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PROJECT BACKGROUND

The Bureau of Reclamation (Reclamation) is developing an Environmental Impact Statement (EIS) for the long-term operation of the Klamath Project.  Reclamation’s recent Biological Assessment of the Klamath Project’s continuing operations on the endangered Lost River sucker and the shortnose sucker (2001), and the U. S. Fish and Wildlife Service (USFWS) Biological Opinion responding to the Reclamation BA, both note the significant loss of wetlands from the Upper Klamath Lake (UKL) basin as a major factor in the decline of sucker habitat.  The USFWS reasonable and prudent alternative (RPA) to Reclamation’s proposed management plans in its BA directs Reclamation to maintain higher than historical lake levels as the primary strategy to improve water quality in the lake.  This RPA can divert attention from the valuable role wetlands can have in improving lake quality, which is alluded to in both the BA and the BO.  This proposal from the Center for Lakes and Reservoirs (CLR) at Portland State University, provides various specific initiatives for reestablishing the functions of wetlands in regulating the quality of Upper Klamath Lake water.

PROJECT UNDERSTANDING

· Wetland isolation from UKL contributes to deteriorating lake quality

The paper by S. Geiger, Reassociating Wetlands with Upper Klamath Lake to Improve Water Quality, provided as Attachment A to this Proposal, provides preliminary information to support the following hypothesis:  

The isolation of former wetlands from UKL by diking and draining has resulted in degraded lake water quality through severing important lake-wetland functional connections.
We propose to test this hypothesis through characterization of wetland function, modeling of wetland influences on phytoplankton production in UKL, and a series of laboratory and in-lake experiments at increasing scale.  If the hypothesis testing does not result in rejection of the hypothesis, a whole-lake experiment  may be feasible.  The hypothesis does not suggest that isolation and draining of wetlands has been the only cause of UKL decline over the past 100+ years.  It is likely that extensive logging in the watershed and cumulative contributions from agricultural use of the land have exacerbated conditions in UKL, which has been reduced in size. The hypothesis does suggest that severing of lake-wetland functional connections may have severely impaired capability of UKL to process nutrient and sediment inputs generated by human use of the watershed.

An appropriate introductory analogy for the consequences of isolation of in-lake marshes from the lake by means of diking and draining would be the removal of an appreciable portion of the liver and kidney from a human.  It appears to be commonly believed that the effect of wetland loss was subsequent agricultural discharge from the “reclaimed” 34,140 acres of farmed and ranched area and a resultant degraded lake water quality.  The work in this proposal derives its impetus from an alternative hypothesis that loss of wetland-lake functional connection by isolation and drainage are as important, if not more important, than subsequent agricultural discharges. 

· Extent of wetlands in the lake once made UKL unique

The Bureau of Reclamation in its 1997 estimate of the area and volume of Upper Klamath Lake (UKL), which in this paper will include Agency Lake, has included wetlands at lake level that are seasonally inundated by fluctuating lake water levels (Basdekas 1997).  Table 1 provides an overview of how the lake has changed in area through the isolation of 34,140 acres of marsh wetland from the lake through diking and draining.

Table 1. 
The area of littoral marsh and limnetic open water of Upper Klamath Lake (including Agency Lake) before commencement of diking (~1889) and after diking, draining and UKL outlet dam at Link River [Bureau of Reclamation data]. 

Condition of Lake
Lake Surface Elevation
Lake Area (Ac)

Before Diking
Minimum (BR datum, ft)
Littoral
Limnetic
Total


4140.0
20,320 (30%)
47,400 (70%)
67,720

Before Diking
Maximum (BR datum, ft)
Littoral
Limnetic
Total


4143.0
51,510 (46.2%)
60,000 (53.8%)
111,510

After Diking and Dam
Minimum (BR datum, ft)
Littoral
Limnetic
Total


4136.0
0.0 (0.0%)
55,800 (100%)
55,800

After Diking and Dam
Maximum (BR datum, ft)
Littoral
Limnetic
Total


4143.3
17,370 (22.4%)
60,223 (77.6%)
77,593

The littoral wetland area of the lake once comprised 51,510 acres (46.2%) of the total lake area of 111,510 acres at maximum pool surface elevation.  The historical records of lake fluctuation prior to construction of the Link River Dam in 1921 document the lake fluctuating between a maximum of 4143.0 ft (U. S. Bureau of Reclamation datum [~2.3 ft above the USGS NGV datum]) and a minimum of 4140.0 ft.  Following dam construction and after the last diking and draining in 1968 (Snyder and Morace 1997), the lake area at maximum pool elevation of 4143.5 ft had decreased to 77,590 acres, with littoral marsh area decreased to 17,370 acres (22.4% of the total lake area).  In other words, the lake lost 30.4% of its area, and the associated lake volume associated with this area, through diking and draining.  The in-lake wetland area was reduced by 66.3%.  In addition, there was a reduction of littoral lake volume from 82,000 ac-ft to 28,000 ac-ft; a reduction of 65.9%.  Further, the wetland area at minimum lake storage volume (4136.0 ft versus the pre-dike, pre-dam minimum of 4140.0 ft, had shrunk from 20, 320 acres to 0.0 acres (Basdekas 1997), which represents an additional seasonal loss of function.  Lowering the reef at the Link River Dam allowed more water to be withdrawn from the lake.

· Effects of in-lake wetlands potentially large

Extensive research,  conducted and reported most prominently since 1978, has described the multifaceted capacity of wetlands to alter lake water quality (e.g. Good, Whigham and Simpson 1978; Hammer 1989; Moshiri 1993, SRI/Shapiro 1994; Kadlec and Knight 1996; U. S. Environmental Protection Agency 2000; Mitsch, Horne and Nairn 2000).  UKL is unique among large  lakes in Oregon and Washington in having a high proportion of the lake area as wetland, primarily emergent marsh wetland (Table 1).  Given the extensive decomposition that occurs each year in marshes of the Klamath Basin, primarily during late fall and winter, and the resultant release of organic detritus, plant nutrients, and dissolved organic carbon compounds, the UKL wetlands are likely to influence lake function and phytoplankton production (see Godshalk and Wetzel 1978).
· Recent modeling projects ignore wetlands

Other than defining which wetlands were lost over the past 100 years (e.g. Carlson 1993, Snyder and Morace 1997), there has been no attempt to assess the function of the extensive wetland component of the lake prior to diking and draining, and, there has been no assessment of the function of the extensive wetlands that remain in the lake.  Three recent analyses of Upper Klamath Lake have excluded wetland areas and associated wetland littoral volumes from their analyses (Kann and Walker 1999; Walker 2001, and Phil Williams and Associates, Inc. 2001).  These analyses, which attempt to draw conclusions about the performance of the whole lake system from modeling of the limnetic zone of the lake, ignore the complex contributions of the 17,370 acre littoral zone of Upper Klamath Lake, the marsh wetlands in the lake that were not isolated by diking and draining.

· Reassociation of reclaimed wetlands with UKL proceeding slowly

Figure 2 shows the location of wetlands that have been drained for agricultural use and Table 2 provides information on the areas of these wetlands both in the lake, those still being farmed, and those being restored.  The present total of this intended reclaimed wetland area is 17,553 acres.  Most of this total is owned by the Bureau of Reclamation, the Bureau of Land Management and The Nature Conservancy.  The reassociation of these reclaimed wetlands with the lake is proceeding very slowly.    

· Recent water management decisions for UKL could impact wetlands

Reclamation’s directive (RPA) from the USFWS to maintain higher than historical or pre-settlement water levels for UKL may provide more habitat for the sucker at the expense of wetland fauna and flora associated with wetlands and the primary vascular vegetative components of the wetlands.  This possible change in wetland hydroperiod could be construed as an extensive wetland impact subject to regulation by the Oregon Division of State Lands and the U. S. Army Corps of Engineers.  The pressure on Reclamation to develop alternative sources of water elsewhere in the UKL basin to meet its Project obligations may also have similar associated “jurisdictional” wetland impacts.  A review of the regulatory constraints associated with altering hydroperiods and severely impacting wetlands would be valuable as part of Reclamation’s attempt to provide a comprehensive environmental assessment for long-term operation of the Project.

These background considerations associated with the wetlands of UKL inform and provide direction for the objectives of this proposed project and for the individual scope elements provided in following sections.

PROJECT OBJECTIVES

The following objectives are a context for the work scope elements that follow.    

· Define pre-non-native settlement wetland extent and function and the associated quality of Upper Klamath Lake (UKL);

· Define the effects of diking and draining wetlands on the quality of UKL, including wetlands at lake surface and wetlands above the lake in the UKL basin;

· Develop a strategy for and define the effects of reassociating restored wetlands with UKL, and assess opportunity for adding to inventory of restored wetlands;

· Define the present extent of submergent, littoral wetlands, the potential for their development, and their influence on UKL water quality; 

· Assess the effect on wetlands in the lake, and behind the dikes, of altering lake water elevations to improve sucker habitat;

· Assess the effects on wetlands of proposed water storage projects;

· Assess the effect of wetland and agricultural lands effluents, especially decompositional products, on the quality of UKL water and development of Aphanizomenon flos-aquae blooms;

· Assess the cumulative effect of reassociating wetlands and optimizing wetland functions for improvement of UKL water quality.

SCOPE OF WORK

PHASE 1:  December 2001-November 2002
Element A:  Characterize the influence of remaining wetlands in UKL on the seasonal quality of the lake water

Rationale for Work Element and Tasks

· Previous wetland studies were preliminary to defining influence

There are two previous Reclamation projects (1992-1994), Upper Klamath Marsh and Hanks Marsh, that sampled the water and biota of these marsh areas in a preliminary reconnaissance mode.   The studies resulted in some information that can be used as the basis for additional and more focused sampling.  The studies were not carried out to accomplish the intent of this work element.

The initiative by the Bureau of Reclamation in 1990 to develop a water quality management plan for the Sevenmile Canal-Wood River watershed (see Campbell 1993a, 1993b) was associated with an assessment of the Upper Klamath Marsh National Wildlife Refuge (NWR) (Sartoris, Sisneros and Campbell 1993b).  The intent of the Bureau of Reclamation investigation of the lake-associated Upper Klamath NWR marsh and the diked marsh areas was to “assess and quantify the relative effects of reclaimed and undisturbed lacustrine wetlands on the eutrophication and water quality of Upper Klamath Lake” (Sartoris, Sisneros, and Campbell, 1993b).  Field work was conducted July 1991-December 1992 concurrent with other Bureau of Reclamation studies in the Sevenmile Canal-Wood River watershed; summer of 1992 was a period of severe drought in the Klamath Basin.  Only preliminary and summary reports were produced for this work (Sartoris and Sisneros, 1993; Sartoris, Sisneros, and Campbell, 1993).  Flow measurements were only made for Sevenmile Canal at its mouth and for Fourmile (West Canal) locations.  In addition, benthic macroinvertebrates, zooplankton, and limited periphyton analyses were performed.

Reclamation also funded an assessment of Hanks Marsh (Forbes 1997, Forbes, Sartoris and Sisneros 1998, and Barber, Leenheer, Noyes and Stiles, 1999).  As Table 2 indicates, there are ~17,000 acres of wetland in the lake during the seasonal fluctuations of lake water levels.  Approximately 14,000 acres of this total is the Upper Klamath Marsh NWR (north and south units) and 1,000-1,200 of this total is Hanks Marsh.  The remaining wetland areas are generally in the north end of UKL, including portions in the vicinity of Agency Lake.

· Geiger et al. (2000) studies of Upper Klamath Marsh provide conceptual approach for further marsh investigations

Geiger, Caldwell and Hollen (2000) obtained baseline data on spring flow and quality and on water quality adjacent to and within Upper Klamath Marsh NWR.  A preliminary water and nutrient (nitrogen and phosphorus) budget was developed for the north and south units of the marsh to assess potential impacts of the proposed Pelican Butte ski area project on the marsh.  Table 3 provides an estimate, based on the best available information, of the elements of the annual inflow to the marsh and the associated annual phosphorus and nitrogen loads.  A proposed approach to monitoring the condition of this large wetland unit, with emphasis on the north 14,000 acre unit, was included in the assessment.  What is shown on Figure 2 is the location of monitoring stations that would provide information on the known influences on the marsh.  Figure 3 shows the presumed flow directions into, within and out of the UKMNWR.  What is not shown are monitoring locations that would detect the influence of the marsh on the lake.  The Pelican Bay monitoring station data (Bureau of Reclamation-Klamath Tribes) were assessed in the report as one means of characterizing what the influence of the marsh on the lake might have been.

· Assessment of wetland trophic status

There are no water quality standards specific to wetlands in the State of Oregon.  Narrative standards apply to wetlands and other waters of the state, but wetlands do not appear on the Oregon Department of Environmental Quality water quality limited water body lists (i.e., the 303(d) list).  There is no widely accepted framework for assessing the trophic status of wetlands, in the same way that the trophic state of lakes can be assessed (e.g. Walker, 1995; Kann and Walker, 1999).  Since Upper Klamath Lake is considered a eutrophic lake, even hypereutrophic by some (Walker 1995), by implication since the Upper Klamath NWR marsh is “within” the lake, it could be considered a eutrophic marsh.  But this is not necessarily the case.  A marsh’s capacity to provide additional uptake of nutrients without degrading its diversity of habitats appears to be greater than that of a lake.  This interpretation is based on a variety of assessments of wetlands that function as treatment systems for diverse upland runoff types around the world (Kadlec and Knight, 1996; Moshiri, 1993; Reed, Crites, and Middlebrooks, 1995).  It is likely there are differences in trophic (enrichment) status among wetlands in the Upper Klamath Basin (e.g., the 40,000 acres draining into the Williamson River compared with the NWR marsh) that would be based on differences in water chemistry and associated organisms.  Studies have not been done in the basin to characterize wetlands in this way.  The long association of the NWR marsh and Hanks Marsh with the enriched waters of Upper Klamath Lake would be expected to be reflected in the kinds of organisms living in the marsh.  Data on the kinds of algae identified in Crystal Creek in the 1991-1992 Bureau of Reclamation assessment indicate the presence of many algae taxa that are tolerant of increased concentrations of nitrogen and phosphorus.  The algae associated with springs at the periphery of the marsh may have a different composition than the algae within the marsh itself, but the relatively high concentrations of phosphorus in spring flow (Section 2.4) may also select for species that have greater tolerance for higher nutrient concentrations.  This is suggested by the presence in February 2000 (Shapiro observations of material collected during February 8-9 water quality sampling) of Cladophora glomerata in Crystal and Malone springs and Spirogyra sp. in Harriman spring.  These are green algae species that are tolerant of elevated concentrations of nitrogen and phosphorus (Taft and Kishler, 1973). 

· The importance of hydrologic setting for determination of marsh influence on UKL

The conceptual challenge of this work element is to devise a defensible approach to detecting the influence of the marsh on the lake.  Since the marsh occupies an area within the lake, the cumulative influence of external sources on the marsh, including the changing quality of the rising and falling lake as it inundates the marsh, and the influence of the marsh on adjacent or downstream waters of the lake need to be discriminated.

Hanks Marsh is somewhat simpler with respect to sources of inflow to the marsh area.  However, determining the influence of the marsh on the adjacent open water of the lake also requires the development of a hydrologic and nutrient budget.

Perhaps the least complicated marsh hydrologic setting for determining influence of marsh on water quality would be the Wood River Marsh, approximately 700 acres situated on the east side of the Bureau of Land Management (BLM) Wood River Ranch adjacent to Wood River.  Unlike the other two marsh areas, this appears to be a stream flow marsh, by location similar to once undiked marshes in the delta of the Williamson River.

· Overview of work element tasks

The approach to this work element will be to assemble all available information on the quality and function of marshes that remain in the lake, characterize the hydroperiods or hydrologic settings of each marsh, or representative marshes, develop approaches to monitoring hydrologic, chemical and biological characteristics of each marsh that will provide sufficient data for modeling, develop preliminary hydrologic and nutrient budgets, and model the function of the marshes relative to the open water areas of the lake. 

Element A Tasks

1. Data compilation and review (Post-doc/technician, graduate student, Geiger, Wells, Koch)

1a. Assemble Geographical Information System (GIS) files (primarily from Reclamation) and develop a GIS project for former and in-lake wetlands within the seasonal elevation of UKL that incorporates all available information relative to the structure and function of wetlands that would have some bearing on the influence of wetlands on lake quality.

1b. Assemble and assess the information available on UKL in-lake marsh structure and function, seasonal DOC production, and information on former marsh areas at the lake surface.

1c. Characterize marsh areas within the lake with respect to their hydrologic settings in or at the edge of the lake including the amount of survey information on marsh sediment surface elevations, to set direction for hydrologic budget development and monitoring of chemical and biological features.

1d. Review and assess the monitoring data obtained by Reclamation and the Klamath Tribes for Pelican Bay sites (which appear to be among the most heavily marsh-influenced parts of the lake) January 1990-November 1995 (chemistry) and January 1990-June 1997 (phytoplankton and zooplankton), especially noting the period of July 1991-December 1992 when Reclamation was monitoring within the north NWR unit.

1e. Prepare a literature review of strategies for monitoring wetland-lake chemical and biological influences.

1f. Evaluate existing and alternative models with respect to incorporation of wetland processes for the purpose of shaping data collection and ultimately for modeling the influence of wetlands on UKL. 

2. Sampling and QA/QC Plan Development (all CLR project participants)

2a. Select monitoring locations, sources of data for the development of hydrologic and chemical budgets from other on-going monitoring programs, statistical analysis approaches.

2b. Develop and obtain approval from Reclamation and the Oregon Department of Environmental Quality (DEQ) of a quality assurance plan.

3. Field sampling and data analysis (Post-doc, grad student, Geiger)

Collect hydrologic, elevation, chemical and biological data on UKL wetlands according to the quality assurance plan, incorporating GPS equipment to locate and revisit sampling sites, with the support of Reclamation air boats and local laboratory analyses (e.g. Oregon Institute of Technology) where possible.

4. Model wetland function (Wells, Koch, and Post-doc)

Develop a model of wetland function for input into a UKL water quality model. 

5. Evaluate regulatory implications of lake mangement. (Geiger)

Develop a preliminary assessment of the wetland regulatory implications associated with Reclamation’s alternative strategies for lake water level management, including an assessment of marsh trophic status relative to DEQ water quality standards.

6. Project coordination and reporting (all CLR project participants)

6a. Hold monthly meetings of Center for Lakes and Reservoirs project participants

6b. Hold quarterly meetings with UKL-area collaborators to review progress and direction.

6c. Produce an annual report.

Element B:  Determine the influence of marsh effluents, in particular decomposition products, on the development of Aphanizomenon-flos aquae blooms

Rationale for Work Element and Tasks

· Aphanizomenon biomass low in marsh environments

The cyanobacterial phytoplankton species Aphanizomenon flos-aquae dominates the plankton algae assemblage in UKL through the period of May through October.  The prominence of this species, and the primary focus of past work on the planktonic algae of the open waters of the lake, has diverted attention from other algae that are present in the wetland areas of the lake and during the times of the year when Aphanizomenon is not dominant, and may even be absent.  Bureau of Reclamation funding has supported examination of only limnetic samples, with the sole exception of the Pelican Bay site, and the speciation and volumetric estimation of the species found in this open water part of the lake.  The potential influence of wetlands in the lake on the growth of Aphanizomenon flos aquae is suggested by the data on this species’ biomass at the Klamath Tribes Pelican Bay station (in the vicinity of the Upper Klamath Lake NWR) compared with its biomass at other locations (mid-north and mid lake stations of the Klamath Tribes limnological monitoring program) (Kann 1999).  Figure 3 shows the very significantly smaller Aphanizomenon biomass in the vicinity of the marsh at Pelican Bay compared with the other open lake stations.

This absence or scarcity of Aphanizomenon just downstream, at or within marsh environments has been noted by those scientists who have spent time obtaining data on marsh character.  Forbes (1997) noted the absence of Aphanizomenon except at the waters off the edge of Hanks Marsh, and Sartoris, Sisneros and Campbell (1993) noted the same in their report on characteristics of Upper Klamath Marsh National Wildlife Refuge.  Perdue et al. (1981) noted the absence of Aphanizomenon in Upper Klamath Lake at a location heavily influenced by the Williamson River.     

· Experimental work on humic substances and Aphanizomenon growth suggest importance of UKL marsh decomposition products

Forbes (1997) noted the work of Kim and Wetzel (1993) in assessing the effect of dissolved humic substances, one of the products of marsh plant decomposition, on the growth of various species of algae.  A preliminary literature review indicates that a wide variety of possible mechanisms involving dissolved organic matter have been proposed to explain the effects observed on the growth of Aphanizomenon in the vicinity of Upper Klamath Lake marshes.  An incomplete list of proposed mechanisms includes:

· The effect of dissolved organic material on light availability (Havens et al 1998);

· Kim and Wetzel (1993) found that humic substances enhanced or suppressed algal growth.  Anabaena flos-aquae was inhibited by 20 mg/l of Typha humic acids while the growth of the diatom Nitzschia palea was stimulated.  Microcystis aeruginosa growth was inhibited by all, except very low (1 mg/l)  concentrations of humic acids.

· Various interactions among dissolved iron, dissolved organic matter and phosphorus (Jones et al 1993; Guildford et al 1987, Jackson and Hecky 1980);

· Various interactions between dissolved organic matter and nitrogen availability (Berman and Chava 1999; Devol et al 1984);

· Complexation of toxic metals by dissolved organic matter (Xue and Sigg 1999).

Phinney et al. (1959) tested the effects of Klamath Marsh waters on the blue-green alga Anabaena cylindrica.  They replaced one-fourth of an algal medium with Klamath Marsh water, which resulted in the death of the test algae.  When the same experiments were repeated, but with the pH raised with NaOH, algal growth was simulated.  In 1962 at Oregon State University, C. Peek, with the assistance of H. Phinney, approached the puzzle of the reasons for Aphanizomenon dominance in Upper Klamath Lake with an evaluation of the potential growth promoting qualities of humic substances (Peek 1963).  It would appear that an assessment of potential suppressing effects on Aphanizomenon from the lake of dissolved organic carbon constituents, including dissolved humic substances, from the marshes of the lake, would be a valuable contribution to an understanding of what the loss of wetlands from the lake has meant for lake quality.

A preliminary bioassay of the effects of different concentrations of marsh water on UKL water during a Aphanizomenon flos-aquae bloom was conducted by members of the CLR project team at the end of August near the Running Y Ranch Resort.  Water from the recently restored Caledonia Marsh Test Unit was used to test effects.  Triplicate controls (marsh and lake water) and tests (3) were conducted August 27-31, 2001.  Results of the bioassays are not yet available for review.

· Insufficient characterization of the organic compounds and other marsh decomposition products in UKL, or UKL tributary, water

It is not possible with the historical nutrient inflow or limnological data bases (Kann 1998, 1999), or even previous study data (e.g. Miller and Tash 1967,  Klamath Consulting 1983), to differentiate water high or low in total and dissolved organic carbon or dissolved humic substances (DHS).  The interpretation of light measurements (Secchi disk, PAR, etc.) must therefore be ambiguous in this stream and lake system where the seasonal brown color of water in Link River, and the Lower Klamath River is a signature feature.  

There has been no systematic, seasonal monitoring of dissolved humic substances (DHS), or other organic decomposition products, including total organic carbon (TOC), dissolved organic carbon (DOC), tannins and lignins, or color in streams or in the lake.  There has been only one station, the Pelican Bay station, out of twelve stations sampled in the lake since 1990 (Kann 1999) that would have been in the immediate vicinity of a large wetland.  The Pelican Bay station was discontinued by the Klamath Tribes after 1995 (water quality; 1997 phytoplankton).  The data from the Pelican Bay station was excluded from the data set used to estimate lake-wide means of forms of nitrogen and phosphorus in recent attempts to develop a water and nutrient budget for the lake and a total maximum daily load for total phosphorus (Kann and Walker 1999, Walker 2001).

Recent measurements of organic carbon constituents have been made by Shapiro and Associates, Inc. related to its recent work in assisting Running Y Ranch Resort reclaim 554 acres of wetland at Caledonia Marsh adjacent to Howard Bay (see Shapiro and Associates, Inc. 2001).  Samples of water from a 94 acre reclaimed marsh test unit provided information on the dissolved organic carbon concentrations in a young marsh (first growing season 1998).  Samples of water were also obtained from Howard Bay and from pumped winter field floodwater drainage discharge.  Preliminary results are provided in Table 4.

Table 4.
Dissolved organic carbon (DOC, mg/l) concentrations at sampling stations in Howard Bay, Geary Canal Wocus Marsh pumping station, and at the wetland reclamation unit (Test Unit of 94 acres) at Running Y Ranch Resort on Caledonia Marsh 1998-2001 (Shapiro and Associates, Inc., Portland, Oregon).  All analyses were performed by Aquatic Research Inc., Seattle, Washington.

Date
Sampling Sites
DOC (mg/l)

Howard Bay



July 2, 1998
Howard Bay-Dike
8.97

May 19, 1999
Howard Bay-Dike
6.61

July 24, 1999
Howard Bay-Dike
11.90

February 9, 2000
Howard Bay-TS
7.13

May 3, 2000
Howard Bay-HB30
6.06

May 3, 2000
Howard Bay-Dike
6.14

December 19, 2000
Howard Bay-TS
7.40

December 19, 2000
Howard Bay-140
7.25

Geary Canal



February 9, 2000
Geary Canal Pumps
40.30

May 3, 2000
Geary Canal Pumps
22.10

January 31, 2000
Geary Canal Pumps
43.10

January 31, 2000
Geary Canal Pumps
43.60

Caledonia Marsh



July 2, 1998
Caledonia Marsh TU
43.10

July 2, 1998
Caledonia Marsh TU
56.30

May 19, 1999
Caledonia Marsh TU
93.40

May 19, 1999
Caledonia Marsh TU
32.20

July 24, 1999
Caledonia Marsh TU
67.60

July 24, 1999
Caledonia Marsh TU
43.10

February 9, 2000
Caledonia Marsh TU
42.20

May 3, 2000
Caledonia Marsh TU
58.40

January 31, 2001
Caledonia Marsh TU
53.50

Since humic carbon can comprise over 50% of the dissolved organic carbon concentrations (Perdue et al. 1981), both wetlands in the lake, reclaimed wetlands behind the dikes, and winter-flooded farm fields are large reservoirs of what may be a valuable cyanobacterial suppressant.  The loss of in-lake wetlands, which would have diffused these humic compounds differently and at different times depending on hydrologic setting, would have resulted in lower post-diking lake concentrations of dissolved humic substances.

Element B Tasks

The following tasks are proposed to investigate the effects of marsh effluents on the growth of the dominant cyanobacteria at UKL.

1. Literature review (Post-doc, graduate student, Geiger)

1a. Review lieterature on Aphanizomenon (A. flos-aquae), dissolved organic carbon and dissolved humic substances, marsh decomposition products and processes, and zooplankton (e.g. Daphnia) growth in marsh waters, to assist in setting direction for opportunities and mechanisms of growth suppression effects.

1b. Evaluate previous Oregon State University, Humboldt State University, and Reclamation bioassays (e.g. Ehinger 1993a, 1993b, 1993c and 1994), and our August 2001 bioassay results, of treating UKL water, during the Aphanizomenon flos-aquae late summer bloom, with different proportions of Caledonia Marsh restoration wetland marsh water to test effects on cyanobacterial growth in order to refine an in-situ bioassay approach.

1c. Obtain and review data on UKL marsh vegetation and agriculture crop (e.g. barley straw) decomposition products and analytical methods for measuring these products (e.g. Shapiro and Associates, Inc. data, Barber et al 1999).

1d. Review anecdotal comments on the absence of Aphanizomenon flos-aquae growth in marsh environments (e.g. Renne 1999, Watkins 1999, Shapiro and Associates, Inc.2000).

2. Experimental design (All CLR project participants)

2a. Develop an experimental design for laboratory and in-situ bioassays to test the effects of marsh effluents, focusing on dissolved humic substances, on the seasonal growth of Aphanizomenon flos-aquae; specify associated environmental measurements (e.g. pH, DO, SpC, temp, light, nutrients, DOC, DHS, etc.) and measures of algal response (e.g. C14, chlorophyll a, biomass, species composition); and develop a quality assurance plan for the bioassays.

2b. Design experiments to investigate important ecophysiological mechanisms that regulate Aphanizomenon growth.

3. 2c. Design sampling program to investigate causes of low Aphanizomenon abundance within marsh vegetation.

2d. Design scaled-up experiments (all CLR project participants)
If suppression effects are documented in bioassays, provide estimates of the amount of marsh decomposition products that would need to be generated annually, and during which periods, to produce suppression effects within UKL; and, develop plans for a larger-scale,  mesocosm tests of the effects of decomposition products on cyanobacterial growth. 

4. Conduct sampling within marshes ((Post-doc/technician, grad student, Geiger)

Conduct sampling within marshes and where marsh water is obviously influencing adjacent open water to determine phytoplankton composition, DOC-DHS content, ph, DO, SpC and light; and, observe responses of Aphanizomenon flos-aquae in water introduced to restored marshes behind the dike to compensate for evaporation [this task is related to obtaining data on marshes described in Phase I/Element 1].

5. Conduct bioassays (Post-doc/technician, grad student, Geiger, Petersen, Rueter, Henry)

Conduct seasonal bioassays (e.g. May, June, July and August), and fall-winter laboratory bioassays on cultured Aphanizomenon flos-aquae, according to quality assurance plans to determine whether specific marsh decomposition products and agricultural plant decomposition products suppresses the cyanobacterial growth and at what concentrations.

6. Conduct ecophysiology experiments (Rueter, Henry)

Conduct studies on the mechanism responsible for inhibition of Aphanizomenon growth by marsh water (Task is contingent on demonstrating the inhibitory effect in bioassays)

7. Conduct mesocosm-scale experiments (Post-doc, frad student, Geiger, Petersen)

Conduct mesocosm experiments to test the effect of marsh water on phytoplankton production in UKL.

8. Project coordination and reporting (all CLR project participants)

6a. Hold monthly meetings of Center for Lakes and Reservoirs project participants

6b. Hold quarterly meetings with UKL-area collaborators to review progress and direction.

6c. Produce an annual report.

Element C:  Develop plan to reassociate areas intended for wetland restoration behind the dikes at UKL with the lake

Rationale for Work Element and Tasks

· Extent of conversion of ranch and farm land to reclaimed wetland 

As was noted in the Project Understanding section of this Proposal, the reassociation of the 17,553 acres of reclaimed wetlands with the lake is proceeding very slowly. The potential benefit for improving UKL quality from this restoration is large.  In an attempt to compensate for wetland losses, both the federal government and privately funded organizations have, with support of some wetland scientists (e.g. Gearheart et al. 1995), purchased former farmed and ranched wetlands areas and are reclaiming these areas as wetland.  This conversion of land from ranching and farming began in 1995 with the purchase of the Wood River Ranch on the north side of Agency Lake. 

As shown in Figure 2 and Table 2, the 17,553 acres is a combination of Agency Lake Ranch (Bureau of Reclamation, 7,159 ac), the Wood River Ranch (Bureau of Land Management, 2,880 ac), the Williamson River Delta Preserve (The Nature Conservancy, 6,960 ac), and portions of Caledonia Marsh (Running Y Ranch/Resort, 554 ac).  The land surfaces of these areas to be reclaimed are generally at elevations six or more feet below maximum lake elevations.  The total investment to acquire these former wetland areas has been $19-20 million.  The cost of reclaiming and developing wetlands is additional.  

· Obstacles to progress on reassociating reclaimed wetlands with UKL

It is uncertain whether the initial federal initiative to reclaim the Wood River Ranch on Agency Lake gave high priority to ultimate use of the area for water quality improvement of Sevenmile Canal and Wood River waters.  The reclamation of the delta of the Williamson River by The Nature Conservancy was no doubt seen as an ultimate benefit to fish of UKL, both suckers and trout, but restoring the functions of former wetlands for water quality improvement may have seemed less important.  The purchase of Agency Lake Ranch by Reclamation was done both for water storage and for water quality improvement.  There has been little progress in achieving a common vision regarding wetland use for water quality improvement among these three owners of most of the 17,000 acres behind dikes targeted for restoration.  In addition to the lack of a coordinated management strategy, there have been substantial permitting obstacles to achieving limited reclamation on some of these lands, not the least of which relate to water rights, cultural resource concerns, and permitting of impacts to waters of the state.  

Work Element C Tasks

The goal of these tasks of this work element will be to develop a plan, in association with the owners of land being reclaimed for wetlands, that will define the role these wetlands can and will play in improving the water quality of UKL.

1. Establish a reclaimed wetlands working group, comprised of representatives of the reclaimed wetland area landowners, and initially facilitated by representatives of the Center for Lakes and Reservoirs, to explore the potential role of reclaimed wetlands for water quality improvement, to share findings on wetland reclamation methods, to assess obstacles to reclamation progress, review and explore sources of funding for reclamation, and to develop a common strategy for implementing a coordinated use of reclaimed wetlands for the improvement of lake water quality.

2. Assess the status of wetland reclamation, and its potential on lands targeted for reclamation, through site visits, interviews with reclamation managers, and review of all monitoring reports and data collected related to the reclamation.

3. Define the extent of pollution from agricultural practices on adjacent stream or lake waters from these reclaimed wetland areas prior to conversion to wetland from best available information and supplemental analyses.

4. Define the opportunity and obstacles to circulation of stream or lake water through reclaimed wetland areas for purpose of water quality improvement, including need for fish screens for protecting stream or lake fish.

5. Assess the opportunity for coordinated pump discharge of winter flooding of wetland vegetation, or from flooding of transitional farm crops such as barley, into Agency Lake for potential control of Aphanizomenon by means of marsh or crop decomposition products; test the quality of water overlying decomposing marshes or crops; assess regulatory constraints on pump discharge of expected volumes and quality of discharge.

6. Design small scale demonstration projects on reclaimed wetland areas to test the potential benefit of circulating stream or lake water through wetland areas for water quality improvement; obtain review of the proposed projects by landowners; devise funding opportunities for facilitating these projects; and define a process for obtaining final approvals for implementation.

7. Design monitoring programs for the small-scale demonstration projects that will provide data and analytical techniques to assess the seasonal performance of wetlands for water quality improvement; develop a quality assurance plan for the proposed monitoring program.

8. Estimate the potential benefit on lake water quality from the full-scale operation of the reclaimed wetland areas through pumped discharge of winter-time flood waters and summer recirculation of stream and lake water, with estimated costs of development, including pumps and fish screens, and operation costs, and, an assessment and permitting plan to facilitate rapid implementation.

Element D:  Using information from Element A, characterize the pre-settlement, pre-diking-draining extent and function of wetlands in UKL

Element E:  Develop a proposal to increase water production from the Klamath Forest Marsh area, and provide a preliminary assessment of the effects of this project on publicly and privately owned marsh lands and wetlands

PHASE 2

Element A:  Implement plan for small-scale reassociation of areas intended for wetland restoration behind the dikes at UKL with the lake

Element B:  Implement plan to scale up in-lake test of influence of marsh decomposition products on growth of Aphanizomenon flos-aquae 

Element C:  

PHASE 3

Element A:  Implement full-scale reassociation of reclaimed wetlands with UKL

Schedule and Budget

Center for Lakes and Reservoirs Qualifications for Project

Project Team Members and Management

Mark D. Sytsma, Ph.D.


Director, Center for Lakes and Reservoirs
Environmental Sciences and Resources
Portland State University

Dr. Mark Dr. Sytsma has over 20 years experience in applied limnology and aquatic biology and management. He received his Ph.D. in Ecology from UC-Davis in 1992.  Since 1994, he has been on the faculty at Portland State University where he is an Associate Professor of Environmental Sciences and Resources and director of the Center for Lakes and Reservoirs (CLR).  The CLR was established by the Oregon legislature to address lake, aquatic weed, and invasive aquatic species issues in the state. Dr. Sytsma is a past-president of the Western Aquatic Plant Management Society, is a founding member and coordinator of the Columbia Aquatic Nuisance Species Initiative, and is on the executive committee of the Western Regional Panel on Aquatic Nuisance Species and the Oregon Invasive Species Council. Dr. Sytsma has received over $1.5 million in grants and contracts in the past three years for work on aquatic ecosystem management. Current projects include development of lake nutrient criteria and an inventory of lakes in EPA Region 10, survey of invasive species in the lower Columbia River, regional coordination of aquatic nuisance species management, technical assistance in lake management, and development of the Oregon Aquatic Nuisance Species Management Plan.  Major funding sources include US EPA, Pacific States Marine Fisheries Commission, Oregon Watershed Enhancement Board, US Coast Guard, US Fish and Wildlife Service, and the Bonneville Power Administration. Dr. Sytsma will assist in design and implementation of all project elements and be primarily responsible for project administration at PSU. 


Stan Geiger, M.S.
Project Manager, Team Investigator

Center for Lakes and Reservoirs

Stan Geiger, wetland scientist and phycologist, has 26 years of professional and managerial experience as a consulting scientist.  His experience includes strategic planning for environmental permitting, wetland and watershed restoration, design and construction of treatment wetlands, development of natural resource management plans, development of receiving water nutrient standards, and management of multidiscipline project teams.

Mr. Geiger is a professional wetland scientist and has managed the design, construction, and monitoring of constructed wetlands and steam enhancements.  Many of these wetlands have functioned to improve the quality of storm and wastewater or have been developed as wetland and wildlife habitat as compensatory mitigation.  He has been active in the development of wetland mitigation banks for operation by both private and public sector clients. 

Mr. Geiger has been involved extensively in the permitting of development projects with potential impacts on a variety of natural resource elements, including receiving waters, wetlands and threatened and endangered plant and animal species. He has been the principal investigator and project manager on projects that have entailed the collection and analysis of flow and water quality data to assess sources of nutrients to receiving waters.  He has authored restoration analyses that set direction for the restoration of wetlands, watersheds and associated streams and lakes.

He has addressed the practical problems of managing over-fertilized lakes in a variety of long-term quantitative studies of lakes in Oregon and Washington.  He has managed USEPA Clean Lake-sponsored studies of Lacamas Lake in Washington and Blue Lake and Garrison Lake in Oregon.  He has managed a public-private partnership study of Lake Oswego on the Tualatin River in Oregon for the Unified Sewerage Agency, the Lake Oswego Corporation and the Oregon Department of Environmental Quality. 

Mr. Geiger's research interests and work as a consulting scientist have included the use of Geographical Information Systems for organizing and assessing lanscape data; study of plants and their interaction with aquatic environments; creation and assessment of new wetlands; control and management of nuisance wetland species, such as Eurasian water-milfoil and reed canarygrass; study of algal and aquatic macrophyte responses to eutrophication; and distribution of algae in oligotrophic and eutrophic lakes in the Northwest.  

Education

Post-Graduate Studies

     Portland Community College, 1998

     Portland State University, 1975-1981

     Oregon State University, 1973-74

M.S. Botany, Phycology, University of Missouri, 1973

M.Div. Theology, Psychology, Yale University, 1963

B.A. Philosophy, Biology, Central Methodist College, 1958

Certifications

Society of Wetland Scientists Professional Wetland Scientist  000454

Eric Henry, Ph.D.

[Need rearranging somehow]

EDUCATION:
Institution Major [huh?]
Degree

University of British Columbia Botany Ph.D. 11/80
Oregon State University Botany M.S. 1/76
University of Connecticut Biology B.A. 6/71

Post-doctoral research fellowships from 1980 to 1988 at Harbor Branch
Oceanographic Institution, Memorial University of Newfoundland, University
of Konstanz (Germany); research focus: life histories and systematics of
marine algae

Research Associate at Oregon State University from 1988 to 1995; research
focus: viruses infecting algae

Technical and Quality Manager at PuriPonics LLC 1996- present; research
focus: physiology and mass-culture of freshwater microalgae, especially
isolates from Upper Klamath Lake.

Areas of expertise: Culture studies of algal life histories and physiology;
mass-culture of algae; algal viruses; algal systematics; light and electron
microscopy

John Rueter, Ph.D.

[need a bit more here, too modest by far]

John Rueter is a professor in the Environmental Sciences Program at PSU.
His research interests include; photosynthesis responses, trace metal
nutrition and modeling approaches for algal metabolism.  His laboratory is
equipped for photosynthetic oxygen production, pigment analysis and
fluorometric assays of reactive oxygen species.  Professor Rueter received
his Ph.D. from MIT in 1979.
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