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River Productivity Study
Requestor of proposed study
To be completed by the requesting entity.

Responses to study request criteria (18 CFR 5.9(b))
[bookmark: _GoBack]Describe the goals and objectives of the study and the information to be obtained
The overarching objective of this study is to evaluate the effects of Project-induced changes in flow and the interrelated environmental factors (e.g., temperature, substrate, water quality) on the benthic macroinvertebrate and algal communities in the middle and upper Susitna River.  Individual objectives that will accomplish this are listed below.

1. Develop a white paper on the impacts of hydropower development and operations on benthic macroinvertebrate and algal communities. 
2. Characterize existing benthic macroinvertebrate and algal communities with regard to species composition and abundance in the middle and upper Susitna River.
3. Estimate drift of benthic macroinvertebrates in selected habitats within the middle and upper Susitna River to assess food availability to juvenile and resident fishes.
4. Conduct a literature/data search to identify existing river systems that could act as models for evaluating future changes to productivity in the Susitna River.
5. Conduct a trophic analysis to describe potential changes in the primary and secondary productivity of the riverine community as the result of Project construction and operation.  
6. Generate habitat suitability criteria (HSC) for Susitna River benthic macroinvertebrate and algal habitats to predict potential changes in these habitats as the result of the Project, downstream of proposed dam site.

If applicable, explain the relevant resource management goals of the agencies and/or Alaska Native entities with jurisdiction over the resource to be studied.
To be completed by the requesting entity. 

If the requester is not resource agency, explain any relevant public interest considerations in regard to the proposed study.
To be completed by the requesting entity, if applicable. 

Describe existing information concerning the subject of the study proposal, and the need for additional information.
To be completed.

Explain any nexus between project operations and effects (direct, indirect, and/or cumulative) on the resource to be studied, and how the study results would inform the development of license requirements.
Benthic macroinvertebrates are an essential component in the processes of an aquatic ecosystem, due to their position as consumers at the intermediate trophic level of lotic food webs (Hynes 1970; Wallace and Webster 1996; Hershey and Lamberti 2001).  Macroinvertebrates are involved in the recycling of nutrients and the decomposition of organic materials, serving as a conduit for the energy flow from organic matter resources to vertebrate populations, such as fish (Hershey and Lamberti 2001; Hauer and Resh 1996; Reice and Wohlenberg 1993; Klemm et al. 1990).  In turn, algae are an important base component in the lotic food web, being responsible for the majority of photosynthesis in a river or stream and serving as an important food source to many benthic macroinvertebrates.

Because of these significant functional roles that macroinvertebrates and algae play in the freshwater ecosystem, it is important to include these communities in the study of a stream’s ecology.  The operations of the proposed Project will likely affect one or more of the physical factors that can affect the abundance and distribution of benthic macroinvertebrate and benthic algae populations.  The degree of impact on the benthic communities and in turn on fish resulting from Project operations would vary depending on the magnitude, frequency, duration, and timing of flows as well as potential Project-related changes in temperature and turbidity.  By investigating the current populations in the Susitna River, and applying what is known regarding the impacts of river regulation and hydropower operations on benthic communities, this study will be useful for assessing Project impacts and may be useful in identifying operational alternatives and/or protection, mitigation, and enhancement (PM&E) measures.

Explain how any proposed study methodology (including any preferred data collection and analysis techniques, or objectively quantified information, and a schedule including appropriate field season(s) and the duration) is consistent with generally accepted practice in the scientific community or, as appropriate, considers relevant tribal values and knowledge.
Develop a white paper on the impacts of hydropower development and operations on benthic macroinvertebrate and algal communities
· Review and summarize relevant literature on macroinvertebrate and algal community information in Alaska, including 1980s Susitna River data.
· Review and summarize literature on general influences of changes in flow, temperature, substrates, nutrients, turbidity, light penetration, and riparian habitat on benthic communities.
· Review and summarize the potential effects of dams and hydropower operations on benthic communities and their habitats.

Characterize the existing benthic macroinvertebrate and algal communities with regard to species composition and abundance in the middle and upper Susitna River.
· Use 1980s data as a baseline to compare and contrast historic and current community structure
· Sampling will be conducted in riffle habitats within mainstem, tributary confluences, side channels, and in sloughs.
· Sampling will be stratified first by stream type and then according to water clarity, i.e., clear, turbid, and transitional water conditions.
· Twenty-seven proposed sampling sites would be established, based on a combination of habitat type and turbidity condition (Table 1).
· Select the number of sampling sites that are located at transects established by the instream flow team, in an attempt to correlate with additional environmental data (flow, substrates, temperature, water quality, riparian habitat, etc) for statistical analyses, and HSC development. 
· The number of sampling sites will be selected from sampling sites used in the 1980s studies (Table 1).

Table 1.  Sampling site matrix, indicating the number of sites per stream type and turbidity condition.  APA columns indicate the number of sites in each river type established in the 1980s studies.
	StreamType
	Clear
	Turbid
	Transitional
	APA 2846
	APA 3404

	River
	3
	3
	3
	-
	2

	Tributary
	3
	3
	-
	-
	2

	Slough
	3
	3
	-
	2
	2

	Side Channel
	3
	3
	-
	2
	3

	Total
	12
	12
	3
	4
	9



· Measurements of depth, mean water column velocity, and substrate composition will be taken concurrently with benthic macroinvertebrate sampling at the sample location for use in HSC development.
· Benthic macroinvertebrate sampling and algal sampling will be conducted concurrently, to ensure correlation.
· Replicate samples will be collected to allow for statistical testing of results for short and long-term monitoring.
· Benthic macroinvertebrate sampling will be collected using a stream-type sampler (Hess, Surber, Surber-on-a-Stick) commonly used for other Alaskan benthic macroinvertebrate studies, to allow for comparable results.  State and federal protocols will be considered.
· Benthic macroinvertebrate samples will be processed in a certified laboratory, using methods compatible with studies in other comparable streams/basins in Alaska.  State and federal protocols will be considered.  Examples of criteria to be considered include the following:
· Subsampling protocol.
· Identifications to genus for most taxa (exceptions being non-insect taxa).
· Chironomidae identification level to be determined (family,  subfamily, or  genus).
· Benthic algae sampling will be conducted using methods compatible with other Alaskan benthic algae studies, to allow for comparable results.  State and federal protocols will be considered.
· Measurements of depth, mean water column velocity, and substrate composition will be taken concurrently with algae sampling at the sample locations for use in HSC development.
· Benthic algae samples will be processed in a certified laboratory, using methods compatible with studies in other comparable streams/basins in Alaska.  State and federal protocols will be considered with regard to the following study elements.
· Dry weight and chlorophyll a are typically BOTH measured.
· Algae (diatom) samples will be identified to genus.
· Invasive benthic macroinvertebrates and algae identified in the sample collections will be identified and their collection locations will be noted GPS.

Estimate drift of invertebrates in selected habitats within the middle and upper Susitna River to assess food availability for juvenile and resident fishes.
· Use 1980 drift data as a baseline to compare and contrast historic and current invertebrate drift.
· Sampling will be conducted in riffle habitats within mainstem, tributary confluences, side channels, and in sloughs.
· Twelve sampling sites will be established in the approximate locations of sampling sites from the 1980s studies.
· Sampling will be stratified according to turbidity condition, i.e., clear, turbid, and transitional conditions.
· Drift sampling will be conducted in conjunction with benthic macroinvertebrate sampling, to allow for comparison with the benthic community composition.
· Drift sampling will be conducted in daytime hours, as measure of constant (background) drift that is available to feeding fish.
· Duplicate samples will be collected to allow for statistical testing of results for short and long-term monitoring.
· Invertebrate drift samples will be collected using a drift net sampler used for other Alaskan drift studies to allow for comparable results.  State and federal protocols will be considered.
· Invertebrate drift samples will be processed in a certified laboratory, using methods compatible with studies in other comparable streams/basin in Alaska.  State and federal protocols will be considered.  Examples of criteria to be considered include the following:
· Subsampling protocol.
· Identifications to genus for most taxa (exceptions being non-insect taxa).
· Chironomidae identification level to be determined (family.  subfamily, or genus).
· Length measurements for individual specimens.

Conduct a literature search to identify existing river systems that could act as controls in evaluating future changes to productivity in the Susitna River.
· Literature searches should focus on comparable river systems in Alaska and throughout northern clines.
· Information will be collected for turbid and non-turbid systems, especially those in glacial systems with lakes.
· Compare and contrast benthic macroinvertebrate and algae communities from similar river systems with Project Susitna River communities.
· Compare and contrast invertebrate drift results from similar river systems with Susitna River invertebrate drift.
· Compare and contrast juvenile fish size-at-age and density from similar river systems with Susitna River juvenile fish.

Develop a white paper regarding a trophic analysis to describe potential changes in the primary and secondary productivity of the riverine community resulting from-Project construction and operation.
· Review the literature on the various existing approaches for trophic analyses, including methods, and levels of effort.
· Discuss the utility and feasibility of conducting a site-specific trophic analysis for the Susitna River.
· Conduct a trophic analysis based on the initial steps for this objective.

Generate HSC criteria for Susitna River benthic macroinvertebrate and algae habitats to predict potential change in these habitats downstream of proposed dam site.
· Review the existing 1980s study (Hansen and Richards 1985) for applicable information and methodology.
· Coordinate data and transect information with F-S5 Instream Flow Planning Study.
· Review macroinvertebrate life histories, behavioral habits, and functional feeding groups to group taxa into guilds.
· Review literature for benthic macroinvertebrate and algae HSC criteria and their use for IFIM/PHABSIM/wetted perimeter analysis.
· Velocity, depth, and substrate data collected during benthic macroinvertebrate and benthic algae sampling (as stated in Objective 6 [See Section 2.1]) will be used to generate HSC criteria for Susitna River benthic habitat use to predict potential changes in benthic macroinvertebrate and algal habitats downstream of the proposed dam site.

[add how the methods and schedule are consistent with generally accepted practice and considers tribal knowledge, etc.]

Describe considerations of level of effort and cost, as applicable, and why any proposed alternative studies would not be sufficient to meet the stated information needs.
[To be provided.]
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