methods, and make them more effective. It is also hoped that additional actions or results will be added to this white paper, so that a permanent record will exist and be available for wildlife biologists to use as a guide in the management of the Columbia spotted frog, as well as a starting point for habitat improvement for other species. 
CREATION OF COLUMBIA SPOTTED FROG HABITAT:

The life cycle of the Columbia spotted frog centers around permanent pool habitats. Columbia spotted frogs use pools for breeding, overwintering, feeding and escape from predators.  Prime habitat usually includes more open riparian areas, along a stream or around a pond with permanent water, in slow moving areas such as sloughs or oxbows.  These areas should have  mud bottoms deep enough for overwintering, and emergent vegetation along the wetted margin, where spotted frogs can wait to ambush prey while remaining hidden from predators. The stream or pond banks are often vegetated with sedges, rushes, grasses and forbs, with small bare areas at the water’s edge where the frogs can sun themselves and still remain relatively hidden. There are various methods to encourage the development of such habitat. Among the methods, the creation of permanent pool habitat is perhaps the most important. The following is a summary of methods and observations provided primarily by Jim David of the Ochoco National Forest.

Stream Structures: Various stream structures can be used to create pool habitat. Older methods included porous or non-porous dams made from a variety of marerials ranging from logs, to loose rocks and gabions, to concrete.  Often these structures failed due to inappropriate geometries.  Newer methods include upstream crossvanes of rock and or wood, sometimes in combination.  These upstream V structures are installed with a 20 to 30 degree to the streambank.  . These type of crossvanes serve as grade control and help raise water tables.  Flow is concentrated at the apex of the crossvane to help maintain pool depth.

Where they have been used in low gradient streams, nearby spotted frog populations can benefit temporarily even if the structure fails.  For example, a number of gabion structures were put in during the mid-1980s to raise the water table and curtail down-cutting on Camp Creek, south and east of the Maury Mountains. The reach between two such structures that are approximately ¼ mile apart has been monitored by Rick Demmer of the Bureau of Land Management since 1992. The upper structure has remained intact. The lower structure remains intact but the stream channel cut around one end. This was not the intent of the design of the structure; however the result met the intent as the stream was more sinuous and thus stream flow was slowed and stream down-cutting reduced.  Spotted frogs were present within this reach from the beginning of the project. Initially populations rose as the stream slowed and spread, creating side-channels, sloughs and shallow marshes. The adjacent riparian habitat was in low seral condition; it was open with scattered pools that were good for breeding and over-wintering. Additionally, beavers built dams in the reach creating more pool habitat that was extensively used by the frogs. Over a period of about 20 years the reach between the gabions has become deeper and narrower and much of the side-channel and slough habitat has disappeared. Spotted frogs are now scarce within the reach except where beaver dams are consistently present. 

An example of stream structures benefiting spotted frogs was also seen on Sawmill Creek (now part of the Malheur National Forest, but was within the Snow Mountain District of the Ochoco National Forest when the structures were placed). Loose rock check dams were keyed into both banks and not built as high in the channel as along the edges.  In addition extra rock was left on site so the height could be raised as the base level increased, and grazing was also excluded for more than 10 years. The rationale for these actions was to raise the water table gradually.  Beavers also built on top of the structure creating a synergistic effect which helped recover the lower part of this system dramatically. Personal observations by Jim David, Ochoco National Forest, have indicated that Columbia spotted frog populations in these reaches of Sawmill Creek have increased in the last 20 years.
Excavation:  Pools can be excavated as part of stream rehabilitation work, as in the construction of cross vanes, floodplain ponds or artificial oxbows.  This type of work has been accomplished with tracked excavators, backhoes or spyder backhoes.  Irrigation diversions (which are also excavations) can also result in seasonal aquatic habitat and, where pools remain when the diversion is shut down for the season, may also result in breeding and over-wintering habitat (See Appendix A).

During the 1980s and 1990s on William’s Prairie, ponds were excavated and the soil was used in conjunction with rocks to build dams to stop head-cutting. The main channel was re-engineered so that the majority of the flow went around the ponds so that they were more like ox-bows or sloughs than part of the main channel. These ponds were heavily colonized by Columbia spotted frogs, tree frogs (Hyla regilla) and Long toed salamanders (Ambystoma macrodactylum) the following spring.  Through 2008, populations of these three species have remained healthy.
Explosives: Explosives are another tool which have been used to create upland ponds (largely), or to remove sediment from upland ponds to maintain live water for various wildlife objectives.  Using explosives can be cheaper and more efficient than excavation, especially in remote locations where it is difficult to bring in equipment. Explosives can also be used to blast down riparian trees with rootwads attached, to create additional pool habitat and cover.  The root wads act as anchors and often keep the tree in place to interact with stream flow. This in turn can create scour pools and provide cover for amphibians and fish.  

Blasted ponds within a cattle exclosure along Drake Creek were found to be used heavily by Columbia spotted frogs especially 3 to 4 years after construction. 

Beaver Ponds: Beaver Ponds often provide excellent Columbia spotted frog habitat.  Beavers produce ponds that often contain all the attributes needed by spotted frogs to feed, breed and overwinter. In some cases though, beaver ponds alone cannot provide adequate habitat for Columbia spotted frogs. Since beavers build in a variety of habitats, including along densely vegetated streams, there may not be the open low vegetation necessary for spotted frogs to obtain food or access to sunny stream banks. 
It is presumed that where beavers are protected, populations of spotted frogs in the area will benefit by the ponds and the canopy openings that beavers create. Beaver trapping has been banned on Ochoco National Forest lands (since 1992) in an attempt to help increase beaver numbers and to help marginal populations to survive. 

Beaver Re-introduction: For successful beaver reintroduction, suitable habitat must be present in the form of hardwoods for food and building material.  If suitable habitat is not present in the location desired for beaver reintroduction, then a commitment to artificially provide this material imported from other sources is necessary.  Over the years, the Ochoco National Forest has  re-introduced beavers or augmented existing populations largely by trapping problem beavers on private agricultural ground. The success of these efforts has been mixed with poor success in areas limited in hardwoods. 
Outside of the National Forests some of the best Columbia spotted frog habitat in central Oregon is found along major tributaries to the upper Crooked River. There are usually very few woody riparian species along these water courses, and beavers regularly build dams with juniper and sagebrush.   Re-introduction in this area is difficult because the beavers tend to move around to find the best available habitat before building dams, which can create conflcits due to the patchwork pattern of public and private lands involved. 

Other examples: See Table 1 below for a summary of Columbia spotted frog habitat enhancement and creation methods, their uses, advantages and disadvantages. 
APPENDICES

Appendix A provides additional descriptions and definitions of some stream structures, as well as pond and fen habitats. 
Appendix B identifies locations on the Ochoco and Malheur National Forests where some of the features and structures mentioned in this paper can be seen. This is not an exhaustive listing, but provides interested parties an opportunity to see some of these examples up close. 

Table 1. Columbia Spotted Frog Habitat Creation and Rehabilitation Methods used on the Malheur and Ochoco National Forests
	Method
	Uses
	Advantages
	Disadvantages
	Comments

	Cross channel Structures

1. Gabians

2. Check dams (rock or earthen)

3. Concrete dams

4. Crossvanes  (upstream V structrures of rock or wood
	1. Can be used to create pools and side-channels that could be used by breeding and over-wintering CFS.

2. Can produce shallow marshes adjacent to a creek that can be used by juveniles. 

3. Can capture silt to help create sloughs and more lentic habitat that will encourage emergent vegetation for cover and for breeding and overwintering.

4. Crossvanes serve as grade control structures and help maintain pool habitat immediately downstream by concentrating hydraulic energy to keep pools clean.
	1. Usually the fastest way to make big changes in stream habitat. The main effect is to help raise water tables.
2. Crossvanes help reduce bank erosion and maintain pool habitats..
	1. Cross channel structures are expensive.

2. Can create other problems such as barriers to fish migration.

3. Very often fail if not designed properly.  The use of geotextile is very often a requirement for success.
	Camp Creek, tributary to Crooked River, is an example where this method has succeeded although the gabians were placed not for CFS habitat improvement but to allow overall improvement in the creek mainly by reducing erosion and sediment loss.

	Channel Modifications

1. Reconfiguration

2. Boulder or wood addition

3. J hooks of rock and/or wood.
	1. Can be used to restore sinuosity thereby slowing stream velocity.

2. Can be used to prevent erosion and capture sediment thereby raising the streambed and spreading and slowing flow.

3. Can capture silt to help create sloughs and more lentic habitat that will encourage emergent vegetation for cover and for breeding and overwintering.

4. J hook structures are used to decrease near bank water velocities to decrease erosion and increase nearbank habitats.
	1. Changes are more incremental than with cross channel structures.

2. Are usually less expensive than channel structures.

3. They don’t create barriers to fish migration.

4. Provide protection for banks and control erosion if used correctly and in the right numbers.
	1. Sometimes fail to accomplish the intended results.

2. Results are slower in coming than with cross channel structures.

3. Need to be built with excators or spyder backhoes with proper design.
	

	Pond Creation

1. Excavation

2. Blasting

3. Pond sealing
	1. Can be used to create ponds in wet meadows that are too shallow to have breeding or over-wintering sites.

2. Can be used to produce permanent water in areas adjacent to CFS populations in creeks that are threatened by predatory fish.
	1. An excellent way to produce lentic habitat.

2. Ponds can be made near streams without making them accessible to predatory fish.
	1. After formation of the pond it may take several years for habitat to evolve.
	

	Beaver Reintroduction
	1. Can be used to restore habitat in a way similar to that of cross channel structures but with more natural and diverse results.
	1. Beaver introduction is not as expensive as most artificial methods of habitat improvement.

2. Habitats created by beavers are complex and include aspects of all the above methods.
	1. Sometimes beavers do not stay in the desired location.

2. They may be killed by predators, hunted or trapped out before they establish a viable population.

3. Reintroduction may not succeed where beaver food and building materials are scarce.
	Although beavers prefer habitat with a significant amount of willow, aspen, cottonwood etc. there are plenty of examples of beaver populations persisting in habitats without woody riparian vegetation and building dams out of sagebrush, grass, rocks and other materials that are present. The question is if beavers are reintroduced into a situation of scarce materials will they stay and use what is available or leave in search of a better location. 

Supplemental supplies of suitably sized hardwood material may be used to provide adequate building material and winter food.

	Livestock Grazing
	1. Cattle can be used to maintain the low, open vegetation conditions that CFS prefer.
	1. This is a method that can be used in conjunction with any of the above methods to improve or create habitat.

2. Has the advantage of being compatible with proper grazing management techniques and is more likely to be accepted by some than eliminating grazing.
	1. Can be overdone.

2. Grazing may improve CFS habitat but decrease habitat for other fish, wildlife and plant species.
	This method is understandably controversial and not yet thoroughly researched.

	Irrigation modifications
	1. Can be used to mitigate the removal of water from CFS stream habitat.

2. Can be used to create habitat without predatory fish.

3. Can be used to create perennial pool habitat in some locations.
	1. May be compatible with uses of water for agriculture.
	1. Must be approved by watermasters and waterrights holders.

2. Irrigation is seasonal and it may be impossible to create any significant amount of year-round habitat.

3. Diverting water primarily for CFS habitat would probably conflict with instream uses in many if not most cases.
	Although there are a number of places where CFS habitat has been inadvertently created within irrigation networks, the deliberate modification of these networks to accommodate CFS may not be possible in most cases. 

	Introduced predator removal
	1. Can be used where 

bullfrogs, bullheads or bass  are present to eliminate unnatural pressure on the spotted frog populations.
	1. This can allow spotted 
frog populations to increase where introduced predators are a limiting factor.
	1. It is difficult to remove 

all of the introduced predators, especially bullfrogs.

2. The introduced predator

 will probably reinvade the habitat.
	It is desirable to remove bullfrogs from aquatic habitat where possible. Bullfrogs eat more than spotted frogs; they eat anything they can catch including snakes, small mammals and birds.


APPENDIX A:  DESCRIPTIONS OF STREAM STRUCTURES AND POND AND FEN WATER FEATURES
STREAM STRUCTURES

Cross Channel Logs:  (Older structures from the 1980’s and 90’s).  These were used on numerous creeks throughout the Ochoco National Forest (ONF) with varying degrees of success.  On Trout Creek, on the north slope, there is a good representation of these structures.  Allen Creek also has many of these types of structures.  Often these structures increased the width-depth ratios but did provide more pool habitat.  Fish passage over the bigger logs in low flows was a concern, but notched logs provide some lower heights for low flow passage. These structures often subbed out with the water going beneath the logs.  [A successful retrofit of these types of structures entails adding rock triangle weirs to both ends of the log structure which is then left intact. The top gradient of the triangle weirs slopes in to the center of the stream as well as downstream..  Steve Strickland, Spyder Backhoe Operator and Stream Structure Specialist, personal communication, 2007. Also, personal observation (Jim David)of these type of retrofits on McKay Ck, ONF, 2007 and Wolf Ck, Malheur NF, 2007.  During old shocking surveys for fish population/species count,s these types of pools often had Columbia spotted frog.] These type of structures are no longer recommended  due to high rates of failure and increases in width depth ratios.

Upstream Logs:  (1990’s), Instead of cross placement, logs are often dug in and placed with lowered top grade and 20 to 30 degree angle to bank.  These are used as side vanes, parts of J hooks and upstream cross vanes.

Cross Vanes:  upstream Vs with rock or logs, often used with geotextile, low top gradients and 20 to 30 degree angle to banks.  Good for grade control.  These structures are very successfully used to create and maintain pool habitats. (see notes on McKay and Mill Creeks, Lookout Mountain District in Appendix B)

J Hooks:  built of rock, logs, or combinations thereof.  Good for reducing bank erosion and maintaining pools via scour.  J hooks have low top gradients and 20 to 30 degree angle to banks.

Rootwads: these structures are often placed in conjunction with crossvanes and j-hooks to provide habitat complexity.  Marks Creek is a good example were small trees were bundled and buried with rootwads sticking out of the bank in the sides of pools in 1998.  Columbis spotted frog presence has increased in these areas. (J. David, pers obs) 

PONDS
Spring Fed:  Ponds which are spring fed such as Younger Springs on Happy Camp Creek can provide important habitat especially when associated with wet meadows containing fens.  

Ephemeral:  These are often just pushup ponds in dry washes or class II and IV streams.  Often they do not provide suitable Columbia spotted frog habitat as they dry out too soon.  Upper Wiley Creek in the Maury Mountains has some off channel ephemeral ponds which are periodically used for CSF breeding.

Channel Fed with diversions/overflow channels: These can be important off channel habitats for Columbia spotted frogs.   
Beaver Ponds:   Usually near or in perennial streams on floodplains.  Depend on beaver presence for maintenance and function.  Grey Prairie on the Lookout Mountain District is a good example of beaver ponds which can increase Columbia spotted frog occurrence.  With heavier grazing by cattle on the willow component and physical trampling of the dams, these ponds often fail.  If the beaver have bigger diameter hardwood material to work with, the dams would be able to withstand more trampling.

FENS
 (Spaghnum/Moss and Organic Matter Accumulations with upwelling of water or areas of episaturation. Not a constructed feature but important to preserve and maintain, many small fens occur throughout the ONF and MNF.)
Fens are very limited in distribution throughout the Ochoco and Malheur National Forests.  The largest fen on the ONF is located at Williams Prairie, approximately 5 acres.  These features can be very important to overwintering Columbia spotted frogs because they don’t freeze solid (continuous flow) and carry oxygenated water to frogs immersed in the fen. (Bull, 2005
Wet Meadow Fens:  

Often in large meadow complexes (Williams Prairie, Lookout Mountain District ; on the  Upper North Fork of the Crooked River and Squaw Meadows on the Paulina District)

Terrace Fens along Perennial and Ephemeral Streams:  On Ochoco National Forest, occur on streams such as Mill and McKay Creek.  Often present as raised wet boggy areas.  Also Emigrant, Dairy and Sawmill Creeks on Malhuer NF.

Bull, E; 2005; Ecology of the Columbia Spotted Frog in Northeastern Oregon; USDA Forest Service, Pacific Northwest Experiment Station, General Technical Report, PNW-GTR-640.

APPENDIX B: LOCATIONS FOR VIEWING PAST STRUCTURES/PROJECTS
OCHOCO NATIONAL FOREST

LOOKOUT MOUNTAIN DISTRICT:

MAURY MOUNTAINS: 


Wildcat Creek – rock step pool structures

Double Cabin Creek- rock step pool structures, log structures, some problems with punctured/ripped geotextile.  Few amphibians observed in Double Cabin Creek, possibly due to large population of crayfish (may be an introduced species).

Double Cabin Pond- A created pond.no amphibians (no egg masses, larvae or adults) observed in 18 years due to large population of small mouthed bass. [J. David, pers. Obs.]

Newsome Creek – gully plugs and rock cascades


Gibson Creek – gully plugs

Klootchman Creek – chicken wire and posts for sediment traps in upper creek, combination drop structures incorporating old beaver dams and rock in lower portion.

Camp Creek – gabions, failed concrete cross checks, beaver dams.  

West Shotgun Creek:  failed headcut repair due to no geotextile.


Sherwood Creek:  old wooden flume on old headcut, made of planks. This was an older 


technique to armor headcuts against further upstream expansion.
Drake Creek Ponds:  blasted ponds for wildlife with cattle exclosure.  Used heavily especially 3 to 4 years after construction. Needs recent monitoring to look at use and occurrence of CSF.  Within wet meadow complex which provides over-wintering habitat.

NORTH FORK CROOKED RIVER:

(above Lower and Upper Falls) Columbia spotted frogs (adults) observed in all reaches surveyed in 2005 during Proper Functioning Condition survey.  (J. David, pers. Obs.,  no small mouth bass present in this section of river but present in reaches below falls). Upper and Lower Falls on the North Fork Crooked River serve as natural fish barriers that limit the movement of bass in the Upper North Fork.
McKAY CREEK:

Columbia spotted frogs observed in pool habitats provided by cross vanes and side vanes of wood and/or rock construction. (B. Franano, personal communication, 2007)

MAIN STEM MILL CREEK:  

In stream pool habitat associated with cross vane, side vane and root wad structures of 1998 vintage (P.Fisher, J.Corbova, project designer/implementation) are being used heavily by CSF (J.David, personal observation).

WEST FORK MILL CREEK:  

Log head cut structures (upstream keyed in V structures),  high drop elevations, illustrates difficulty and raises questions of feasibility of repairing some of these areas.

WILLIAMS PRAIRIE:  

1500 foot gully formed into ponds with combination dams and earthen plugs.  Built in conjunction with redesigned channel. These ponds have become quite productive for breeding Columbia spotted frogs.

DUNCAN CREEK- PVT:  need to ask permission for access 

2 Ditch Diversion Structures:  both with proportional weir design,  one with a rock step pool sequence.

MARKS CREEK DIVERSION: PVT;[ next to HWY 26]

Rock Step Pool Structure:  Built to back up old diversion through culvert under road and then back through to feed need headgate and fish wheel.

McGINNIS CREEK:  

Rock Step Pool Sequence off of HWY 26. Long step pool sequence (14 pools)

PAULINA DISTRICT: 

Derr Meadows:  failed step pool structure, inadequate footing and did not use geotextile
Timothy Meadows:  older repair of large headcut (30 feet wide X 60 feet long X 10 foot deep, repaired with rock step pools and geotextile.

Little Summit Creek Tribs on 400 and 600 roads to east of Timothy Meadows:  6 foot headcuts with wide fronts working up into wet meadows formed by beaver. Step pools and cross vanes created from rock and wood along with geotextile.

Wolf Creek:   ditch diversion structure which was also headcut.  Proportional weir put in with rock step pool structure.

Younger Spring: (on eastern tributary of Happy Camp Creek); man-made pond just below spring for livestock and road watering.  Some of the only suitable habitat left in this area and one of the highest elevation populations of CSF.  Appears to be fairly stable based on almost two decades of visual and kick net surveys for Columbia spotted frog.

SOUTH FORK BEAVER CREEK ON PVT:   need to ask permission for access.


Loose Rock Upstream Crossvanes.

MALHEUR NATIONAL FOREST:

EMIGRANT CREEK DISTRICT:

Lower Sawmill Creek:  good area to see synergystic effects of loose rock check dams and beaver.  Good recovery of sedge marsh conditions. Good populations of CSF.  Some episaturated fen type areas in the vicinity.

Dairy Creek:  Good populations of CSF.  Many springs and episaturated areas on high terrace.

Claw Creek:  example of large head cut step pool sequence created to save wet meadow complex above headcut.  (E. Crook/ R.Vetter, J.David, project leads and technical advisor)

Crowsfoot Creek:  long term study site for Fred Hall, Senior Ecologist, Ret-USFS.  Documented beaver dynamics and effect on vegetation. (Emigrant Creek Cattle Allotment: Lessons from 30 Years of Photomonitoring).  CSF documented at this site, slower growing than lower populations as this is at higher altitude and colder. (J.David, pers. Obs, 1995-6)

Silvies River:  Good reference area to see tree blasting with root wads attached. (R. Vetter, J. David, project lead and project blaster)  These have provided fish habitat in the form of cover, structure and scour pools. 
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