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a. Abstract 
A multi-year, salmon carcass enrichment project is described for tributaries to the Clackamas (Willamette Subbasin) and Sandy (Sandy Subbasin) rivers.  The levels of nutrients (primarily nitrogen and phosphorus) in river systems throughout the Pacific Northwest have been directly linked to the abundance of salmon carcasses.  These essential nutrients, in turn, drive the productivity of freshwater ecosystems thus aiding in the production of juvenile (parr and smolt) salmon themselves.  With the large loss of naturally spawning salmon as compared to historic levels, many watersheds are believed to be operating far below capacity.  Hence, in recent years many projects have been implemented to increase the density of salmon carcasses through supplementation in order to boost productivity.  Most of these efforts have been fairly small scale and have not been accompanied by a rigorous monitoring program to evaluate their overall effectiveness.  In this project, we propose to treat entire watersheds (i.e., total distance of potential anadromy), including five that coincide with ongoing smolt production evaluations over the last several years.  Surplus hatchery salmon will be added to treatment watersheds by helicopter and hand application at a rate of 2,500 lbs. per mile.  This project was developed in a randomized block design, utilizing a series of replicate treatments and controls.  It is also designed in a before-after-control-impact experimental framework, taking advantage of eight watersheds for which ongoing smolt production studies are occurring.  To our knowledge, this is the first large-scale, salmon carcass enrichment project proposed in a comprehensive manner allowing for a thorough evaluation of overall project effectiveness.  A comprehensive, effectiveness monitoring and evaluation component of this project will investigate food web responses.  A pilot project was successfully implemented (without BPA funding) in the fall of 2001 to test helicopter applications and evaluate operational protocols.  Additionally, baseline monitoring efforts were initiated.  This is a joint project between the U.S. Forest Service, Oregon Department of Fish and Wildlife, Portland General Electric, Bureau of Land Management, U.S. Fish and Wildlife Service, Northwest Steelheaders, and Trout Unlimited.  This project is intended for a three-year timeframe, at which time continued salmon carcass applications would be re-evaluated based on monitoring results.  Should surplus hatchery salmon carcasses be limited in a given year, then additions of salmon carcass analogs or inorganic supplements will be investigated to maintain elevated nutrient levels in treatment watersheds.                 

b. Technical and/or scientific background
A great deal of effort and attention has been given to restoring the physical components of freshwater aquatic habitats to restore salmon runs in the Pacific Northwest over the last two decades.  Considerable funds have been expended to improve the quantity and quality of spawning and rearing habitats, while only recently have efforts been directed towards the biotic component of freshwater aquatic habitats with particular attention to the role of salmon carcasses.  Over 95 percent of the body weight of Pacific salmon is amassed while in the marine environment.  This biomass is deposited in freshwater environments when salmon return to their natal streams, spawn, and die.  This mass transfer of nutrients and organic matter is an important ecological process that drives the biological productivity of freshwater environments (Kline et al. 1990; Groot and Margolis 1991; Bilby et al. 1996; Ben-David et al. 1997; Bilby et al. 2001).  

Historically, large runs of Pacific salmon provided entire watersheds with critical marine derived nutrients and organic material (Michael 1998; Gresh et al. 2000).  Undoubtedly, declining native salmon runs have truncated this massive flow of nutrients and organic material back upriver resulting in impoverished nutrient levels compared to historic levels.  Bilby et al. (1998) state “it is likely that the decreased numbers of returning salmon have decreased the capacity of the freshwater habitats where they spawn to support juvenile salmon and other aquatic biota.”  In fact, this widespread nutrient deficiency phenomenon may be hindering the recovery of salmon populations (Michael 1998).

The nutrients and organic matter afforded by salmon carcasses are used by organisms at literally all levels of the food chain.  This material is then cycled through the ecosystem via consumption as prey or food items by other organisms (Bilby et al. 1996; Michael 1998).  An increase in natural spawners provides the nutrient and organic material that stimulates lower trophic levels, both scavengers and detritivores, which in turn provides a greater food base for juvenile salmon and other fishes (Mathisen et al. 1988; Bilby et al. 1996; Wipfli et al. 1998; Wipfli et al. 1999).  In watersheds that are nutrient-limited, even small increases in limiting nutrients can dramatically increase productivity (Gregory et al. 1987; Kyle et al. 1997; Wipfli et al. 1999).
Ultimately, an increase in stream productivity and abundance of prey items should improve the fitness and increase growth rate of fry and parr salmon, thus decreasing time to smoltification (Groot and Margolis 1991; Wipfli et al. 1999).  Bilby et al. (1998) observed increased densities and body weight and improved condition factor for juvenile coho and steelhead in reaches supplemented with salmon carcasses in two small streams in southwest Washington.  The life-stage survival benefits to salmon as a result of increased carcass deposition is likely to accrue over time.  An increase in fry and parr body size can improve overwinter survival in freshwater habitats (Quinn and Peterson 1996).  An increase in body size at smoltification can improve ocean survival (Ward and Slaney 1988; Holtby et al. 1990).       
Salmon carcasses also benefit many other animal and plant species.  A proportionately high level of marine-derived nitrogen can be found in the tissue of plants and animals living along streams containing abundant salmon runs (Bilby et al. 2001).  Cederholm et al. (1989) identified twenty-two mammal and bird species that directly consume salmon carcasses, ranging from shrews to black bears and winter wrens to red-tailed hawks.  Spawning salmon appear to be a critical food resource for some vertebrate predators and scavengers in certain regions.  There is evidence for some wildlife species that the availability of spawning salmon is critically important for their survival and reproduction  (Willson and Halupka  1995).  Salmon have, thus, become known as a keystone species, establishing a significant ecological link between the aquatic and terrestrial ecosystems.   

Clearly, “Pacific salmon are not only a product of the ecosystems where they spawn and rear, but also make a critical contribution to the ecological health and productivity of these systems,” according to Bilby et al. 2001.  Therefore, the role of salmon and the availability of carcasses must be considered as part of any comprehensive approach to restore freshwater habitat productivity.  Many current restoration approaches couple improvements in land use practices with direct efforts to alter stream channel features to create improved physical habitat conditions for target salmon species.  However, these restoration attempts may be of limited success without sufficient salmon carcass loading to elevate a watershed’s capacity to produce enough of a food base to support viable salmon populations (Bilby et al. 2001).    

We propose a large-scale salmon carcass enrichment project that is designed within a framework of watersheds that have been monitored over the last several years for coho and steelhead smolt production.  The carcass enrichment treatments are large-scale in that entire watersheds, that is the full extent of potential anadromous habitat, will be treated at a rate assumed to be near the saturation point for the index of 15N enrichment based on carcass loading (kg/m2) as defined in Bilby et al. (2001).  A significant amount of peer review has already been conducted in project development and design.  Dr. Ken Ashley with the Ministry of Land, Water, and Air Protection in British Columbia provided extensive input and recommendations both in the field and office.  A significant effort was initiated to collect baseline water chemistry data to more thoroughly evaluate limiting nutrients.  Project design input was given by a biometrician, Dr. Brett Roper, at the Forest Service National Aquatic Ecology Center in Logan, Utah.  A randomized block design was chosen with 5 treatment watersheds and 3 controls (Table 1).  Pre-treatment smolt evaluations for a minimum of two years (2001 and 2002) further enables a before-after-control-impact comparison of fish response data.  

Table 1.  List of Treatment and Control Streams in Clackamas and Sandy Rivers.

	Stream
	Status in

 M&E Design
	Year in which Smolt Production

Evaluations Began
	Length of

Anadromy
	Primary Land

Ownership

	Clackamas River
	
	
	
	

	     Clear Cr
	treatment
	1999
	10 mi
	Private

	     Deep Cr
	control
	2001
	7 mi
	Private

	     North Fk Eagle Cr
	treatment
	1997
	5 mi
	BLM and Private

	     North Fk Clackamas R
	treatment
	1997
	3.2 mi
	BLM and PGE

	     Fish Cr
	control
	1985
	12 mi
	USFS

	     Oak Grove Fk
	treatment
	1994
	3.1 mi
	USFS

	
	
	
	
	

	Sandy River
	
	
	
	

	     Lost Cr
	treatment
	2001
	4 mi
	USFS

	     Still Cr
	control
	1995
	14 mi
	USFS


c. Rationale and significance to Regional Programs
This project may prove vital to restoring freshwater habitats in the Clackamas and Sandy rivers thus aiding in the recovery of listed and proposed salmon evolutionarily significant units (ESUs).  The project fits well into other ongoing habitat restoration efforts within both rivers, and nests well into several existing regional programs.

Relationship to Willamette (Clackamas) Subbasin Summary

A draft of the Willamette Subbasin Summary was prepared October 26, 2001 for review and approval by the Northwest Power Planning Council (NWPPC).  The Clackamas River Watershed is included in this large subbasin.  The subbasin summary provides a description of the subbasin itself and the fish and wildlife resources within it.  Furthermore, it outlines the present management strategy for the subbasin and summarizes fish and wildlife needs.  This summary was developed by Rick Bastasch, Executive Director for the Willamette Restoration Initiative, with contributions and assistance from Anita Bilbao (BLM), Greg Sieglitz (ODFW), and members of the Willamette Implementation Team.

A group of scientists, convened by ODFW in 1998, identified the causes of decline for salmonids in the Willamette Subbasin in a report entitled, “Factors Influencing Production of Willamette River Salmonids & Recommendations for Conservation Actions” (Martin et al. 1998).  Thirteen key factors for decline were identified and numerous conservation measures were developed to halt further decline and spur recovery.  Eight of 13 factors for decline are habitat-related.  Six of these eight habitat-related factors for decline are attributed to a reduction in habitat quality, ultimately affecting the capacities of watersheds to support salmonid populations.  Table 2 summarizes the factors for decline as presented in Martin et al. (1998).  Those habitat-related factors pertaining to degradation of habitat quality are shaded. 

Table 2.  Factors for Decline of Willamette Basin Salmonids (not ranked; Martin et al. 1998) – taken from draft Willamette Subbasin Summary (dated October 26, 2001)

	1. Blockage of headwaters on major tributaries by large hydro dams

	2. Passage impediments on smaller tributaries by diversions and culverts.

	3. Channelization, loss of complex island/sidechannel habitat, gravel removal, and stream system disruption from urbanization

	4. Change in stream temperature regimes.

	5. Deteriorating water quality particularly in the mainstem Willamette and lower reaches of key tributaries.

	6. Loss of wetlands and riparian shade, structure and diversity.

	7. Loss of quantity and quality of holding pools for adults and juveniles. 

	8. Change in flow regimes

	9. Invasive fish, wildlife, and plant species

	10. Loss of stock diversity

	11. Excessive harvest rates in the past

	12. Adverse ocean and estuary conditions.

	13. Predation by birds, other fish, and marine mammals.


The group of scientists went on further to identify conservation actions to address these limiting factors.  A total of 12 key conservation measures were identified, for which one relates specifically to nutrient enrichment through increased escapement of adult salmon and the artificial placement of fish carcasses (Table 3).

Table 3.  Key Salmon Conservation Measures for the Willamette Subbasin from Martin et al. (1998) – taken from draft Willamette Subbasin Summary (dated October 26, 2001)
	1. Floodplain restoration (including active reconnection of off-channel sloughs and backwaters, altering flow releases from reservoirs, more effective riparian protection, and more functioning wetlands).

	2. Hydrologic management to begin to restore the natural flow and temperature patterns to the extent possible.  

	3. Predator control, particularly in the short term, when runs are so low and alternate prey seems scarce.  

	4. Substantially reduced harvest rates on chinook and juvenile steelhead (including through incidental trout fisheries)

	5. Reduced hatchery impacts by limiting effects of strays, reducing competition/predation of wild juveniles by hatchery releases, and by reducing the predator aggregation from massive releases of hatchery juveniles. 

	6. Reduce impacts from exotic fish species.

	7. Land use regulations and incentives should be used to increase protection of currently productive habitats and to encourage future restoration.  

	8. Improved urban stormwater management

	9. Nutrient enrichment through increased escapement of adult salmon and the artificial placement of fish carcasses.  

	10. Providing passage at dams and diversions.

	11. Identify and protect key watersheds with high current production as salmon refuges to ensure a base for recolonization (e.g., the McKenzie, Clackamas, Sandy and Little North Fork Santiam).

	12. Education and monitoring to inform people about the causes of habitat degradation and involve them in monitoring results.


Relationship to Sandy Subbasin Summary

A draft Sandy Subbasin Summary was also developed in October 2001 for review and approval by the NWPPC.  This effort was guided by the leadership of Greg Seiglitz (ODFW), with contributions made by representatives from Clackamas County, Multnomah County, Sandy Basin River Watershed Council, U.S. Fish and Wildlife Service, U.S. Forest Service, and Natural Resources Conservation Service.  Similar to the summary for the Willamette Subbasin, this subbasin summary also provides a descriptive overview of the subbasin itself and the fish and wildlife resources within it.  It also identifies factors limiting production, summarizes past restoration efforts, and outlines the present management strategy for the subbasin.  A summary of fish and wildlife needs is given along with monitoring, research, and evaluation needs.   

Factors identified as responsible for the decline of fish species in the Sandy Subbasin are similar to those listed for the Willamette Subbasin, above, in Table 2.  Again, the majority of factors for decline are habitat-related.  A total of 14 fish and wildlife needs were identified in the draft subbasin summary.  Twelve of the 14 needs identified are habitat-related, one of which specifically addresses the role of salmon carcasses in the aquatic ecosystem (Table 4).  

Table 4.  List of Fish and Wildlife Needs from draft Sandy Subbasin Summary.

1. Improved in-stream habitat structure.

2. More and better-connected habitat, especially riparian habitat.

3. Improved riparian structure and function.

4. More natural streamflow regimes, especially in low flow months.

5. Higher quality water with temperatures closer to natural historic patterns.

6. A reduction in human-caused water quality degradation resulting from sources such as stormwater and road runoff, agricultural runoff and sediment from a range of land management and development activities.

7. Improved floodplain function and hydrologic integrity including reconnection of side channel areas and wetlands.

8. Improved fish passage by continuing to identify and correct barriers such as culverts, bridges, weirs and diversion dams.

9. A coordinated and consistent subbasin-wide fish passage barrier inventory to accurately reflect the loss of access to high quality spawning and rearing habitats and to optimize habitat recovery.

10. Reduced harvest rates on chinook and steelhead.

11. Reduced hatchery impacts by limiting effects of strays, and reducing competition and predation of wild juveniles by hatchery releases.

12. Land use regulations and incentives should be used to increase protection of currently productive habitats and to encourage future restoration.

13. Nutrient enrichment through increased escapement of adult salmon and the artificial placement of fish carcasses.

14. Education and monitoring to inform people in the subbasin about the causes of habitat degradation and involve them in monitoring results.

Relationship to Oregon Salmon Plan

Protection and restoration of aquatic habitats is one of the key principles underpinning the Oregon Salmon Plan.  A clear basis is provided for implementing comprehensive approaches to habitat restoration.  In fact, the plan has guided the development of specific restoration initiatives, one of which relates directly to the addition of surplus hatchery salmon carcasses to critical areas in order to increase production for native spawners.  The stated goal is “to increase the production of wild coho salmon by placing surplus salmon carcasses in spawning and rearing areas as a nutrient and food supplement.”    

Relationship to Columbia Basin Fish and Wildlife Program

The Northwest Power Planning Council’s 2000 Columbia River Basin Fish and Wildlife Program provides a vision for the basin where there is a:  

“Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effect to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region…  Where feasible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River Basin.”

The 2000 Fish and Wildlife Program is a habitat-based program aimed at rebuilding healthy, naturally producing fish populations through protection, mitigation, and restoration of their habitats and the biological systems within them.  The program strongly emphasizes the role of adaptive management – those actions must be taken in an adaptive, experimental manner since ecosystems are complex and highly variable.  Consequently, habitat restoration actions that are taken must be done in a manner using experimental designs and techniques as part of the actions themselves.  Monitoring and evaluation must be integrated into the habitat restoration actions in order to evaluate their effects on the ecosystem.  

As part of the scientific foundation for the 2000 Fish and Wildlife Program, a total of eight scientific principles are set forth.  This salmon carcass enrichment proposal nests easily into four of the eight scientific principles:

Principle 1:  The abundance, productivity, and diversity of organisms are integrally linked to the characteristics of their ecosystems.

This proposal clearly recognizes that the abundance, productivity, and diversity of salmon species in the Clackamas and Sandy rivers are inextricably linked to the shape and character of their ecosystems.  The proposal recognizes that the combination of suitable habitats together with critical ecological functions (i.e., the role of salmon in the ecosystem) form the ecosystem structure and function required to support desired abundances of fishes.

Principle 4:  Habitats develop, and are maintained, by physical and biological processes.

This proposal recognizes a key component of freshwater habitat development – the marine-derived nutrient contribution from salmon carcasses.  It recognizes that habitat productivity is driven by this biological process, and underscores the how important it is for habitat restoration projects to be planned and implemented with an understanding and appreciation for these underlying habitat-forming processes. 

Principle 5:  Species play key roles in developing and maintaining ecological conditions.

This proposal recognizes and the role of salmon in both the aquatic and terrestrial ecosystems.  Salmon are a keystone species.  The abundance and viability of other aquatic and terrestrial species are integrally linked to the abundance of salmon in the ecosystem.  

Principle 7.  Ecological management is adaptive and experimental.  

This proposal provides an adaptive management approach and was designed in an experimental fashion.  The monitoring and evaluation results from this project may be broadly applicable to other salmon carcass enrichment actions in the Lower Columbia Province, other provinces within the Columbia River Basin, and other regions outside the basin.  

The primary habitat strategy outlined in the 2000 Fish and Wildlife Program underscores the need to “identify the current condition and biological potential of the habitat, then protect or restore it to the extent described in the biological objectives.”  The biological objectives for both the Willamette (Clackamas) and Sandy subbasins will be developed and peer-reviewed during the more detailed development of revised subbasin plans.  In the interim, however, it is critical to note that this proposal ties directly into both draft subbasin summaries currently available.  This proposal also relies upon the collective work of scientists (Martin et al. 1998) to assess current conditions, identify limiting factors, and recommend immediate conservation measures.  This proposal is aimed at restoring the aquatic ecosystem, which in turn will benefit not only the terrestrial ecosystems but also the very salmon populations we are intending to recover.  

Relationship to NMFS BiOp on FCRPS 

Section 9 of the Biological Opinion (BiOp) prepared by the National Marine Fisheries Service (NMFS) for the operation of the Federal Columbia River Power System (FCRPS) identifies reasonable and prudent alternatives (RPAs) for the responsible action agencies.  Section 9.6.5.3.3 addresses effectiveness monitoring for offsite habitat mitigations.  The evaluation of offsite habitat mitigation project effectiveness is critical for addressing compliance with key performance standards.  Specific monitoring studies at the Tier 3 level that reduce the uncertainty around reproductive success or life-stage specific survival of naturally spawning salmon are called for.  It is recommended that studies be conducted within an explicit experimental framework, including both treatment and control sites.  RPA #183 calls for the action agencies to:  

“Initiate at least three tier 3 studies (each necessarily comprising several sites) within each ESU.  At least two studies focusing on each major management action must take place within the Columbia River basin.  The Action Agencies shall work with NMFS and the Technical Recovery Teams to identify key studies in the 1-year plan.  Those studies will be implemented no later than 2003.”         

The 2000 FCRPS BiOp clearly states that each major habitat action should be assessed immediately to obtain enough information for a complete evaluation at the 5- and 8-year check-in points for evaluation of performance standard attainment.  Habitat management actions falling into this category include “enhanced levels of marine-derived nutrients” (page 9-170).   

d. Relationships to other projects 
This salmon carcass enrichment proposal complements the many other aquatic habitat restoration projects ongoing and past investments made in both the Clackamas and Sandy rivers.  Federal, state, county, and local governments as well as private and non-government entities have invested a significant amount of funds in both river systems over the last several decades.  Many past and present restoration projects are aimed to reduce sediment, improve riparian condition, provide fish passage at human-related barriers, improve floodplain function and connectedness, increase habitat complexity, and provide streamside shade.  However, only limited efforts have been made in both river systems to supplement salmon carcasses.  This project proposal recognizes the importance of salmon in the ecosystem and attempts a large-scale restoration effort within an adaptive management framework that will increase the overall food production and availability to ultimately aid in the recovery of salmon populations.  This action, implemented at the scale proposed herein, may prove to be that missing piece from past restoration strategies.  The Mt. Hood National Forest undertook a watershed restoration prioritization effort in 2001.  Results from this analysis indicate the majority of priority watersheds for restoration treatment occur within the Clackamas River and portions of the Sandy River Subbasin.  Additionally, the City of Portland in its lead role with the Sandy River Basin Agreement Team (SRBAT) has sponsored a full Ecosystem Diagnosis and Treatment (EDT) evaluation of the Sandy River Subbasin.  The SRBAT is comprised of all government and non-government stakeholders in the subbasin.  The proposed project, herein, and the associated monitoring that will accompany it will provide useful insight into the EDT model predictions for productivity both with and without salmon carcass supplementation.  Actual smolt production monitoring will prove as a useful validation for this model.  Since the EDT model is being broadly applied throughout the Columbia River Basin and elsewhere, the results from this project may prove quite useful on a broad-scale.     

A related BPA project (No. 2002 - Influences of Stocking Salmon Carcass Analogs on Salmonids in Columbia River Tributaries) is currently underway in the mid-Columbia (Yakima and Klickitat rivers) and Snake River (Salmon River) regions and is led by Dr. Todd Pearsons (WDFW).  This project involves the development and production of salmon carcass analogs and the evaluation of food web responses on their addition to small stream reaches.  While our project proposes to evaluate some similar food web responses, it is important to recognize that the Pearsons et al. project focuses entirely on food web responses associated with salmon carcass analogs.  Our project proposes an opportunity to evaluate the effectiveness of large-scale salmon carcass supplementation on fry, parr, and smolt production.  Given that we have nested our project within a broader framework of ongoing smolt production studies, we have a unique ability to evaluate the effectiveness of salmon carcass supplementation at a much larger spatial and temporal scale.  The monitoring and evaluation results from our project will be of high value to others contemplating similar habitat restoration activities in other portions of the Columbia River Basin.  

Collaboration with Other Agencies

Through a Memorandum of Agreement (MOA) with the Oregon Department of Fish and Wildlife (ODFW) and the Oregon Department of Environmental Quality (DEQ), all necessary permitting and water quality compliance matters are set in place for this project.  DEQ is responsible for regulating water quality in Oregon.  Placement of fish carcasses from hatcheries into streams is regulated under an NPDES permit issued pursuant to ORS 468B.050 and the Clean Water Act.  DEQ believes compliance with the conditions of the NPDES permit will achieve the criteria for water quality management in all treatment streams.

All NEPA has been completed for this project (see below under Project History).  As such, all requirements for Section 7 ESA consultation have been satisfied.  All salmon carcasses for supplementation will come from within-river system hatcheries in accordance with ODFW guidelines to alleviate concerns for possible disease transmission.  All surplus hatchery fish supplemented in the Clackamas River System will come from the Eagle Creek National Fish Hatchery (USFWS) or the Clackamas River Hatchery (ODFW).  All surplus hatchery fish supplemented in the Sandy River System will come from the Sandy River Hatchery (ODFW) located on Cedar Creek.  

Collaboration with other agencies is accomplished through the multi-partner, cost-sharing aspect of this project.  The many other agencies and entities for which collaboration is essential are actual partners in this project.    

e. Project history 
n/a – this is a new BPA project proposal.  However, in partnership with the Oregon Department of Fish and Wildlife, the Mt. Hood National Forest completed project planning, design, NEPA, and ESA Section 7 consultation for this project in fiscal year 2001 (including treatment watersheds on non-federal lands).  Additionally, test applications were made in the fall of 2001 to evaluate the logistics and feasibility for adding salmon carcasses by helicopter.  A total of 21 tons of surplus hatchery coho salmon were added to tributaries in the Clackamas River and 16 tons in the Sandy River.  Selected tributaries for test applications were located outside of the designated eight watersheds included in this project (Table 1) so as not to jeopardize the integrity for yielding insightful monitoring results.  Results of test applications were positive, indicating that use of a helicopter provides a feasible means for distributing large quantities of salmon carcasses over a long stream distance.  In partnership with Columbia Helicopters, Inc., the Mt. Hood National Forest designed a retrofitted gravel bucket used to haul large quantities of salmon carcasses by remote long-line.  It would not have been practical to apply these quantities of salmon carcasses to streams, for which many stream reaches are in remote locations, by use of laborers.  In addition to test applications of salmon carcasses, initial monitoring efforts were begun in 2001 to document baseline water chemistry, test monitoring protocols for periphyton and aquatic macroinvertebrates, and evaluate carcass retention.  Additional funds are requested, through this project proposal herein, to implement out-year operations and related monitoring tasks.     

f. Proposal objectives, tasks and methods
Salmon Carcass Supplementation

Objective 1 – Supplement treatment watersheds with surplus hatchery salmon annually to increase nutrients and food base for increased ecosystem production.

The Mt. Hood National Forest and Oregon Department of Fish and Wildlife will implement the operational tasks associated with this objective jointly.  Surplus hatchery fish to be supplemented in Clackamas River may be a combination of winter steelhead, spring chinook, and fall coho.  The majority of surplus hatchery fish to be supplemented within the Clackamas River will be fall coho.  For the Sandy Subbasin, however, only surplus hatchery fall coho will be used.

Task 1.1 – Add surplus salmon carcasses to treatment watersheds.

As surplus winter steelhead and spring chinook become available, ODFW will take the lead in distributing these carcasses by use of laborers (provided as in-kind from contributing partners).  As surplus fall coho become available at the Eagle Creek National and Sandy River hatcheries, staff from the Mt. Hood National Forest will take lead on preparing for large-scale storage and distribution of carcasses.  Mobile refrigeration trucks will be used to store surplus carcasses until enough are collected over the spawning migration period.  Once sufficient quantities of surplus carcasses are stored, carcasses will be delivered to treatment watersheds by combination of helicopter and labor crews.  These tasks will be contracted out.  However, staff at the Mt. Hood National Forest staff will oversee administration.  Application rates of salmon carcasses will be done in accordance with DEQ MOA requirements (no more than 2,500 lbs./mile) and will be calculated in a manner to achieve an optimal level of saturation based on the index of 15N enrichment as a function of carcass density (kg/m2) in Bilby et al. (2001).       

Monitoring & Evaluation

We propose to evaluate the influence of marine-derived nutrients from salmon carcasses on the productivity and sustainability of stream food webs in the five treatment watersheds in the Willamette (Clackamas) and Sandy subbasins.  Spawning salmon annually transport millions of tons of carbon, nitrogen, phosphorus, and other nutrients, from the ocean to many freshwater ecosystems throughout the Pacific Rim.  For example, densities of dead salmon can range from zero or nearly zero per m2 in streams that have lost their runs in parts of the Columbia River Basin to several fish per m2 in the Russian Far East and Southeast Alaska (cf., Pacific Rim Wild Salmon and Steelhead Conference, Nov. 5-6, Portland, OR).  We hypothesize that salmon enrichment subsidizes food web productivity and the nutritional health of stream communities, thereby sustaining more productive food webs and producing more fish biomass.  Our goal is to monitor how stream food webs respond to the addition of salmon carcasses, and to assess the management option of adding hatchery salmon carcasses to streams as a tool for stream restoration in the Clackamas and Sandy river systems.

Table 5.  Responses to be measured, responsible Principle Investigator (PI), brief methods, and selected key references.  PI key: MW=Mark Wipfli; Dan Shively = DS.

	Response (and PI)
	Method

	References


	Biofilm and invertebrate mass – Objective 2 (MW, DS)
	Biofilm collected from pre-positioned clay tiles, dried, weighed, ashed, and reweighed; Invertebrates collected from substrate baskets, identified to family, and dried and weighed.
	Lamberti et al. 1991; APHA et al. 1992; Merritt et al. 1996; Wipfli et al. 1998, 1999. 

	Food web lipids and fatty acids – biofilm, invertebrates and fishes – Objective 2 (MW, DS)
	Tissue from resident salmonids analyzed for lipid and fatty acid content and composition 
	Korn and Macedo 1973; Christi 1985; Heintz et al. In review; Wipfli et al. In review

	Smolt yield, condition factor, age at length – Objective 3 (DS)
	Smolt population estimates from treatment and control watersheds as per ongoing smolt evaluation studies in both subbasins.
	Everest et al. (1987).


Objective 2 – Following the addition of salmon carcasses to streams in each of three years, quantify lipid and fatty acid responses within the aquatic food web, and measure biofilm and invertebrate mass.

Task 2.1. Sample major trophic levels of the aquatic food web (e.g., biofilm, invertebrates, and fishes) in treated and control streams.

Task 2.2. Measure biofilm and invertebrate mass, and biofilm, invertebrate and fish lipids and fatty acids.

Task 2.3. Analyze and report on results.

Methods for Objective 2:  Biofilm will be sampled from a known area on clay tiles placed in study reaches.  Samples for mass estimates will be dried, weighed, ashed, and reweighed to determine ash-free-dry-mass.  Invertebrates will be sampled from substrate baskets (Wipfli et al. 1999) within the study reaches, placed in 70% EtOH, and sorted to genus in the laboratory.  Their mass will be determined as described for biofilm.  Invertebrates representing the most universally common feeding guilds – shredders, grazers, collector-gathers or predators will be collected for biomass and lipids/fatty acids.  Steelhead trout and coho salmon (0+, 1+, smolts) will be sampled with baited Gee( traps. Fish fork length and mass will by recorded.  Fish will be collected from pools near each of the same sites noted for biofilm and invertebrates.  For lipid and fatty acid analyses, whole body tissue samples of all sampled components will be prepared for analysis by freezing (liquid nitrogen), drying, and grinding the necessary amount of tissue needed for a sample (Korn and Macedo 1973; Christi 1985; Wipfli et al. In review).  All sampling will be done in April-May and October-November.  Three to five sub-samples of every food web component will be taken from each site.

Invertebrate and biofilm mass determinations and identification will be completed at Oregon State University (under the co-supervision of Dr. Judy Li) and at the Pacific Northwest Research Station in Wenatchee, WA (under the co-supervision of Dr. Mark Wipfli).  Lipid and fatty acid analyses will be conducted at the NMFS laboratory in Juneau, AK, on biofilm, composite groups of invertebrates, and fishes and reported accordingly.

Assumptions:  Density and biomass responses to treatments are expected to be rapid (weeks) and long-lasting (through the year) for biofilm and invertebrates, and slower for fishes.  Hypothesized pathways of incorporation include direct consumption of tissue and eggs and indirect uptake.  Lipid and fatty acid responses are expected to be slower (weeks to months).

Products: Quantified levels of biomass, lipids, and fatty acids within various trophic levels of the aquatic food web for treated and control study areas.  
Objective 3 – Following the addition of salmon carcasses to streams in each of three years, quantify fish responses.

Task 3.1. Estimate coho and steelhead population size each spring in treated and control streams.

Task 3.2. Measure smolt size and weight.  Estimate age from scale samples.

Task 3.3. Analyze and report on results.

Methods for Objective 3:  Coho and steelhead smolt (and outmigrating pre-smolt) population size will be estimated at each of the eight streams identified in Table 1 as per ongoing studies.  Rotary screw traps are operated March through June seven days/week to establish population estimates for each stream.  A known number of fish captures are marked each day and released ¼ mile upstream of the trap sites to establish trap efficiencies over a range of flow conditions for each trap.  Fish at each trap site will be  identified, weighed, and measured.  Scales will be collected from a sub-sample of smolts per length increment over the course of the smolt outmigration period.  Scales will be examined in the laboratory to determine freshwater age for each specimen.  Length at age relationships will be established.  The majority of costs for these tasks are already contributed via several of the partners in this cost-sharing proposal.  The only costs included in this proposal are for processing new scale samples and data analysis and reporting as per the results of this comparative study.      

Assumptions:  Fish responses to treatments are expected to be slower for fishes.  Hypothesized pathways of incorporation include direct consumption of tissue and eggs and indirect uptake.
Products:  Summaries of smolt yield, condition factor, and age at length relationships for treatment and control watersheds.    
Objective 4 – Evaluate water chemistry changes both during salmon carcass additions and seasonally.


Task 4.1. Collect water samples, analyze in laboratory, and report results.

Methods for Objective 4:  Staff from the Mt. Hood National Forest and Pacific Northwest Research Station will be responsible for collecting water chemistry samples in the eight treatment and control watersheds.  Composite grab samples will be collected at one site near the mouth on control streams and two sites (near the mouth and above the treatment reach) on treatment streams.  Samples will be taken once per season (4 times per year) for all eight treatment and control watersheds per year.  During salmon carcass additions, however, weekly samples will be collected on one treatment watershed and one control watershed.  Specific nutrients to be measured include:  total phosphorus, total dissolved phosphorus, orthophosphate, nitrate nitrogen, nitrite nitrogen, and ammonia.  Both pH and conductivity will also be measured.  Samples will be sent to the water chemistry laboratory at Oregon State University for analysis.  

Assumptions:  The amount of dissolved nitrogen and phosphorus is expected to increase significantly immediately following addition of salmon carcasses.  We do not expect to elevate dissolved nitrogen or phosphorus to levels of concern for protection of water quality.  This monitoring will be helpful in interpreting food web responses, but is also an important component of compliance monitoring for the NPDES permit administered through DEQ.  

Products:  Summaries (both graphical and tabular) of water chemistry fluctuations in treatment and control watersheds.

Objective 5 – During addition of surplus salmon carcasses, an evaluation of carcass retention and movement will be made.


Task 5.1. Measure carcass retention within two treatment watersheds.  

Methods for Objective 5:  Using radio telemetry and external marking techniques, staff from the Mt. Hood National Forest and Pacific Northwest Research Station will track the movement and fate of 50 carcasses in two randomly selected treatment streams each year for three years.  Radio tags will be wired to the backbone of each carcass to minimize tag loss.  Tracking will commence once weekly over a 6-8 week period.  Local staff gages will be installed to establish fluvial movement rates based on changes in streamflow.  Additionally, a loss of salmon carcasses is anticipated from vertebrate scavengers.  Externally marked carcasses will be counted during each radio telemetry survey to estimate the proportion lost to vertebrate scavengers.  An estimate for the total carcasses retained and exported out of the watershed will be made for the two randomly selected watersheds evaluated each year.  

Assumptions:  A loss of salmon carcass due to fluvial transport or animal scavenging will lower the overall nutrient loading in the aquatic ecosystem.  There is a need to quantify this loss in order to correct for application rates to ensure 15N enrichment saturation levels are attained as described in Bilby et al. (2001).  

Products:  Summaries (graphical and tabular) of carcass movement rates and retention.  

Objective 6 – Prior to and during addition of surplus salmon carcasses, estimates of escapement for naturally spawning coho will be made.  

Task 6.1 – Estimate the escapement of naturally spawning coho in the eight treatment and control streams.

Methods for Objective 6:  ODFW staff will carry out tasks associated with this objective.  Two 2-person crews will complete area-under-curve spawner escapement estimates for naturally spawning coho in all eight evaluation watersheds.  Surveys will be conducted using the current methodology and standards as employed by ODFW for coastal coho populations.  Each stream will be surveyed once every 10 days.  An estimate for each stream will be made in order to better account for uncertainty in food web responses as a result of temporal variation in naturally spawning coho recruits.  Spawner estimates for winter steelhead are not possible given concerns for visibility during high flow winter months.  However, adult fish passage counts at both North Fork Fish Ladder and Marmot Dam on the Clackamas and Sandy rivers, respectively, will serve as an index for five of the evaluation watersheds in the randomized block experimental design.     

Assumptions:  We assume that spawner densities of naturally spawning coho will be largely driven by ocean survival.  During periods of good ocean survival, a higher number of natural spawners will escape thus contributing to an increase in smolt production.  In order to minimize the uncertainty around fish responses to salmon carcass treatments, it will be imperative to account for changes in natural coho spawner abundance. 

Products:  Summaries of natural coho spawner escapement by stream per year.  

g. Facilities and equipment
Three separate entities are responsible for completing the tasks outlined in this project proposal, and as such can be accounted for separately within the proposed budget:  U.S. Forest Service Mt. Hood National Forest, Oregon Department of Fish and Wildlife, and U.S. Forest Service Pacific Northwest Research Station (in its affiliation with Oregon State University through key personnel listed below).  Separate contracts with each entity will be necessary to minimize multiple sums of overhead that may be assessed if funds were allocated entity only.

Work to be conducted by the U.S. Forest Service Mt. Hood National Forest will occur out of three offices:  the Forest Headquarters (Sandy, OR), Clackamas River Ranger Station (Estacada, OR), and Zigzag Ranger Station (Zigzag, OR).  Needs for office space with support equipment (i.e., computers) and vehicles is currently met.  These items will be furnished by the employing agency of the key and support personnel for tasks implemented by the Mt. Hood National Forest.  Procurement of special or high-cost equipment is not needed.  

Work to be conducted by the Oregon Department of Fish and Wildlife will occur out of the North Willamette Regional Office Complex located in Clackamas, OR.  Office space with support equipment (i.e., computers) is presently available on-site.  Vehicle costs have been included for two vehicles at three months each for spawner survey crews.  Costs for expendable items (i.e., field notebooks, waders, etc.) are included.  

Work to be conducted by the U.S. Forest Service Pacific Northwest Research Station (with affiliation through Oregon State University) will occur out of three locations:  Wenatchee Forestry Sciences Lab, Corvallis Forestry Sciences Lab, and Oregon State University.  
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Section 10 of 10. Key personnel

The three key personnel listed below will provide leadership and oversight to ensure timely and successful project implementation.

1. Dan Shively, Fisheries Program Manager, U.S. Forest Service, Mt. Hood National Forest (Sandy, OR), 0.15 FTE, will serve to direct project operations work on National Forest System Lands (USFS and BLM).  

2. Jim Muck, District Fisheries Biologist, Oregon Department of Fish and Wildlife, North Willamette Region (Clackamas, OR), 0.10 FTE, will serve to direct project operations work on Private Lands.

3. Mark Wipfli, Research Scientist, U.S. Forest Service, Pacific Northwest Research Station, Aquatic and Land Interaction Group (Wenatchee, WA), 0.20 FTE, will oversee implementation of effectiveness monitoring and evaluation components. 

   Dan Shively


Fisheries Program Manager, Mt. Hood National Forest

USDA Forest Service, 16400 Champion Way, Sandy, Oregon  97055

Phone (503) 668-1605, Fax (503) 668-1243, Email: dshively@fs.fed.us
EDUCATION

1989
B.S., Oregon State University, Fisheries Science

PREVIOUS EMPLOYMENT


Present

Fisheries Program Manager, USFS, Mt. Hood National Forest





(Sandy, OR)

1997-2000 Asst. Fisheries Program Manager, USFS, Gifford Pinchot National

Forest (Vancouver, WA)

1993-1997 District Fisheries Biologist, USFS, Mt. Hood National Forest, Estacada

Ranger District (Estacada, OR)

1989-1993 Fisheries Biologist, USFS, Mt. Hood National Forest, Estacada Ranger

District (Estacada, OR)

1987-1989 Fisheries Research Asst., Oregon State University (Corvallis, OR)

1986-1987 Fisheries Technician, Oregon State University (Corvallis, OR)

INTERESTS/EXPERTISE

· Watershed assessment, restoration prioritization and planning

· Fish-habitat relationships

· Aquatic habitat restoration project evaluations

· Salmon recovery planning

· Conservation education

FIVE RECENT RELEVANT PUBLICATIONS AND/OR JOB COMPLETIONS 

Developed and Co-hosted (Master of Ceremonies) three separate American Fisheries

Society Continuing Education Workshops. Prepared a training manual for each.

· “Watershed Restoration Workshop 2001:  Integrating Practical Approaches,” Eugene, OR (>400 participants) – 11/01.

· “Practical Approaches to Restoring Watersheds,” Sun River, OR (>200 participants) – 2/99.

· “Watershed and Stream Restoration,” Portland, OR (>250 participants) – 8/93.  

Serve on Willamette/Lower Columbia Technical Recovery Team (Chair of Habitat Work Group), tasked with developing ESA recovery plan for four listed salmon ESUs, April 2000 to present.

Reeves, G.H., Hohler, D.B., Hansen, B.E., Everest, F.H., Sedell, J.R., Hickman, T.L., and

Shively, D.  1997.  Fish habitat restoration in the Pacific Northwest:  Fish Creek of Oregon.  Pages 335-359 in J.E. Williams, C.A. Wood, and M.P. Dombeck, editors.  Watershed restoration:  principles and practices, American Fisheries Society, Bethesda, Maryland.

Shively, D., and four coauthors.  1996.  Changes in channel characteristics and fish habitat in Fish

Creek and Roaring River, two principal tributaries to the Clackamas River:  comparisons between the 1964 and 1996 flood events.  T.Laenan, editor, Proceedings of the Second Annual Pacific Northwest Water Issues Conference, “The Flood of ’96…”  Portland, OR. 

Shively, D.  1996.  Did the Fish Creek watershed analysis survive the 100-year flood of 1996?

A technical look at watershed analysis sufficiency.  P.Slaney, editor, Proceedings of First International Conference on Restoration of Aquatic Ecosystems; USDA Forest Service and Ministry of Environment British Columbia.  Mesatche, British Columbia
   Jim Muck
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B.S., Oregon State University, Fisheries Science

PREVIOUS EMPLOYMENT

Present
North Willamette Fish Biologist, Oregon Department of Fish and Wildlife, (Clackamas, OR)

1991-2000
Asst. District Fish Biologist, Oregon Department of Fish and Wildlife, (Coos

Bay, OR)
1989-1991
Fish Biologist 1, Oregon Department of Fish and Wildlife, (Clackamas, OR)

1988-1989
Fish Biologist, Idaho Fish and Game, (Boise, Idaho)

1987-1989
Waterway Alteration Coordinator, Oregon Department of Fish and Wildlife, (Portland, OR)

1983-1987
Fish Culturist, Anadromous Inc., (Coos Bay, OR)

EXPERTISE

· Life History relationships of Coho, Steelhead, Cutthroat Trout

· Hatchery Practices

· Habitat Restoration, Watershed Assessment

· Habitat Protection Actions such as Forestry, Agriculture, Wetlands, Water rights

· Warmwater and Salmonid Fish Management

FIVE RECENT RELEVANT PUBLICATIONS AND/OR JOB COMPLETIONS 

Development of the Lower Columbia River Coho Recovery Plan for the State of Oregon.  The ODFW Commission approved this document on July 20, 2001.

I supervised a staff biologist, conducted public steering committee meetings, and produced the Sandy Basin Amendment for the implementation of Fish Management in the event of Marmot dam removal.  The plan was completed in March of 2001.

Received the Agency Pride Award in 2001.  This is given to top 12 employees in the Department each year. 

Evaluation of the Winter Steelhead Program on the South Fork of the Coquille River.  This document covered hatchery-to-wild stray rates in spawning grounds, creel surveys, spawning counts, hatchery release practices and associated marking, etc.  This is an internal document for steelhead management.  1986-87

Completed Restoration Activities on Lampa and Palouse creeks.  These projects included numerous landowner contacts, working with watershed councils, development of projects, and operating under the Oregon Plan.

Mark S. Wipfli

Research Ecologist, Aquatic and Land Interactions Research Program

Pacific Northwest Research Station, USDA Forest Service, Wenatchee, WA, 98801

Phone (509) 662-4315 ext. 224, Fax (509) 664-2742, Email: mwipfli@fs.fed.us
EDUCATION

Ph.D. 
1992  
Aquatic Ecology and Environmental Toxicology, Michigan State University

M.Sc.
1987  
Entomology, University of Wisconsin-Madison

B.Sc.
1984  
Natural Science, University of Wisconsin-Madison

EMPLOYMENT

2001 - present 
Research Ecologist, Pacific Northwest Research Station, Wenatchee, WA

1996 - 2001  
Research Ecologist, Pacific Northwest Research Station, Juneau, AK

1993 - 1995
Postdoctoral Research Assistant, Pacific Northwest Research Station, Juneau, AK 

RESEARCH INTERESTS AND COLLABORATORS

Research interests include understanding the ecological processes that govern freshwater and riparian productivity and community interactions.  Recent work has focused on understanding the role that marine nutrients play in freshwater food web productivity, and understanding the trophic linkages between fishless headwaters and downstream salmonid production.  Cooperators, on both internally and externally funded grants, include Richard W. Merritt (Michigan State University), J. David Allan (University of Michigan), Brendan Hicks (University of Waikato, New Zealand), Peggy Ostrom (Michigan State University), Gary A. Lamberti (University of Notre Dame), Mary F. Willson (University of Alaska, Fairbanks) and Pacific Northwest Research Station scientists Gordie Reeves, Pete Bisson, Paul Hennon, Robert Deal, Tom Hanley, Scott Gende, Toni De Santo, and others.
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