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Dear ISRP members,

Thank you for your review of the proposal for the Effects of Hydropower Operations on Fall Chinook Spawning Activity project (25038).  I am hopeful that I can provide a more clear representation of why the data collected from such an effort would be valuable to the management of main stem spawning populations of salmonids in the region.  I will organize my responses under the following sections; Need Justification, More Details on Data Collection, and Experimental Design/Statistical Analyses.  I propose that we alter the proposed project to accommodate the reviewer’s comments by making the following general changes; 

1. do not sample at Vernita Bar –instead place more effort in the concentrated spawning area in the Wanapum Dam tailrace. 

2. place emphasis on determining how dam operations affect spawning activity and suitable spawning habitat availability.

Other specific changes to address the reviewer’s comments are contained within the sections below.

Need Justification:

Salmon currently spawn in the tailraces of dams in many areas of the Columbia and Snake basins.  Typically, these tailraces have a relatively small amount of habitat that is suitable for successful salmon spawning.  With the notable exception of the Hanford Reach, most tailrace areas are impacted by a downstream dam that affects the water velocity and depth in tailrace areas.  If we were able to obtain information that allowed us to understand how dam operations affect the spawning activity in tailrace areas, we would be able to provide hydropower operators and fish managers with a tool for attempting to optimize salmon spawning success and hydropower system flexibility.  By combining behavioral data (spawning activity) and hydraulic modeling habitat data, we can predict what the outcome of various dam operations may be on the amount of tailrace habitat that is suitable for fall chinook salmon spawning.  In other words, we will be able to show what dam operations conditions maximize the amount of spawning activity that takes place in tailrace spawning habitat.  Further, we will be able to determine if there are operational changes that negatively impact spawning activity in the tailrace areas.

The effects of how the dams are operated on the salmon and their habitat –as it pertains to the act of spawning – are poorly understood.  Changes in discharge – with resultant changes in water velocity and depth can affect the redd site selection by female salmon.  The timing, both seasonally and daily, of changes in discharge may have profound effects on when and where a female salmon chooses to construct her redd.  From a fish manager’s perspective, the dams should be operated to maximize the area of habitat in tailraces areas that would support successful salmon spawning.  The hydropower operators may also, however, be concerned with systems flexibility and maintaining some options for fluctuating discharge to meet power demands.  Therefore, the data obtained through this project could serve as the foundation for a constructive debate on dam operations flexibility vs. salmon spawning habitat in tailrace areas.

The reviewers correctly pointed out that there are ongoing efforts by Grant County to count redds.  I am managing one of those studies in the Wanapum and Rock Island dam tailrace areas. That is a separate, though related, activity from what is proposed in this project (25038).  This proposal does not include a task of enumerating redds. Instead, it will use the sound recordings of spawning salmon to produce an intensity of spawning activity in a fixed area (more details on data collection/handling discussed below).  Further, it will use spawning habitat data from hydraulic models to build sets of habitat parameters that will then be compared to the recorded spawning activity data (see Experimental Design/Statistical Analyses below).  The reviewers are also correct that there is an existing agreement (the Vernita Bar Settlement Agreement) in place that attempts to reduce the impacts of dam operations on salmon spawning success in the upper portions of the Hanford Reach.  This agreement appears to be successful at reducing the number of redds that are constructed in high elevation portions of the river channel. However, this agreement, or any of the work related to it (counting redds above/below a certain elevation 2 to 3 times/season), does not produce any greater understanding of how dams could be operated to maximize the amount of habitat in the tailraces of dams was suitable for successful salmon spawning.

More Details on Data Collection

This method has been used to collect spawning intensity data in the Columbia River.  The system (with a single omni directional hydrophone) is capable detecting the signature sounds of salmon spawning at distances up to 100 m from the hydrophone.  The sound travels through water at approximately 1500 m/sec and the detection difference is affected by water depth.  The distance between the boundaries (river bottom and water surface) affects the distance that the sound will travel.  The sound will travel greater distances in deeper water. By placing a buoy/hydrophone system in an area of documented high spawning use we should be able to record sounds from between 25 and 40 redds.  We are fortunate in that we also have a hydraulic model built for the Wanapum Dam tailrace location that meets this high density spawning criteria.  It would be relatively easy and economical to increase the number of hydrophone systems to increase sample size.  Our original proposal called for the placement of 2 hydrophone systems, one each at Vernita Bar and below Wanapum Dam (Task a, page 9 of the narrative section).  It may be more productive to deploy both systems in the area (Wanapum Dam tailrace) where we currently have a hydraulics model that would be important for determining the effects of dam operations on spawning activity. 

Experimental Design/Statistical Analyses.

To identify how project operations affect spawning activity in the tailrace of Wanapum Dam, we would use our existing hydraulic model and historical flow data to stratify the spawning habitat and relevant dam operations data (Wanapum Dam discharge and Priest Rapids Dam forebay elevation) into low, medium, and high flow strata (Table 1).  .  We will then use hourly changes in discharge (> 2000 cfs change over previous hour) as the classifying variable. The dependent variable will be the index of spawning activity from the sound files.  Responses in spawning activity will be classed as positive (> 20% increase compared to previous hour), equal (< 20% change), or negative (> 20% decrease compared to previous hour).  Spawning activity data will be based on percentage comparisons to adjacent sample hours, eliminating the need to control for the effects of Julian Day (the effect of ‘peak’ and ‘off-peak’ spawning times).  Data from the within the various strata will be summed and ranked. The data will be analyzed using Kruskall-Wallis ANOVA tests of each of the discharge/habitat strata (e.g., low, medium, high).  

Table 1. Proposed data categorizations for the salmon spawning activity project.  A Kruskall-Wallis ANOVA would be used to look for relationships between the change in flow and the spawning activity in the previous hour.


Dam Discharge/Habitat Availability Strata

Change in Discharge
Low
Medium
High

+Q (>2000 cfs increase)
Sp. Activ +/-/=
Sp. Activ +/-/=
Sp. Activ +/-/=

-Q (>2000 cfs decrease)
Sp. Activ +/-/=
Sp. Activ +/-/=
Sp. Activ +/-/=

=Q (<2000 cfs change)
Sp. Activ +/-/=
Sp. Activ +/-/=
Sp. Activ +/-/=

This experimental design will allow us to identify dam operations that are likely to change spawning activity in tailrace areas. For example, we could find that during periods of high flow, decreases in discharge do not affect spawning activity.  Conversely, this experiment could find that during low flow periods, decreases in discharge result in reduced spawning activity.  

Please feel free to contact me if you have any further comments/questions. We are committed to making this proposed project as effective, efficient, and accountable as possible.

Sincerely,

Geoffrey A. McMichael

Phone: 509.372.0804 > ( Email: geoffrey.mcmichael@pnl.gov > ( Fax: 509.372.3515 >

