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Using acoustic telemetry to evaluate the behavior, habitat use, and survival of tagged juvenile salmonids in the John Day Reservoir

A. Abstract and statement of innovation

Recently there have been regional discussions regarding the benefits of operating the John Day Reservoir at minimum operating pool to improve the survival of migrating juvenile salmonids.  The intent of the proposed operation change is to reduce the travel time and improve the survival of migrating juvenile salmonids through John Day Reservoir.  We believe that current acoustic telemetry technologies can be used to better understand the effects of the current and future operations by allowing for the estimation of 1) where specifically in the reservoir migration delay is occurring; 2) where specifically in the reservoir mortality is occurring, and 3) what habitats are being used in specific sections of the reservoir thus providing insight to the relation of delay and mortality to habitat use of the tagged fish.  However, alterations and further investigation of the existing experimental designs and model assumptions currently used to assess dam and pool survival are necessary to address the effects of reservoir operations in smaller sections of the reservoir.  In this study, we propose to formulate and test design considerations for assessing within reservoir behavior, habitat use, and survival of juvenile salmonids at smaller spatial scales to better understand the effects of current and future reservoir operations.  As part of this pilot project, we plan to formulate and test a unique application of acoustic telemetry to assess habitat use of tagged juvenile salmonids by developing boat mounted mobile arrays that will allow for various habitats to be sampled to better understand habitat use.  
B. Technical and/or Scientific Background

The mainstem Columbia River is an important migration corridor for endangered and threatened salmonids.  Considerable resources are being expended to mitigate the effects of the development of the federal hydrosystem on stocks of Pacific salmon.  Recently there have been discussions about operating the John Day Reservoir at minimum operating pool (mop) to decrease the travel time and increase the survival of migrating juvenile salmonids.  The John Day Reservoir has also been previously considered for drawdown because of its length and long hydraulic retention time compared with other Columbia River and lower Snake River reservoirs.  The reservoir provides shoreline-rearing habitat for subyearling Chinook salmon that disperse downstream as fry from the Hanford Reach (Tiffan et al. 2006) and also serves as a migration corridor for emigrating subyearling Chinook salmon (including smolts) and other juvenile anadromous salmonids produced in upstream spawning areas and hatcheries.  Thus, considerable attention has been given to the effects of altering the operations for the impoundment.  The potential effects of drawdown have been assessed through modeling exercises and the interpretation of changes in various types of habitat and population modeling results (Tiffan et al 2006, U.S. Army Corps of Engineers 1994, Sheer 1999; PNNL and USGS 2000; U.S. Army Corps of Engineers 2000).  Despite the assertion that migration occurs through John Day Reservoir, little is known of the specific migration characteristics, survival, and habitat use of migrating juvenile salmonids in this Columbia River impoundment. 

Conversely, many studies have been conducted over the past two decades to evaluate survival through mainstem dams, reservoirs, and over larger reaches (i.e. multiple reservoirs).  Various tagging technologies have been used to mark fish for these evaluations including freeze brands (Laird et al.1975), passive integrated transponder (PIT) tags (Muir et al. 1995, Dawley et al. 1998), radio tags (Counihan 2002, Counihan 2003, Counihan 2006), and more recently acoustic tags.  In recent years, large numbers of tagged juvenile salmonids have been released in research efforts to understand the causes of mortality and the effectiveness of mitigation at mainstem Columbia River hydroelectric dams.  Reservoir or pool survival, dam survival, and survival through the immediate tailrace areas can be estimated from the experimental design typically associated with these studies.  Much effort has and is currently being expended to ensure the adequacy and standardization of the methodology associated with these evaluations (Peven et al. 2005).  As per these recommendations, efforts are undertaken to evaluate the adequacy of assumptions associated with statistical models used to estimate survival.  For instance, the placement of interrogation arrays downstream of the project of interest is designed such that the probability of detecting dead tagged fish is minimized.  To assess the efficacy of these measures dead fish are typically released in the tailrace of the project being evaluated.  Interrogations (or the lack of) are then noted and the locations of the arrays are adjusted accordingly.  However, no such effort has been undertaken to evaluate this assumption for smaller reservoir reaches.  Further, inferences regarding differences in behavior and survival are confounded if the same fish are used to evaluate and compare these characteristics in multiple reservoir reaches.  For instance, tag implantation can differentially affect the performance of tagged fish as they migrate downstream and result in biased survival estimates (Peven et al. 2005).  Similarly, Hockersmith et al. (1998) noted that survival of radio-tagged salmon was lower than for PIT-tagged fish and that the difference was greater the longer the fish had been tagged.

We believe that existing acoustic telemetry technologies can be adapted and used to better understand the effects of the John Day Reservoir operations by allowing for the estimation of 1) where specifically in the reservoir migration delay is occurring; 2) where specifically in the reservoir mortality is occurring, and 3) what habitats are being used in specific sections of the reservoir, thus providing insight to the relation of delay and mortality to habitat use of tagged fish.  However, the experimental design and assumption tests currently used to assess dam and pool survival should be modified to assess the effects of reservoir operations in smaller sections of the reservoir.  For instance, the effects of post tagging mortality of tagged fish with respect to time, the specificity of assumption testing typically used to address dam and pool survival and not smaller reservoir sections, and the use of fish released at John Day Dam to infer differences in reservoir sections confound interpretations of the behavior and survival of tagged fish in smaller reservoir sections.  In this study, we propose to formulate and test design considerations for assessing reservoir behavior, habitat use, and survival.  As part of this pilot project, we also plan to provide insight into a unique application of acoustic telemetry systems to assess habitat use of tagged juvenile salmonids.  
C. Rationale and Significance the Council’s Fish and Wildlife Program

By providing methods to better understand reservoir survival at a smaller spatial scale, we feel that this proposed work is consistent with the overall intent of the Fish and Wildlife Program and other regional efforts to recover endangered and threatened Pacific salmon.  More specifically, we feel that the proposed project would provide information and products that would help to better evaluate the effect of implementing the target objectives listed below that are from the Lower Middle Columbia Subbasin Plan (see: p.39).

	
	
	Tier Rankings* by Geographical Areas

	Target objective and strategy
	Associated Key Finding
	Primary
	Secondary

	Improve juvenile passage conditions at The Dalles, John Day and McNary dams though water management actions, including extending summer spill


	The construction of the hydropower system turned the river into a series of reservoirs, which has greatly extended the juvenile migration period. Juvenile steelhead migrate through the area throughout the spring and early summer; juvenile coho in the spring; and fall chinook in late spring and late summer.
	All three dams and reservoirs
	

	Restore normative hydrograph will

improve migration conditions.


	Reduced travel time will improve survival and subsequent adult returns. Flow augmentation can increase water velocities. Alternative flood control strategies can helpful recapture the historical timing of flow. Increased  spill diverts fish from the turbines and increases survival.
	All three dams and reservoirs
	


D. Relationships to other projects


This project would be conducted with the intent of being fully coordinated with ongoing ACOE Anadromous Fish Evaluation Program funded research in the Snake River, at McNary Dam, and in the mid-Columbia as our ability to interrogate tags from these studies dictates.  We anticipate that some, if not all of these studies will be using HTI acoustic telemetry tags.  Thus we should be able to interrogate and evaluate the behavior and survival of fish released as part of these studies.  During 2007, the USGS released 2000 acoustic tagged yearling Chinook salmon at Lower Granite Dam and 3000 yearling Chinook, 3000 subyearling Chinook, and 1000 steelhead trout at McNary Dam as part of an AFEP funded study.  We feel that if similar numbers of fish are released next year then there is great potential to garner more information.  For instance, it would be informational to understand how the habitat used by fish released further upstream, say in the Snake River, differs from that by fish released at McNary Dam or directly as part of this study.  We are not particularly tied to a particular tag/telemetry system manufacturer but will use a tag that will allow for the most information to be garnered in the limited time duration as stipulated in this proposal solicitation.  Further, we know that the HTI tags and telemetry systems will allow us to potentially determine fish position within a particular habitat type in a 3-D context.  We would like to determine the usefulness of attaining 3-D positions and/or tracks as we monitor various habitats.  If other tags and telemetry systems (i.e., JSAT) will allow for this information to be collected and others are releasing tagged fish using this technology, we would be interested in using the JSAT system.  We feel that this research has the potential to provide a link between the AFEP and BPA funded studies.  This project could inform AFEP efforts by addressing assumptions that are not addressed as part of their studies and also allow for fiscal efficiencies because of the large numbers of tags typically released as part of the AFEP evaluations of survival at mainstem hydroelectric projects.

E. Proposal objectives, work elements, and methods and monitoring and evaluation
While many studies have evaluated the sources of mortality associated with passage through mainstem hydroelectric projects, little is known of where specifically mortality is occurring in the reservoirs.  Some studies have evaluated pool survival (survival from the tailrace of the upstream dam to the forebay of the next downstream project), project survival (tailrace of upstream dam to tailrace of downstream dam), and reach survival (e.g., multiple reservoirs).  However, studies looking at the behavior and survival through smaller reservoir sections are generally lacking.  Understanding specifically where in the reservoirs mortality is greatest could help to direct management efforts to improve survival.  For instance, if mortality is greater in one section than another and operating John Day Reservoir at mop differentially affects migration rates through specific reservoir sections, then the expected benefits of the operation may not be as great as anticipated.  Similarly, sections with high mortality may have high predator densities or contain habitat types (e.g., Eurasian watermilfoil) where predator encounters are greatest.  

As noted previously, the experimental designs commonly used in studies that evaluate mortality associated with dam passage confound the interpretation of behavior and survival through smaller sections.  Also, little is known of the transport and probability of detection of dead tagged individuals through shorter reservoir sections since assumption tests used in survival studies through hydroelectric projects evaluate this assumption by releasing fish at the project of interest and not within the reservoir.  Detections of dead tagged individuals could bias estimates of survival.  Further, it is likely that the effects of tag implantation vary over time and thus, over distance given the directional nature of the seaward migration of anadromous juvenile salmon.  Therefore, survival estimates being greater or lesser in one reservoir section than another may be due to tagging effects that are not controlled for in studies where releases are made above or immediately below hydroelectric projects.  

In this study, we propose to formulate and test the design of studies that would allow for the estimation of behavior and survival within reservoir sections and allow for valid comparisons to be made between reservoir sections.  We propose to test the feasibility of doing this by dividing the John Day Reservoir up into sections based on hydrogeomorphic characteristics and then releasing tagged fish at the upstream end of each section.  These fish will then be interrogated at downstream locations and we will be able to generate survival estimates for each section.  By making the releases at the upstream end of each section, we hope to remove the potential bias associated with interrogating fish in each section that have had the tag implanted for varying lengths of time and thus reduce the potential for differential tagging effects to be manifested over time (Peven et al 2005).  We will then be able to compare the survival and travel time of these tagged fish with that of tagged fish released as part of other studies released from other locations (e.g., mid-Columbia, Snake, McNary Dam).  The comparison of the survival of these different tagged fish groups within smaller river sections will provide insight into the adequacy of the existing study design to assess reservoir survival. 

Tagged juvenile salmonids, whether tagged with radio or acoustic transmitters have been used to assess survival though dams and reservoirs.  However, little is known of what types of habitats these tagged fish use.  For instance, it is commonly assumed and has been hypothesized that juvenile subyearling Chinook salmon use shallow water habitats in the John Day Reservoir (Tiffan et al. 2006); do tagged individuals exhibit this behavior?  Does the type of habitat used by tagged fish vary within the reservoir?  At what depth do tagged fish migrate, do they follow the thalweg?  In reservoir sections with lower survival, are there differences in the types of habitats that the tagged fish use? While the full examination of these questions are beyond the scope of this pilot proposal, a better understanding of how tagged fish behave would help managers understand the context of estimates of survival and behavior generated using tagged fish as surrogates for the untagged population.  We feel that we can deploy mobile acoustic telemetry arrays to randomly sample across various habitat types in the river section to further assess habitat use.  We will have to rely heavily on interrogating the large numbers of fish released as part of other studies to increase our probability of detecting tagged fish in sufficient numbers to provide a meaningful evaluation.  Dependent on the successful outcome of this pilot project, we would then propose to deploy the arrays to cover available habitats within each reservoir section and then through the development of the probabilistic sampling design, we would propose methods to assess habitat use differences between reservoir sections.

Work element 1. Set up and deploy arrays that can be used to interrogate tagged fish downstream of each release location used for estimating reservoir section survival.


Acoustic telemetry arrays will be deployed at locations downstream of McNary Dam to interrogate fish released as part of this study.  We will establish three reservoir sections that we can evaluate behavior and survival of fish tagged and released as part of this study and also fish released as part of other research being conducted at upstream locations.  The minimum design criteria for estimating the survival of fish downstream of each location will be the establishment of two downstream interrogation arrays (Peven et al. 2005).

Task 1.1 Using hydrodynamic model simulations and other habitat information divide the John Day Reservoir into three distinct sections. 

Task 1.2 Deploy acoustic nodes at a minimum of two locations downstream of the release location to allow for the estimation of survival. 
Task 1.3 Test equipment using test tags and establish Quality Assurance Plan for the operation and data processing aspects of the equipment operation. 

Work element 2. Formulate and test the experimental design and associated assumptions in the use of acoustic telemetry systems to estimate the survival and travel time of yearling and subyearling Chinook salmon through three sections of the John Day Reservoir.

1) Ho: The survival and travel time of tagged fish released at the upstream end of reservoir sections in John Day Reservoir is the same as for tagged fish released as part of studies at McNary Dam and at other upstream locations for a particular reservoir section.

2) Ho: The survival and travel time of tagged fish is equal through each reservoir section evaluated.

3) Ho: The probability of detecting dead tagged juvenile salmonids at arrays downstream of the release location is zero.

Tagged juvenile yearling and subyearling Chinook salmon will be released at the upstream end of each reservoir section (Figure 1).  We plan to release 100 yearling Chinook salmon and 100 subyearling Chinook salmon at the upstream end of each reservoir section (total = 300 yearling and 300 subyearling Chinook salmon),  Releases will be made throughout the migration season and will be timed such that the releases will encompass the conditions experienced by run of the river fish.  We coarsely estimate that we will be able to produce survival estimates with a standard error of 0.03 (assuming S = 0.90 in each section, capture probability = 0.95 for each telemetry array).  Survival will be estimated using the single release survival model (Peven et al. 2005) for fish released as part of this study and for fish released as part of other studies at upstream locations. Travel time through each section will be estimated for each release type (e.g., fish released as part of this study and for fish released as part of other evaluations). We will then evaluate differences in survival of release groupings formulated by release locations.

The assumptions of the single release-recapture model that may be tested are the following:

.
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A1. Individuals marked for the study are a representative sample from the population of interest.

A2. Tagging or sampling does not affect survival and capture probabilities. That is, tagged animals have the same probabilities as untagged animals.

A3. All sampling events are “instantaneous.” That is, sampling occurs over a negligible distance relative to the length of the intervals between sampling events.

A4. The fate of each tagged individual is independent of the fate of all others.

A5. All tagged individuals alive at a sampling location have the same probability of surviving until the end of that event.

A6. All tagged individuals alive at a sampling location have the same probability of being detected on that event.

A7. All tags are correctly identified and the status of smolt (i.e., alive or dead) is correctly assessed.

The first assumption (A1) concerns making inferences from the sample to the target population.  For example, if inferences are sought for Chinook salmon smolts, then the sample of tagged fish should be drawn from that class of fish.  Otherwise, nonstatistical inferences are necessary, justifying the similarity between the target population and the representatives of marked populations.  These assumptions could also be violated if smolts selected for tagging were larger on average than the population of smolts in general. 

Assumption (A2) again relates to making inferences to the population of interest (i.e., untagged fish).  If tagging has a detrimental effect on survival, then survival estimates from the single release-recapture design will tend to be negatively biased (i.e., underestimated).

The third assumption (A3) specifies that mortality is negligible immediately in the vicinity of the sampling stations, so that the estimated mortality is related to the river reaches in question and not during the sampling event.  In the case of outmigrating smolts, the time they spend in the vicinity of detection equipment is brief and small, relative to the size of the river reaches in question.  This assumption is for sake of mathematical convenience and should be fulfilled by the nature of the outmigration dynamics and deployment of the hydrophone or antenna array in the case of active tags.

The assumption of independence (A4) implies that the survival or death of one smolt has no effect on the fates of others.  In the larger river system with tens of thousands of smolts, this is likely true.  Furthermore, this assumption is common to all tag analyses with little or no evidence collected to suggest it is not generally true. Nevertheless, violations of assumption (A4) have little effect on the point estimate but might bias the variance estimate with precision being less than calculated.

Assumption (A5) specifies that a smolt’s prior detection history has no effect on subsequent survival.  This could be violated if some smolts were self-trained to repeatedly go through turbine or spill routes or alternatively, avoid routes because of prior experience.  This occurrence is unlikely and can be assessed from the detection histories of the individual smolts.  The lack of handling following initial release of acoustic-tagged or radio-tagged smolts further minimizes the risk that subsequent detections influence survival.  Similarly, assumption (A6) could be violated if upstream passage routes taken by the smolts influenced downstream detections.  Violation of this assumption is minimized by placing hydrophone or acoustic arrays across the breadth of the river or below the mixing zones for smolts following different passages at the dam.  Also, Burnham et al. (1987) Tests 2 and 3 can be used to assess overall goodness-of-fit to single release-recapture assumptions.  In particular, whether upstream capture histories affect downstream histories of occurrence.

Assumption (A7) implies that the smolts do not lose their tags and are subsequently misidentified as dead or not captured, nor are dead fish falsely recorded as alive at detection locations.  Tag loss and tag failure would tend to result in a negative bias (i.e., underestimation) of smolt survival rates.  The possibility of a radio- or acoustic-tag failure will depend on travel time relative to battery life.  Dead fish drifting downstream could result in false-positive detections and upwardly biased survival estimates.  The passive drift of dead fish bearing active tags is a concern when acoustic or radio tags are used.  We expect that a portion of the tagged fish we release will die en route.  Since the transmitters in these dead fish can continue to operate, dead fish that continue to be swept downstream toward the next recapture system may be detected if the flow conditions are sufficient to transport them downstream.  We propose to assess the probability of this occurring by releasing dead tagged fish at our release locations and then interrogating them at downstream telemetry arrays.  We also will mobile track some of these fish to better assess the distance they are transported downstream and the potential for detection at the next array and reservoir section.  To account for the variability in the flow conditions that are likely to be encountered, we will make releases throughout the release season.
Task 2.1 Collect yearling and subyearling Chinook salmon to be tagged at the McNary Dam collection facility.
Task 2.2 Tag, hold and release tagged fish.
Task 2.3 Collect, compile and post-process acoustic telemetry data.

Task 2.4 Estimate the travel time for tagged fish passing through each reservoir section.

Task 2.5 Estimate the survival of tagged fish through each reservoir section.

Task 2.6 Compare the survival of tagged yearling and subyearling Chinook salmon from the different release groupings through each reservoir section.

Task 2.7 Tag, euthanize, and release dead tagged fish.

Task 2.8 Estimate the probability of detecting dead tagged fish through each section monitored.

Work element 3. Assess the utility of using acoustic telemetry systems to determine the habitat use of tagged yearling and subyearling Chinook salmon.


Understanding the habitats used by tagged yearling and subyearling Chinook salmon will help to put the survival and travel times estimated through the various reaches in the proper context and potentially identify causal mechanisms for mortality and migration delays.  We acknowledge that inferring that the habitats used by tagged yearling and subyearling Chinook salmon to the untagged population is problematic because of potential behavioral differences between them.  However, if tagged fish are to be used to assess survival through reservoir sections, whole reservoirs (already being done), and larger river reaches (ongoing and proposed), understanding the habitat used by tagged fish will provide a better understanding of where and why the mortality is occurring.  We feel that we can deploy mobile arrays to assess presence/absence and assess the position of fish in the water column within reservoir sections. We propose to assess the feasibility of doing this by affixing hydrophones to multiple boats mimicking the fixed arrays.  The utility of using the mobile array would be to reduce the equipment costs associated with having replicate arrays throughout the reservoir by creating a mobile tracking system that would allow for multiple samples to be collected in various habitat types.  We would rely primarily on fish released as part of other studies for this work element.  We contend that there is a high likelihood of large numbers of fish being released during the 2008 migration season.  During 2007, the USGS released 2000 acoustic tagged yearling Chinook salmon at Lower Granite Dam and 3000 yearling Chinook, 3000 subyearling Chinook, and 1000 steelhead trout at McNary Dam as part of an AFEP funded study.  We feel that if similar numbers of fish are released next year then there is great potential to garner more information.

Ho: Habitat use of tagged fish can be determined by setting up fixed and mobile acoustic telemetry arrays in littoral and deep-water habitats. 

Task 3.1 Select littoral and main channel monitoring locations in each reservoir section using habitat information housed at USGS Columbia River Research Laboratory.

Task 3.2 Randomly select littoral and main channel sampling locations using geospatially referenced habitat data.

Task 3.3 Establish protocols and logistics for the establishment of mobile acoustic telemetry arrays.

Task 3.4 Test mobile acoustic telemetry arrays in selected locations.

Work element 4. Report results in technical reports, peer reviewed publications, and presentations.


All work will be summarized and presented in a final technical report, peer reviewed publications, and presentations to professional and public interest groups.

F. Facilities and Equipment

The U.S. Geological Survey (USGS) is the primary research arm of the Department of the Interior, which manages nearly one-fifth of all land in the United States.  The Columbia River Research Laboratory has conducted research evaluating the survival of yearling and subyearling Chinook salmon and steelhead trout at hydroelectric dams in the Snake and Columbia Rivers since 1999.  The Columbia River Research Laboratory has been conducting research on anadromous and resident fisheries in the Columbia River Basin for over 25 years.  The laboratory has state of the art computing resources and GIS capabilities, and approximately 30 research vessels deployed throughout the basin.
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Figure 1.  Schematic of proposed release and detection location design and estimable survival parameters 


(S = survival estimate, p = capture probability, and λ = S • p) generated from the proposed release-recapture design using a single release model to estimate migrant juvenile salmonid survival through the John Day Reservoir.  Dams are represented by rectangles and ovals represent potential detection arrays.  Reservoir survival would be estimated by the product of the survivals for each release group. The variance will be estimated using the Delta Method (Seber 1973). 
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