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Project Title: The evaluation of limiting factors on resident and anadromous salmonids in Lake Wenatchee, Washington

Project Sponsor: WDFW Large Lakes Research Unit

Responses provided by: Matt Polacek, Dr, David Bennett, and Dr. Steve Schroder

Thank you for allowing us to respond to the comments generated by the ISRP.  The questions and concerns have led to significant improvements in this study.  If we can provide any additional information about the project we would be pleased to so.

Sponsor Summary

Successful salmonid stocks in reservoirs and lakes within the Columbia Basin cannot occur without first overcoming significant biological and logistical challenges. This project can act as an important template for how to access the importance of potential limiting factors on salmonid productivity in these lakes. The project sponsors have proposed to conduct baseline data collection in a lake system where very little data and information currently exists.  The presence and utilization of Lake Wenatchee by ESA listed fish species (bull trout, spring Chinook) for rearing, foraging and reproducing warrants the need to understand the system and determine if factors exists that may limit production or resources that could be utilized to promote survival.  The use of predator removal and/or lake fertilization would only be implemented if top-down or bottom-up effects limit current production levels.  Until an initial comprehensive predator/prey study is conducted, the data gaps outlined in the Wenatchee sub-basin plan (Laura Berg Consulting 2004) will remain.  

Note: Kokanee are mentioned throughout these comments; however, the objective of this proposal is to evaluate impacts on sockeye and spring Chinook salmon, not kokanee. 

1. ISRP Summary: “In lake Wenatchee, the sponsors propose estimating zooplankton biomass and production to establish the potential forage base and carrying capacity for juvenile sockeye, Chinook salmon (Oncorhynchus tshawytscha), and bull trout (Salvelinus confluentus); quantifying predation on resident and anadromous salmonids through diet analysis and bioenergetics modeling; and estimating predator abundance using mark-recapture and mobile hydroacoustic techniques.  The purpose is to inform a lake management plan intended to maximize the number of smolts leaving the lake or available for recreational angling”.

2. ISRP Comment: “This is an ambitious lake ecosystem study whose management value is not established by the technical background.  Does this study replicate other investigations of trophic and food web structure of other Pacific Northwest lakes that could be used to make management recommendations for Lake Wenatchee?  Are all of the components necessary to decide which management actions to pursue?”

Sponsor Response: This project would provide the technical background data to determine what is currently limiting the anadromous fishes in Lake Wenatchee. Little is known about this ecosystem other than that predators are abundant and that nutrients are low enough to possible affect fish production. An initial broad-based approach is warranted because our current knowledge of the lake is limited. Consequently this project is similar to other NW lake studies (i.e. Lake Pend Oreille, Redfish Lake) that originally used a broad approach before becoming more focused after initial data were collected.  

3. ISRP Comment: “The proposal falls short of providing sufficient information to conclude that the study, and information, is necessary.  First, the background and technical sections asserts that recreational angling for kokanee has decreased in recent years, and they attribute this to potential bull trout predation.  But no quantitative support for this assertion is provided.  Consequently there is a lack of evidence that a problem actually exists – either for the kokanee recreational fishery or for production of juvenile spring Chinook or bull trout.  Second, the sponsors do not adequately justify the potential causes of decreased salmonids production – either lack of nutrients in the lake or predation by bull trout or pikeminnow.  Thirdly, the description of the management actions that would be employed to remedy the problem is overly vague – presumably either a lake fertilization program or a predator removal program.”

Sponsor Response:  Production of salmonids in the Lake Wenatchee basin has declined in recent years. The Lake Wenatchee sockeye salmon stock, for example, was listed as healthy in 1992, but is currently considered depressed due to a short-term severe decline in escapement. The stock has met less than one half of its production goal (23,000) from 1994 to 1999.  Despite an increase in escapement of sockeye in the 2000 and 2001 adult returns have declined rapidly to less than 5,000 fish in 2004 (WDFW 2002).  Since 1978, escapement goals have been achieved only 9 times. Each time the goal has been met recreational fisheries have occurred. Wenatchee spring Chinook are classified in the NOAA upper Columbia ESU and were listed as endangered (Meyers et al. 1998) under the Endangered Species Act (ESA) of 1973. They too, have experienced chronic low escapement rates and possible genetic damage to the stock may have occurred from 1994 –1996 when only 15, 0, and 7 individuals returned to the Wenatchee Basin (WDFW 2002).  Bull trout are listed as threatened under the ESA. Consequently we feel there is a legitimate need to determine if in-lake factors are limiting the productivity of these species and if so whether remedies can be proposed to help ameliorate their effects.

Predation and food limitations appear to be likely limiting factor candidates. Large congregations of predators, for example, have been observed at nets pens and the mouth of the rivers during times of hatchery releases and out migrations of naturally produced fish into the lake (Andrew Murdoch, WDFW, personal communication) and bull trout and northern pikeminnow predation has been observed (Dr.Carl Polivka, USDA Forest Service, personal communication; Thompson and Tufts 1967).  Lake Wenatchee is also an ultra oligotrophic and ranks in the lower range of trophic productivity for sockeye lakes (Mullan 1986).

This short synopsis and the details provided in our proposal’s Narrative provide evidence that a fish production “problem exists.” Since production potential studies have not been conducted in Lake Wenatchee (because required data is unavailable), we cannot provide quantitative information that the lake is reaching its production potential.  Smolt trapping by WDFW indicates that wild production is more successful than net pen hatchery production, but annual losses due to predators are unknown. Specific potential causes limiting sockeye and Chinook salmon fry to smolt survival are not known at this time due to the lack of specific data.  The two factors that this project evaluates are predation (top-down effect) and lack of plankton prey base (bottom-up effect).  Limiting factors could be mutually exclusive or synergistic.  Until baseline data are collected, it is impossible to arrive at a conclusion and implement management strategies. 

Specific response to ISRP comment #3 follows: 

1. Predation on juvenile sockeye salmon in Lake Wenatchee is known to occur; however, the overall impact to specific year classes is unknown because A) consumption rates have not been determined, B) predator abundance is unknown, and C) required biotic (seasonal predator diet composition) and abiotic (annual water temperatures) parameters have not been collected to complete bioenergetics modeling simulations.  Predation on spring Chinook fry has not been reported, but could also limit survival.  Northern pikeminnow and bull trout prey on sockeye salmon in Lake Wenatchee.  Thompson and Tufts (1967) evaluated predation levels on releases of wild and hatchery sockeye juveniles; however, they did not use their results to estimate the overall loss of sockeye juveniles in Lake Wenatchee to predators.  Remaining information on predation on sockeye salmon and the presence of large numbers bull trout and northern pikeminnow is in the form of personal observations by biologists, hatchery personnel and others when stocking sockeye or conducting work at the lake.  Studies on the fish community and predator/prey interactions on Lake Wenatchee are lacking.  Because important data gaps exist and information is absent we do not know how important predation may be on the production of sockeye.  Our proposal was designed to determine if predation is an important limiting factor on sockeye and to determine if primary/secondary production can be increased, or should be increased, to improve sockeye production in the lake.

2. The project sponsors feel that “the potential causes of decreased salmonid production” is now justified with the additional of the paragraphs below.

Predation

Added to Narrative page 2.


Programs have been implemented and studies have been conducted to evaluate the effects of northern pikeminnow, walleye, and bass predation on salmonid smolts in the main stem Columbia River and its reservoirs (Beamesderfer et al. 1990; Beamesderfer and Rieman 1991; Petersen and Ward 1999; Zimmerman 1999; Zimmerman and Ward 1999).  In these systems, studies have found that piscivores have a negative affect on the survival of salmonid smolts, and that predator removal programs have resulted in positive correlations between predator removal and smolt survival (Friesen and Ward 1999).  A 333% increase in sockeye survival rates occurred following implementation of a predator control program in Cultus Lake, British Columbia (Foerster and Ricker 1941).  The National Park Service has implemented a successful predator removal program on Yellowstone Lake, harvesting nearly 1500 lake trout from 1995 to 1999 to suppress predation on indigenous cutthroat trout (Ruzycki et al. 2003).  Comprehensive predator and prey studies have not been conducted on Lake Wenatchee despite the co-existence of sockeye and spring Chinook salmon fry and piscivores; northern pikeminnow and bull trout.  Unlike other salmon species, sockeye in Lake Wenatchee are subject to predation for at least one year.  This temporal and spatial overlap warrants studies on Lake Wenatchee to provide data similar to that available for the mainstem Columbia River, allowing for science based management decisions.

Fertilization

Added to Narrative page 3

Lake Wenatchee is the only nursery lake in the Wenatchee river basin.  The lake is considered ultraoligotrophic, nitrogen limited and ranks in the lower range of trophic productivity for sockeye lakes (Mullan 1986), but it is currently unknown if sockeye and spring Chinook fry are limited by bottom-up trophic effects (primary and secondary production) due to the lack of relevant data.  Nutrient enhancement programs have been successful in several Canadian (Hyatt and Stockner 1985; Stockner 1987; Ashley et al. 1997; Hyatt et al. 2004) and Alaskan oligotrophic lakes (Kyle 1994; Mazunder and Edmundson 2002).  These efforts were found to increase the biomass of edible zooplankton and therefore affected smolt size, condition, and the overall production of sockeye salmon smolts.  Larger sizes in sockeye salmon smolts typically lead to increases in riverine and marine survival (Hyatt and Stockner 1985).  In a comprehensive review of 24 sockeye lakes that involved whole-lake fertilization experiments, Hyatt et al. (2004) found that in almost all cases fertilization increased sockeye biomass, and concluded that lake fertilization is a technique that can contribute to enhancement of sockeye salmon populations.  In Lake Wenatchee, Mullan (1986) indicated that low water retention time may not allow the assimilation of nutrients into the food chain, but states that fertilization could occur when water conditions stabilized.  Answers to speculations about the effects of lake fertilization can only be gained through an assessment of essential factors, followed by an implementation plan (Mullan 1986).  No studies were located that refer to the effects of nutrient enhancement on Chinook salmon fry in lakes.

3. “…the description of the management actions that would be employed to remedy the problem is overly vague – presumably either a lake fertilization program or a predator removal program.”

The management actions listed in the Narrative are just examples of possible measures that could be employed to remedy any limiting factors identified from this project.  Due to the lack of baseline information on trophic interactions in Lake Wenatchee we are unable to expand or predict if nutrient levels and/or predation limits juvenile salmon. 

4. ISRP Comment: “In a response the proposal needs to provide evidence that kokanee, juvenile salmon, and bull trout production in Lake Wenatchee are well below the expected production.  There should be a review of literature available on 1) the Lake Wenatchee ecosystem, 2) other oligotrophic lakes in the Pacific Northwest, and 3) how lake fertilization and predator control programs have affected the abundance and productivity of target species.  A lot is already known that has application here.  For example, Mullan’s (1986) review of sockeye includes an evaluation and recommendation on fertilization.  Finally, the response should identify the minimal information that would be needed to decide whether these management interventions were necessary and appropriate.  The work elements and tasks would then be to collect this essential information.”

Sponsor Response: Since no data exist for Lake Wenatchee on annual salmon losses due to predation and the abundance and composition of edible size zooplankton (> 1mm), it is unknown if salmon production is below expected levels.  Qualitative information indicates that bull trout are abundant in the lake, which is based on high incidental catch rates when sockeye fisheries occur and the high numbers observed during sockeye spawning surveys.  Spring Chinook fry have been observed in the lake during snorkel surveys (Dr. Karl Polivka, personal communication), but little is known regarding their use of the lake for rearing and the effects of predation on their mortality.  The lack of information regarding the Lake Wenatchee ecosystem and the potential for negative affects on ESA listed fish species is the reason why this proposal was created and submitted for funding.

1). As requested, relevant literature from the Lake Wenatchee ecosystem is cited in various locations of the Narrative and this response document (above).

 2). The ISRP requested a literature review of other oligotrophic sockeye salmon lakes in the Pacific Northwest (we assume relating to fish production levels?).  We have also included mesotrophic sockeye lakes.  The table below presents our findings in a summary format.

	Water Body
	Trophic Status
	Meeting Production Goals?
	Possible Limiting Factors
	Citation or Contact

	Lake Wenatchee
	Ultra-Oligotrophic
	No
	Poor nutrients, predation
	WDFW SASI 2002

	Baker Lake
	Oligotrophic
	No
	Poor nutrients, predation, hydro-operations
	Gary Kyle, Alaska Fish and Game

	Redfish Lake, ID
	Oligotrophic
	No
	Poor nutrients
	

	Quinault Lake
	Ultra-oligotrophic
	No
	Poor nutrients; limited spawning
	Quinault Tribe

	Lake Washington
	Mesotrophic
	No
	Predation; spawning habitat
	WDFW SASI 2002

	Lake Ozette
	Mesotrophic
	No
	Predation; poor spawning habitat
	WDFW SASI 2002

	Lake Osoyoos
	Mesotrohic
	No
	Water quality
	WDFW SASI 2002


*Numerous oligotrophic kokanee lakes were identified in our literature search and we understand that kokanee and juvenile sockeye salmon can experience similar factors that affect their survival (predation, poor prey base, exploitation, sub-optimal water temperatures and dissolved oxygen levels), but feel that a complete review of these systems is not necessary at this time since this proposal focuses on sockeye salmon. 

3). Information regarding “how lake fertilization and predator control programs have affected the abundance and productivity of target species” is presented above and has been added to the narrative.  We reviewed Mullan’s (1986) document with regards to lake fertilization and predation in Lake Wenatchee.  He indicates that assessments must be conducted to answer key questions where data are lacking, and extrapolation of results from other lakes could be erroneous and misleading because each lake responds differently to nutrient additions.  We agree with this conclusion and believe that this is also true for trophic interactions, where no system is the same.  We believe that the objectives and tasks (work elements) outlined in this proposal are necessary to determine if predation and/or lack of nutrients limit maximum production for salmon fry in Lake Wenatchee.     

5. ISRP Comment (Additional Comments): “When proposing to fertilize a body of water the size of lake Wenatchee they need to consider the water quality objectives established on the lower river.  There may be TMDL limits for water quality parameters in the lower river and fertilizing the lake may create problems remaining in compliance.  Assurances from water quality agencies that a lake fertilization program will not compromise water quality objectives further downstream should be given; otherwise, the nutrient limitation investigations will not lead to management actions.”

Sponsor Response: We agree that we over looked water quality standards that could result from adding nutrients into Lake Wenatchee.  We contacted the Washington Department of Ecology (DOE) and they indicate that the specific TMDL nutrient limit allocations for the Wenatchee River basin have not yet been determined.  They will be developing a regulatory strategy this year.  The project sponsor will work closely with the DOE to discuss TMDL limits and future fertilization feasibility studies.

6. ISRP Comment: “It was unclear what exactly the role of the cooperators (Drs. Beauchamp, Bennett, and Black) would be.  There doesn’t seem to be any budget requests related to their involvement, but the brief summary on page 21 of the narrative suggests that they will have major responsibilities in this project.  They are highly qualified, but their level of effort here was not specified.” 

Sponsor Response: The cooperators listed above will have the following roles in this project: 

	Cooperator
	Role

	Dr. David Beauchamp
	Bioenergetics modeling and reporting

	Dr. David Bennett
	Predator population estimates and project oversight 

	Dr. Ross Black
	Zooplankton identification and enumeration


The budget requests for the listed sub-contractors were included in the “Other” budgetary category (Section 8, page 6) and required $60,000 annually.

Note: Tangle nets will be used instead of gill nets to reduce impacts on ESA listed fishes in Lake Wenatchee

Citations for the references in this document are located in the Narrative.
