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Presenter
Presentation Notes
the photo series of Bear Creek tributary to Crooked River, Oregon. To restore streams and riparian areas at the landscape scale we must work with the all the interests in the communities that are dependent on the resources produced by those areas. The following is a pictorial journey of natural stream recovery during all seasons of the year including droughts and floods with livestock grazing. 



Bear Creek, Oregon Aug 1977Bear Creek, Oregon Aug 1977

Bear Creek  May 1977Bear Creek  May 1977

Presenter
Presentation Notes
Bear Creek was grazed season long for 100+ years. The photo point is located at RM 4.75, elevation is 3500 feet, gradient is < 1%, soils are primarily sandy loam with inclusions of loam and clay loam, and vegetation along the channel is primarily upland species on the gravel/cobble bars and a mix of Kentucky bluegrass and baltic rush with some remnant sedges. Potential is willow/water birch/sedge/rush/grass. Precipitation is 11 inches per year with 80% coming from snow. In the 1950’s, the willows were sprayed under a Soil Conservation Service (SCS) program to reduce water use. In 1964, there was a 100+ year event (rain on snow December 24, 1964), the stream downcut, and by the time of this photo had eroded laterally and widened out. 



The livestock use in 1977 was 25 cows/calves for three months (June, July, Aug), or 75 animal unit months (AUMs). The vegetation is mostly upland species with some Baltic rush (dark green in center of picture). Uplands are dominated by basin big sagebrush and western juniper. Reference points for future photos are the plump juniper on the right and the snag on the left indicated by the red arrows. The management was changed initially to two years of rest, then followed by a late winter (mid Feb) to early spring (mid April) grazing system.



Bear Creek  May 1983Bear Creek  May 19836 years6 years

Presenter
Presentation Notes
Observed changes: The late winter/early spring grazing system is allowing plant communities to change to more sedge/rush (dark green vegetation along the edge). Sediments are being deposited in the residual vegetation (foreground) forming a floodplain for energy dissipation and water storage. Vertical bank on the left is starting to naturally lay back, and vegetation is establishing at the toe. Channel is narrowing. The juniper in the background at the base of the hill has been cut to improve perennial plant cover on that upland site. Reference tree and snag seen in the 1977 photo are also marked here with red arrows. 



Bear Creek  Aug 1986Bear Creek  Aug 19869 years9 years

Presenter
Presentation Notes
A floodplain continues to develop on both sides of the stream, and vegetation has changed to a more mesic (water loving) mix of plants that includes colonizers (brook grass), early stabilizers (spike rush), and high ranking stabilizers (Nebraska sedge, beaked sedge, small-fruit bulrush, three-square bulrush, some reed canarygrass). 



Bear Creek  June 1987Bear Creek  June 19879.8 years9.8 years

\

Presenter
Presentation Notes
A very localized high intensity thunderstorm event occurred on June 17, 1987 depositing a large amount of sediment on the floodplain. Stream segments one mile upstream didn’t even get out of their banks. Most of the sediment came for upland sites and cut banks in the channel. This photo shows two important things, one is the need to include uplands in management, and second the importance of vegetation in the riparian zone for capturing sediment and keeping it out of reservoirs. Upon seeing this photo, most people are depressed because of the common perception that “mud” is bad, and the deposit has degraded and set back recovery. However, this is the way streams function. During high flows, sediment is deposited to form a new floodplain, organic matter is buried which improves productivity and increases water storage. People must understand the importance of floods instead of being disgusted by the sight of deposition.



Bear Creek  Aug 1987Bear Creek  Aug 198710 years10 years

Presenter
Presentation Notes
Two months later, the buried vegetation in the previous photo is now beginning to grow up through and stabilize the newly deposited sediments with new roots and surface vegetation. This process of capturing and stabilizing sediments improves water quality, increases water retention, and aquifer recharge. 



Bear Creek  Oct 1988Bear Creek  Oct 198811 years11 years

Presenter
Presentation Notes
One year later, the effects of the flood are incorporated into the floodplain which is now capable of storing more water, producing more forage, dissipating more stream energy (because it is larger with more stabilizer type vegetation) than it was prior to the event. Floods are essential for stream recovery, but the systems must be in a functioning condition (usually Functional-at-risk or Proper Functioning Condition) to take advantage of the event.



Bear Creek  Aug 1993Bear Creek  Aug 199316 years16 years
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Presentation Notes
Droughts are also essential for stream recovery, especially in fine-grained alluvial channels with less than 2% gradient. As water tables drop, roots from rhizomatous vegetation follow the dropping water table and develop a mat under the channel bottom. The leaf matter produces food for increased root development to retard erosive forces of water.



Bear Creek  Nov 1995Bear Creek  Nov 199518 years18 years
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Presentation Notes
Beaver moved into this section and built a loose dam made from juniper limbs that they collected from the 1982 tree removal. The photo point is 100 feet up stream, but the photo was taken on the dam to show the effects of the water storage at the photo point. Beaver dams can be important hydrologic modifiers, however here they are not.  These low dams generally wash out with no deleterious effect during each years high flows, but during the summer can provide extra water storage.



Bear Creek  Feb 1996Bear Creek  Feb 199618.5 years18.5 years

Presenter
Presentation Notes
In February 1996 there was a rain-on-snow event that resulted in a 75 year flood. The high flows reached up to the uplands as evidenced by the Great Basin wildrye plant on the right side of the photo. The question is will the channel retain its dimension, pattern, and profile after the water recedes, and has the flood been a positive improvement in floodplain development? 



Bear Creek  April 1996Bear Creek  April 199618.7 years18.7 years

Presenter
Presentation Notes
Approximately two and a half months after the previous photo we can see remnants of the sediment deposited during the high flow which is already being visually obscured by vegetation colonizing and stabilizing the site. Beaver have moved back in attempting to re-establish their lost dam. Note the shape and width of the floodplain on both sides of the creek and the lack of the vertical banks that existed in 1977. The reference trees are indicated by red arrows in the background (plump tree and the snag). 



Bear Creek  Oct 1996Bear Creek  Oct 199619 years19 years

Presenter
Presentation Notes
After the summer growing season the beaver dam is still intact and providing some water storage. The banks are now fully vegetated and ready for the next flood event. 



Bear Creek  Sept 1997Bear Creek  Sept 199720 years20 years
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Presentation Notes
In September of 1997 a moderate event brought sediment into the system, but was not large enough to lay down the vegetation. These small events are important for helping to shape the channel. 



Bear Creek  Dec. 2000Bear Creek  Dec. 200022.5 years22.5 years

Presenter
Presentation Notes
As the channel narrows, vegetation communities increase, floodplains develop, and water storage increases and there are corresponding changes in the aquatic thermal environment both in the summer and in winter. The temperature the day this picture was taken was 15 degrees Fahrenheit, yet no ice was seen in the stream. Water stored in the banks is warmer and the insulation of the standing vegetation ameliorates the temperature fluctuations. This reduces the diurnal temperature fluctuations and helps maintain cooler temperatures in the summer and warmer temperatures in the winter. 





Bear Creek  July 2001Bear Creek  July 200124 years24 years
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Presentation Notes
2001 was the beginning of four years of drought. Droughts are just as important as floods for recovery of alluvial stream systems. Notice how the vegetation grows into the channel seeking out the lowering water table. The roots from these plants form a resistance layer that retards excessive erosion of both the banks and the bed during high flows. 



Bear Creek  July 2002Bear Creek  July 200225 years25 years
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Presentation Notes
The drought continued in 2002.



Bear Creek  May 2003Bear Creek  May 200326 years26 years
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Presentation Notes
The drought continued in 2003, and by May water levels were at July type low flows. However, the channel is now well vegetated and will be more resistant to excessive erosion from the next high flow event. 



Bear Creek  March 2004Bear Creek  March 200427 years27 years

Presenter
Presentation Notes
In March 2004 there was a large precipitation event in Bear Creek catchment/watershed. The photo point is up stream approximately 150 feet above the pasture division fence. The flood flows were once again in upland vegetation on both banks. The shrubby vegetation on the terrace is basin big sagebrush. Photo was taken from a high vantage point to get a better perspective of the size of the flow. The reference trees are easily visible and marked with red arrows.



Bear Creek  May 2004Bear Creek  May 200427 years27 years

Presenter
Presentation Notes
In May of 2004 flows were still above bankfull and snow pack dwindled fast. No evidence of any excessive erosion/downcutting occurred from this event.



Bear Creek May 2004Bear Creek May 200427 years27 years
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Presentation Notes
Approximately two inches of sediment was deposited at the photo point, and riparian/wetland vegetation is seen re-colonizing the captured sediments.



27 years27 years Bear Creek July 2004Bear Creek July 2004
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Presentation Notes
On July 19, 2004 a heavy thunderstorm dumped several inches of rain in a short time. A dam was formed across Bear Creek at the junction of an ephemeral channel downstream of the photo point, which backed up water forming a small lake inundating over ¼ mile of the stream including the photo point.



27 years27 years Bear Creek July 2004Bear Creek July 2004
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The photo point is now under approximately three and a half feet of water. 



27.9 years                 Bear Creek April 200527.9 years                 Bear Creek April 2005
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Presentation Notes
The dam is still intact.



27.9 years                    Bear Creek April 200527.9 years                    Bear Creek April 2005

Presenter
Presentation Notes
Looking upstream from left of the photo point. Exact point is 20 feet to the right and under 3+ feet of water. Note plump tree and snag in the background. Reed canarygrass once established can survive prolonged flooding.



27.9 years               Bear Creek April 200527.9 years               Bear Creek April 2005

Presenter
Presentation Notes
This photo is along the cross-section marked by the red line. The original photo point is between the two clumps of reed canarygrass in front of the stake. These grass patches are located on the two banks of the stream channel before inundation. 



29 years                  Bear Creek August 200629 years                  Bear Creek August 2006
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Presentation Notes
In the spring of 2006, the dam washed out and re-created a flowing water stream at the cross-section. 



Over the last 30 years major floods and droughts, and then a lake, had a large influence on the development of this stream reach. The recovery in this reach was driven by natural events while still continuing livestock grazing. The management allowed the functional processes and interaction of soil water and vegetation to occur.  Events that are generally considered negatives in stream/riparian restoration became positive events in the recovery. It should be mentioned that no vegetation was planted.



30 years              Bear Creek May 200730 years              Bear Creek May 2007

Presenter
Presentation Notes
After 30 years the stream is still repeating the processes that are timeless. Some sediment was captured with the spring runoff but by May the vegetation was well developed. Notice the flows and sediment were not enough to cover and/or remove all of the remnant vegetation. 



The following slides depict the measured changes over time since 1997.  They are only provided in case the presenter wants to show some of the quantifiable data associated with the qualitative observations in the presentation.
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Presenter
Presentation Notes
Since 1977, approximately 1-2 feet of sediment has been captured which has raised the bottom of the channel and the floodplain. This keeps the sediment on the land instead of filling up an irrigation reservoir downstream, and creates more pore space to hold water that infiltrates into the soil during high flow events.
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Difference in Air & Water TemperaturesDifference in Air & Water Temperatures

Bear Creek Bear Creek -- Central OregonCentral Oregon
19761976
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Presentation Notes
In 1977 - Red is air, blue is water, and purple is the difference.  Notice that these temperatures fluctuate from day to day and show varied correlation between the two.
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Bear Creek Bear Creek -- Central OregonCentral Oregon
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Presenter
Presentation Notes
In 1998, maximum water temperatures (blue lines) no longer wildly fluctuate up and down with changes in air temperature (red line), but had become flattened. The flat line on the air (red line) in early August is due to the 100 degree F upper limits of the thermograph. The difference between the water and air (purple line) now resembled the fluctuation in the air temperature and not the water. However, on some days the maximum August temperature is above 64 degrees F and does not meet OR Department of Environmental Quality Water Quality Standards for trout. The important point is the trend has been upward for 30 years and temperatures, along with other value based goals, will continue to improve over time. The point is not that we haven’t achieved our goal for fish, but that we have a steady improvement through the restoration of stream function.



Bear Creek (3.5 Miles)

Data from C. Rasmussen (1996) and W. Elmore 

1978 1994
Riparian 
Area

3.8 acres 12 acres

Bank 
Erosion

12,448 feet 799 feet

Water 
Storage

500,000 
gal/mi

2,096,000 
gal/mi

Production 200 lbs/acre 2000 lbs/acre

Presenter
Presentation Notes
Additional data: AUMs increased from 75 AUM’s in 1977 (25 cows for three months-June, July, August) to 250 AUMs during February, March and April in 1994.



The plots have not been clipped since 1994, but professors from Oregon State University Range Science Department estimate that production is now over 3,000 pounds per acre and bank erosion is less than 100 feet.
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Presenter
Presentation Notes
Stream function is all about is keeping water on the land longer.  Part of that water storage comes from organic matter in the soil.  As the graph shows, if you add 5% organic matter to 100 lbs of soil, you increase its water holding capacity to 195 pounds of water, up from 33 pounds of water with 1% organic matter.



May 1977May 1977 May 2007May 2007
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Presentation Notes
Remember what it looked like back in 1977?  Bear Creek has changed and will continue to change as long as the management continues to be compatible with the processes and functions of the stream and the associated uplands. The entire catchment/watershed including adjoining ownerships must be included in the overall plan for restoration. No other landscape feature connects ecosystems and people as streams and riparian areas.
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