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• The answer to all things environmental is “It Depends.”

• To find answers and define solutions, we need to know the problem

• Solution to nonpoint source (NPS) pollution is managing for ecosystem function.
• Look for the cause, solve the problem not the symptom
• Management for stream and wetland riparian functions

• Need partners, the communities, within the watershed to solve the problem

• However, if the knee jerk reaction to a problem is using regulatory authority, than 
the solution will allude us (i.e., treating the symptom).

• http://www.lakeeriewaterkeeper.org/wp-content/uploads/2012/04/lew-conf-lake-erie-
hess.pdf

Ecosystem Functions: Answers and Solutions



For example: Toledo, OH, and Lake Erie
What is the problem? Need to reduce sediment and nutrient 
loads to curb algal blooms (cyanobacteria)

USDA Image, April, 2006 USDA Image, May, 2012

Presenter
Presentation Notes
What are some of City of Toledo’s solutions:1. Post an advisory - http://www.toledoblade.com/local/2014/08/02/City-of-Toledo-issues-do-no-drink-water-advisery.html2. Construction/engineer a solution - http://www.toledoblade.com/local/2014/09/07/Before-toxic-algae-Lake-Erie-was-solution-to-looming-crisis.html; 3. Ask farmers to reduce the use of phosphorus. More research. However, none of it on how to improve ecosystem functions to increase bioremediation, and reduce the use and escape of nutrients off agriculture fields http://www.lakeeriewaterkeeper.org/wp-content/uploads/2012/04/lew-conf-lake-erie-hess.pdf



What is the problem?
Answers and Solutions: Ecosystem Function

USDA Image, April, 2006 USDA Image, May, 2012

Potential? Swamp with a network of forests, wetlands, and grasslands
Hydrology? Nineteenth century settlers drained the swamp and converted to farmland
Vegetation? Obligate and facultative wetland plant communities (sedges, rushes, etc.)
Soil and Landform? Hydric soils, low lying proglacial karst topography

Presenter
Presentation Notes
Potential - The Maumee River watershed was once part of the Great Black Swamp, a remnant of Glacial Lake Maumee, the proglacial ancestor of Lake Erie. The 1,500-square-mile (3,900 km2) swamp was a vast network of forests, wetlands, and grasslands. During the nineteenth century, settlers struggled to drain the swamp and to convert the land to farmland. Wikipedia.See USGS research proposals at http://www.glsc.usgs.gov/remediation-revitalization



Introduction

•Drinking Water

•Ecosystem Function

•Cyanobacteria

•Case Studies

•Solutions 

•Conclusion



Drinking Water

• What are we most worried about quality, quantity?
• How do we get Quality and Quantity?
• What are the sources – groundwater, surface water, treated?
• What makes New York City’s drinking water economical both in 

quality and quantity?

Answer can be summed up:
“Riparian functions keep water on the land longer, reduce flood and 
drought effects, improve water quality, enhance forage and habitats, 
and focus monitoring for management.” Sherman Swanson, UNR



Drinking Water

“Riparian functions keep water on the land longer (quantity), reduce 
flood and drought effects (sequesters nutrients and other pollutants, 
excess sediment – see Toledo, OH), improve water quality, enhance 
forage and habitats, and focus monitoring for management (‘the’ 
solution, which can also be written as ‘focus of adaptive 
management’).” 
Sherman Swanson, UNR  One smart dude



Ecosystem Function

• Stream and wetland riparian function
• Proper Functioning Condition (PFC)

•Potential
• Indicators

• Drivers of Ecosystem Function – Vegetation, hydrology, soil 
and landform

• Response – sediment, nitrogen (N), phosphorus (P)



Stream food web from Nakano, et al., 1999.

Stream and wetland riparian functions integrate the relationships between species, 
their habitats and fostering ecosystem resilience, which is critical to resilience – i.e., 
ensuring long-term sustainability. 

These relationships are dependent on the drivers of ecological function – vegetation, 
hydrology, soil and landform

Presenter
Presentation Notes
Why is all this important?This knowledge is very important in identifying and describing the ecosystems potential.  



Presenter
Presentation Notes
Although definitions abound, riparian areas are noticeable by their distinct vegetation found in areas where water flows or collects. This riparian vegetation is an important habitat and very important to the quality of the aquatic habitat and water quality. 



Understand Attributes, Processes & Potential to 
Determine Functionality, Risks, Needs, Management, 

and Monitoring

Proper Functioning Condition (PFC)

Presenter
Presentation Notes
As one person or a team of people observe a stream or riparian area, their ability to observe and understand attributes, in order to learn about processes can create an understanding of potential.Potential is the best a riparian area can become through self healing without social, economic, or political constraints. Determining potential informs assessors about what functions are needed and relevant here so they can assess Functionality. Because physical functions identify risks, The needs of an area can inform management, and monitoring



Potential
• Highest ecological status a riparian area can attain 

given no political, social or economic constraints



NATURAL RIPARIAN RESOURCES

Presenter
Presentation Notes
Those of you familiar with a three legged stool will soon grasp the fact that a failure in any one of these legs would soon lead to a fall. Vegetation in a riparian area grow there because of the water and the soil that stores water and nutrients.  The roots of those plants bind that soil into an armored structure that defines the channel or shore and the shade and debris from the vegetation further modifies the water environment.  Riparian soils were generally carried in by flowing water, meaning they could be eroded away by flowing water were it not for the plants and the land forms that buffer those forces.  The soils provide a very effective storage vessel for seasonal or occasional water and nutrients carried in by water.  Yet saturation changes soil chemistry, making it suitable for riparian plants.



PROPER FUNCTIONING CONDITION –
DEFINITION

• RIPARIAN-WETLAND areas are functioning properly when 
adequate vegetation, landform, or large woody debris is 
present to:

• Dissipate STREAM ENGERGY associated with high flows
• Filter SEDIMENT and CAPTURE BED LOAD
• Aid FLOODPLAIN DEVELOPMENT
• Improve FLOOD WATER RETENTION and GROUNDWATER 

RECHARGE
• Stabilize  STREAMBANKS

Presenter
Presentation Notes
The definition of PFC gets to the heart of the assessment process and we will keep referring to it.



Degradation Rates
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Presenter
Presentation Notes
This graph and Slide 16, present information of interest when choosing appropriate indicators.  This graph doesn’t depict data from any one particular place but rather represents a compilation of the experience of Erv Cowley of the BLM Idaho State Office and several colleagues.  As such, the time frames are general rather than specific but they are pretty close.  Stream and wetland degradation rates show a pattern where vegetation degrades first followed by channel morphology and water quality. 



Recovery Rates
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Presenter
Presentation Notes
Notice that if our management is going to be successful then herbaceous vegetation should begin showing an upward trend in about 3-5 years.  Woody vegetation, if within the site potential, should begin to show an upward trend in 5 – 15 years.  The slower responding channel features and water quality won’t begin to show change for about 20-25 years – and then if you’ll recall the Power Curve I showed you earlier, we still can’t prove it’s actually on an upward trend this early!  But, it will be and we can prove it by watching these quicker responding indicators.



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

Bear 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. 



Bear Creek  Oct 199619 years

Presenter
Presentation Notes
The management was changed initially to two years of rest, then followed by a late winter (mid Feb – after snowmelt) to early spring (mid April) grazing system. This timing was selected to ensure that vegetation would be in place for the two common flood periods, snowmelt runoff in February and July thunderstorms. This saved the rancher $10,000. each year and from not feeding hay.  More importantly riparian plants have slowed water velocity, trapped sediment, and built feet of sponge next to a narrower but now perennial channel.
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Presenter
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.



Difference in Air & Water Temperatures
Bear Creek - Central 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 oF 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 oF 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.  Incidentally this formerly ephemeral channel has become a perennial trout fishery.



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.



Cyanobacteria - Microcystin

• Toxins are classified by how they affect the human: 
• Hepatotoxins affect the liver; 
• Neurotoxins affect the nervous system;
• Dermal irritants, affect the skin. 

• Dose Makes the Response – why no human deaths, but plenty of 
animal deaths.

• Microcystins are both hepatotoxins and dermal irritants 



Dose Makes the Response
• USEPA Health Advisory for algal toxins – May 6, 2015

• For children younger than school age, USEPA recommends drinking water values not 
to be exceed:

• Micrcystin-LR – 1.6 ug/L
• Cylindrospermopsin – 3.0 ug/L

• For all ages, USEPA recommends drinking 
water values not to exceed:

• Microcystin-LR – 0.3 ug/L
• Cylindrospermopsin – 0.7 ug/L

• USEPA recommends:
• Monitoring for algal blooms
• Treating water as necessary
• Establish advisories when concentration 

comes close to and/or exceed above values

Presenter
Presentation Notes
More EPA ActionsEPA developed the health advisory values in concert with Health Canada to address the threat of harmful algal blooms, which grow in the presence of excess nutrients like nitrogen and phosphorous and produce cyanotoxins. The agency also recently announced it is developing an early warning indicator system using historical and current satellite data to detect algal blooms.The issue of cyanotoxins came to the national spotlight after an August 2014 incident in western Lake Erie left residents in and around Toledo, OH, without drinking water for two days due to high levels of microcystin.The agency is working to determine by 2016 phosphorus concentration objectives and loading targets for open waters and nearshore areas in Lake Erie as part of the Great Lakes Water Quality Agreement with Canada and providing states with technical guidance and resources to help them develop water quality criteria for nitrogen and phosphorous. But the agency's Science Advisory Board has given the phosphorous approach mixed reactions in a preliminary review. -- Amanda Palleschi (apalleschi@iwpnews.com)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://gallery.usgs.gov/tags/Cyanobacteria&ei=paNLVfFvybqCBL2ZgZgE&bvm=bv.92765956,d.eXY&psig=AFQjCNEb7TRpklz2T9pctxxAzlBAzfBhdg&ust=1431106783311536
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://gallery.usgs.gov/tags/Cyanobacteria&ei=paNLVfFvybqCBL2ZgZgE&bvm=bv.92765956,d.eXY&psig=AFQjCNEb7TRpklz2T9pctxxAzlBAzfBhdg&ust=1431106783311536


Cyanobacteria: A Case Study
• Redfield Ratio atomic ratio of carbon, nitrogen and phosphorus (C:N:P 

= 106:16:1) found in phytoplankton
• N:P in plankton tends to the N:P composition of seawater
• If it’s in the water, it will be found in plant communities – primary producers

• Redfield Ratio is used to determine which nutrient is limiting for the 
formation of phytoplankton blooms/hypozia.

• N:P ratio >17, P assumed limiting factor; N:P ratio <10, N assumed limiting 
factor; N:P ratio >10 and <17, either N or P is limiting

• Temperature 
• Blooms usually occur later in the summer
• Pathogens - Note: “If it’s in the water, stuff will happen.”

Presenter
Presentation Notes
The Redfield ratio is instrumental in estimating carbon and nutrient. The ratio also helps in determining which nutrients are limiting in a localized system. The ratio can also be used to understand the formation of phytoplankton blooms and subsequently hypoxia.The State of Oregon Department of Environmental Quality (Oregon DEQ) used Total Maximum Daily Loads (TMDLs) process as a means to deal with HABs. A TMDL calculates the maximum amount of a pollutant that a waterbody can receive and still safely meet water quality standards. To reduce nutrient loads and prevent HABs in lakes across the state, in formulating their TMDLs, the Oregon DEQ took into account detail information about the relationship between nutrients in water bodies.  Key factors have already been reviewed above and include the facts that: a) Phosphorus is often a limiting factor for primary production in lakes (Schindler et al. 2008; Lewis and Wurtzbaugh 2008); b) Different phytoplankton and algal species will compete for nutrients; c) Most algae require nitrogen in the form of ammonium or nitrate; and d) Cyanobacteria species have a competitive advantage because they can utilize dissolved N gas from the air. In addition, Oregon DEQ officials took into account the relevant N:P ratio to determine which nutrient was limiting (i.e., N:P ratio >17, P assumed limiting factor; N:P ratio <10, N assumed limiting factor; N:P ratio >10 and <17, either N or P is limiting) (Stelzer et al., 2001; NDEP 2014). Cyanobacteria in Oregon lakes are more strongly correlated with variation in total phosphorus, or the amount of algae biomass, than whether the waterbody has the right amount of nitrogen relative to the amount of phosphorus (Downing et al, 2001). TMDLs were designed to reduce sediment, nitrogen and phosphorus delivery from watersheds. Because of the special nitrogen fixing properties of cyanobacteria, the reduction of phosphorus is the most effective means of reducing harmful algal blooms (Lewis and Wurtsbaugh, 2008, Schindler et al, 2008). TMDL levels were set individually for each targeted waterbody using information from the Atlas of Oregon Lakes (Johnson et al, 1985) and benchmark water quality parameters established by USEPA. The Redfield ratio is instrumental in estimating carbon and nutrient. The ratio also helps in determining which nutrients are limiting in a localized system. The ratio can also be used to understand the formation of phytoplankton blooms and subsequently hypoxia.The State of Oregon Department of Environmental Quality (Oregon DEQ) used Total Maximum Daily Loads (TMDLs) process as a means to deal with HABs. A TMDL calculates the maximum amount of a pollutant that a waterbody can receive and still safely meet water quality standards. To reduce nutrient loads and prevent HABs in lakes across the state, in formulating their TMDLs, the Oregon DEQ took into account detail information about the relationship between nutrients in water bodies.  Key factors have already been reviewed above and include: a) Phosphorus is often a limiting factor for primary production in lakes (Schindler et al. 2008; Lewis and Wurtzbaugh 2008); b) Different phytoplankton and algal species will compete for nutrients; c) Most algae require nitrogen in the form of ammonium or nitrate; and d) Cyanobacteria species have a competitive advantage because they can utilize dissolved N gas from the air. In addition, Oregon DEQ officials took into account the relevant N:P ratio to determine which nutrient was limiting (i.e., N:P ratio >17, P assumed limiting factor; N:P ratio <10, N assumed limiting factor; N:P ratio >10 and <17, either N or P is limiting) (Stelzer et al., 2001; NDEP 2014). Cyanobacteria in Oregon lakes are more strongly correlated with variation in total phosphorus, or the amount of algae biomass, than whether the waterbody has the right amount of nitrogen relative to the amount of phosphorus (Downing et al, 2001). TMDLs were designed to reduce sediment, nitrogen and phosphorus delivery from watersheds. Because of the special nitrogen fixing properties of cyanobacteria, the reduction of phosphorus is the most effective means of reducing harmful algal blooms (Lewis and Wurtsbaugh, 2008, Schindler et al, 2008). TMDL levels were set individually for each targeted waterbody using information from the Atlas of Oregon Lakes (Johnson et al, 1985) and benchmark water quality parameters established by USEPA.



http://lincoln.ne.gov/city/pworks/watrshed/educate/fertiliz/images/eutroph.jpg

Presenter
Presentation Notes
http://lincoln.ne.gov/city/pworks/watrshed/educate/fertiliz/images/eutroph.jpgEutrophication - Greek for ‘plenty of food.’ Excessive levels of nutrients causing rapid phytoplankton growth, turning the water a turbid green.Watersheds are complex ecosystems. Constantly in motion adapting to natural and anthropogenic stresses. In aquatic environments, not all water pollution is from an external input. Pollution can come from the materials stored in riparian areas and wetlands due to their attributes, physical processes and functions. Loss of ecological function and physical form will unravel the assimilative processes. Indicators, needed to manage for water quality, must focus on the drivers (leading indicators) of ecological functions. TMDLs are based on response (lagging) indicators, which belatedly address water quality issues. TMDLS do not address declining functional conditions. Therefore, nonpoint source TMDLs are an ecosystem postmortem leading to a prescriptive regulatory authority based implementation plan. Oregon’s cyanobacteria TMDL uses a risk assessment approach dealing with immediate drinking water issues and a short-term breaking the pathway to contamination. However, these efforts do not lead to a long-term resolution, or prevent other waterbodies from developing HABs. 



Lemolo Lake

USDA Image – July 6, 2014

Mount Bailey

Mount Thielsen

Case Study 1. 
Diamond and Lemolo lakes

Presenter
Presentation Notes
Diamond Lake, a eutrophic lake that is an important source of water and nutrients to the upper North Umpqua River, is also listed as a water-quality limited waterbody (pH, nuisance algae). A draft Total Maximum Daily Load (TMDL) was proposed for various parameters and is expected to be adopted in full in 2006. Diamond Lake has supported potentially toxic blue-green algae blooms since 2001 that have resulted in closures to recreational water contact and impacts to the local economy. Increased populations of the invasive tui chub fish are reportedly responsible, because they feed on zooplankton that would otherwise control the algal blooms. The Final Environmental Impact Statement (FEIS) for the Diamond Lake Restoration Project advocates reduced fish biomass in Diamond Lake in 2006 as the preferred alternative. A restoration project scheduled to reduce fish biomass for the lake includes a significant water-level drawdown that began in January 2006. After the drawdown of Diamond Lake, the fish toxicant rotenone was applied to eradicate the tui chub. The lake will be refilled and restocked with game fish in 2007. Winter exports of nutrients from Diamond Lake during the restoration project could affect the summer trophic status of the North Umpqua River if retention and recycling in Lemolo Lake are significant. The FEIS includes comprehensive monitoring to assess the water quality of the restored Diamond Lake and the effects of that restoration downstream. One component of the monitoring is the collection of baseline data, in order to observe changes in the river's water quality and algal conditions resulting from the restoration of Diamond Lake. 



USDA Image, August 11, 2012
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Case Study 1. Diamond and Lemolo lakes

Presenter
Presentation Notes
Lemolo Lake is the upper-most impoundment on the North Umpqua River and is formed by a 100 ft dam and hydropower facility operated by PacifiCorp. MaxDepth staff applied a hydrodynamic model to the impoundment to determine complex mixing patterns created by two inlets with greatly different summer temperatures and by multiple pathways and depths at which water exited the impoundment. The results helped to explain a metalimnetic maximum in primary production caused by the mixing of the warmer waters enriched in nitrogen with the colder water enriched in phosphorus.
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Case Study 2. Tenmile Lakes

Presenter
Presentation Notes
Tenmile Lakes, consisting of North Tenmile and Tenmile Lake, are located on the south-central Oregon Coast. The lakes are highly productive coastal fisheries. However, salmonid populations have been declining (ODEQ 2007). Land use in the Tenmile Lakes Watershed is predominantly forestry related (58%).  Tenmile Lakes serves as the primary drinking water supply for lakeshore residents. Since the mid-1980s the drinking water supply has been impacted with high populations of the cyanobacteria, Microcystis aeruginosa, and listed on the Oregon 303(d) list of impaired surface waters under the CWA (ODEQ 2007). In 1997, Tenmile Lake was temporarily closed as a source of potable water. From 1997 to 2006, cyanobacteria and toxin levels have triggered five HAB health advisories related to lake water consumption (drinking water) and/or recreational contact with lake waters (ODEQ 2007).  OHA has continued to issue HAB health advisories on a regular basis (ODEQ 2011; OHA 2015). Water quality factors affecting weed and algal growth occur in the presence of excessive nutrient loads (ODEQ 2007). Water bodies are listed as impaired by nutrients and sediment.  Sediment lake core samples demonstrate increased sediment accrual rates above natural conditions (ODEQ 2007). As seen in the South Tenmile Lake bottom sediment core (inset), the sediment accumulation rate increases with logging and clearing of farm and ranch land in the 1800s.  Logging, railroad and road construction occurred from 1910 – 1920 prior to riparian and water protection measures (ODEQ 2007). From the 1920s into the early 1940s, there was continued wetland to agriculture conversion and timber harvesting. Post World War II, 1945 - 1955, saw a surplus of wood products resulting in a slowdown of timber harvesting. From 1955 to 1999, favorable economics increased timber harvesting activity with an accelerated urban and residential lakeshore development around Tenmile Lakes (ODEQ 2007). One result of the increased activity was the drainage of wetlands for development. Stream channel instability and incision of the stream channel continued up the various watersheds.  Incision lowers the streambed and indicates degradation as the streambed disconnects from the floodplain.The increased sediment load and dominance of invasive fish species (e.g., Tui chub, bass) in  Tenmile Lakes have vastly altered the historical condition of the coastal lake ecosystem (ODEQ 2007). These factors indicate changes in the functional condition (i.e., physical processes) of the lakes and watershed that have resulted in decreased water quality, loss of salmonid habitat, altered aquatic food chain dynamics, and associated increased algae blooms. As seen in a May 1994 black and white (BW) aerial image (A), the physical condition of Roberts Creek has an incised stream channel with an increasing delta into the Templeton Arm of Tenmile Lake. Delta building indicates two potential sources of sediment – stream channel incision and subsequent channel evolution and timber harvesting. In an August 2000 image (B), the delta has extended out to approximately 30 meters further than in May 1994. The stream channel has widened, and matted algal blooms are present and extending out from shore. The increase in the delta from 1994 to 2000 matches the increase of sediment in the Tenmile Lake core for approximately the same period. 
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Case Study 2. Tenmile Lakes

May, 1994 August, 2000 August, 2007 July, 201
Delta 50 80 120 110
Stream Channel 
Width

4 5 4 <4

Algal Extent NA 30 41 57

Presenter
Presentation Notes
As seen in  August 2007 USGS color aerial images of Roberts Creek (C), the delta has extended approximately 70 meters further into the lake than in 1994. In 2007 (C), logging has extended along the length of the Templeton Arm and into the lower Roberts Creek catchment. Algal mats are larger and extend further along the shoreline than in August of 2000 (Table 1 - inset).  The July 2012 color aerial image (D) shows that Roberts Creek channel is unchanged, and the delta has decreased in length by approximately 10 meters from the August 2007 image (Table 1 - inset). However, algal mats are much more intensive and occupy large portions of the shoreline. By 2012, the logged areas have been replanted and are showing some recovery of upland vegetation.  This image analysis supports the results of the Tenmile Lakes nutrient study (Eilers, Vache and Kann 2002) and the TMDL (ODEQ 2007).  However, the continued water quality and fisheries problems in Tenmile Lakes have prompted resource management agencies and the City of Lakeside to take action to address the issues. As of 2007, actions being taken include: Stream restoration activities to improve habitat for spawning salmon, Fisheries investigations by Oregon Department of Fish and Wildlife (ODFW), and Surveys and corrective action of septic systems along the lakeshore.The nutrient report (Eilers, Vache and Kann 2002) and the TMDL study (ODEQ 2007) discuss the importance of restoring and improving stream and wetland riparian functions. ODEQ (2007) goes into more detail on the impacts of the loss of riparian wetland functions.  Nevertheless, there is no mention of improvement in ecosystem functions.  
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Case Study 2. Tenmile Lakes

Presenter
Presentation Notes
Achieving load reductions as described in ODEQ (2007) requires a landscape based approach because pollutants can come from materials stored in stream and wetland riparian ecosystems. Pollutants can be ameliorated or assimilated when riparian ecosystems have resilience, biodiversity and form needed for function. Restoring the hydrological connection of wetlands to filter and store sediment prior to entering the lake should have been the initial primary goal.  Function is determined by assessing the physical processes of riparian-wetland areas through consideration of hydrology, vegetation, and soil/landform attributes appropriate for the potential of the landscape setting. As seen in A and B, the potential of this narrow meandering stream is to be connected to a broad floodplain having hydric soils (saturated with water) and herbaceous vegetation (sedges, rushes). The anoxic conditions of the hydric soil indicate that herbaceous wetland vegetation should be the predominant plant species. As seen in Image A, the presence of woody plants would indicate the soils are more oxygenated and, for this setting, would designate a degraded riparian ecosystem. This analysis of vegetation is relevant to Roberts Creek.  In 2005, the stream channel is incised, wide and with woody vegetation (A).  The floodplain, now a terrace, experienced incursion of upland woody plants and/or willow (A and B). This indicates the floodplain has been drying out, allowing for the migration of upland plants into the former floodplain. As seen in Image B, the rancher implemented a management plan of building fences to protect the stream. It is difficult to determine from the aerial imagery, but it appears the rancher removed the woody plants to promote the appropriate herbaceous plant community for this landform setting. By improving riparian functions, the rancher should be able to recharge the underlying aquifers and re-saturate the floodplain hydric soils and groundwater aquifers. 



Solutions: Immediate – Management Response

Environmental Risk - Break the pathway
• Cyanobacteria Microcystin, Toledo, Ohio

• Provide water

• Uranium, Yerington, Nevada, Anaconda Mine,
• Provide water

• However, this is unsustainable

Presenter
Presentation Notes
Traditionally once a toxin and its source is identified at a dosage of concern for a particular population (human, wildlife, etc.), the objective is to break the pathway of exposure. Note: this doesn’t necessarily serve or improve the ecosystem in any way. For example, if a water supply is contaminated, and the population identified, breaking a pathway of exposure can constitute providing bottled water for drinking, cooking and bathing (e.g., http://www.toledoblade.com/local/2014/08/02/City-of-Toledo-issues-do-no-drink-water-advisery.html).  The standard risk assessment approach focuses primarily on indicators that include measures of the contaminants (i.e., concentration, solubility, volatility), the transport media (i.e., groundwater, surface water, air), climate conditions (hydrology, soil type, precipitation) and measures describing potential exposures (number of organisms, dose response). These are all important pieces of information, but they present a picture of the situation suggesting the contaminant is somehow separated from the ecosystem itself.  



Short Term – Management Response
State of Oregon DEQ Number of HAB Advisories and Days Under Advisory By Year

Days under Advisory Number of
Advisories

This is unsustainable as well. Why? Response (lagging) indicators. 
What do we need? Drivers of physical processes. 
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Response (lagging) indicators fail to consider how the physical processes of the watershed and the functions of the ecosystem impact indicator values and the potential effects on ecosystem services.  Proactive management is dependent on having indicators measuring performance of current and future ecological conditions. Leading indicators can predict future events once the right data are collected, analyzed, and understood (Swanson et al., 2013). Water quality parameters can predict problems for certain endpoints (e.g., human health, fish contamination, etc.). A lagging indicator may eventually respond, but not soon enough to guide decisions needed to ensure progress (Arno et al. 2012; Swanson et al., 2013). The problems of lagging indicators and the speciousness notion of sacrifice zones can be addressed through a new approach to risk founded on the ecological fact that people are part of the ecosystem.



Long-Term Management - Watersheds that capture, store & 
safely release water
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Presentation Notes
The job of a watershed is to capture, store, and safely release the water from precipitation. Think of a sponge in the bottom of a sink.  This is critically important to riparian plants, fish, and wildlife.  For our western lands, precipitation is not constant, regular, or even very predictable, with variable dry seasons that overlap the hottest part of the year when riparian areas experience maximum evaporation and transpiration.  The alluvial aquifer of the riparian area performs this duty best when it functions properly.  However, streams and floodplains vary widely in their ability to store water as illustrated by this labeling of different stream types.



Long Term Management
• Potential is based upon a concept of dynamic equilibrium within an ecosystem 

corresponding to measures of the physical setting
• i.e., vegetation, hydrology, soil and landform

• Lakes, reservoirs, rivers and wetlands are complex ecosystems.
• For example - Lemolo Lake and Diamond Lake, Oregon

• Risk to an ecosystem is contingent on the ability of that ecological system to 
achieve its functional state, or proper functioning condition, given that it has an 
anthropogenic use. 

• For example – Toledo River, Ohio

• Nature is not static but adjusts and adapts to climatic and anthropogenic 
stresses 

• For example - Tenmile Lakes, Oregon

• A functional and resilient ecosystem is sustainable. 
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Lakes, reservoirs, rivers and wetlands are complex ecosystems. Nature is not static but adjusts and adapts to climatic and anthropogenic stresses, which are also dynamic. Risk to an ecosystem is contingent on the ability of that ecological system to achieve its functional state, or proper functioning condition, given that it has an anthropogenic use.  Ecological function potential is based upon a concept of dynamic equilibrium within an ecosystem corresponding to measures of the physical setting (Leopold et al 1964; Rosgen 1994; Rosgen 1996; 2006; Brierley and Fryirs 2000; Kondolf 2003; Brierley et al. 2011). To limit risk uncertainty, it is essential to identify key ecosystem function factors (leading indicators). Indicators that quickly respond to climatic and/or anthropogenic impacts. Leading indicators are capable of measuring alterations to stream and wetland riparian functions (Swanson et al., 2012), which provide essential ecosystem services sustaining human well-being (Aron et al., 2013). The difference between the ‘potential’ of an ecosystem and how that ecosystem functions as it is being used (i.e., agriculture, grazing, urban) determines the impact within the system – Equation 1.  Impact = Potential Ecosystem Function – Actual Ecosystem Function (with historic changes and current uses)      										 PFC is always assessed with respect to the potential riparian function. PFC assessments inform management of current and likely concerns. PFC also establishes measures to bring the ecosystem to its full ecological function, given the potential of its setting. Objective is to sustain many ecological uses and values. Management under this paradigm precludes actions that would increase overall risk for a short-term gain. The point of management is to work with the ecosystem, responding in ways that enhance natural remediation (Magadaza 2006; Stone and Bress, 2007; Stone and Hitchko, 2009; Poste et al., 2011; Schaedel 2011), or quicken its pace to a particular level of functionality (e.g., desired condition) (Aron et al., 2013; Hall et al., 2014; Dickard et al., 2014).



Conclusions

• Solutions
1. Think Management

• Manage the ecosystem for functions 
• A proper functioning condition watershed 

will provide resilience  and sustainable goods and services

2. Think Long-term Management
• Solve the problem before it becomes a problem

• Indicators
• Drivers of Ecosystem Function – leading indicators

• Vegetation, hydrology, soil and landform
• Response indicators (e.g., water quality) are lagging 

• may not respond in time to make a decision

• Proper functioning condition (PFC)
• A way of brining communities together
• Integrating science in collaborative decision making
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