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ProjectID: 30007


An Acoustic Tracking Array for Studying Ocean Survival and Movements of Columbia River Salmon


Sponsor: Kintama Research Corporation


Province: Columbia Estuary


Subbasin: Columbia Estuary


FY03 Request: $2,930,535


5YR Estimate: $7,345,735


Short Description: Development of a skeleton acoustic array to demonstrate an approach to tracking movements of individual fish through the river and along the West Coast of North America.  The project will initially be focused on salmon, but has much wider application.


Response Needed? Yes


ISRP Preliminary Recommendation and Comments: 


A response is needed.  This proposal continues to be technically innovative and the investigators have completed portions of the Innovative Project (#200008000) tasks.  These results are presented and relevance to the FWP is well described. 





We would like to thank the ISRP for their comments.  We have found them to be carefully thought out and agree with the majority of them.  Our response to each question is listed below.





“…the guidelines for the innovative project category require that sponsors complete the innovative study and submit a final report in order to be considered for additional funding.  What is the status of completion of the final report?”   


Submission of the final report will be possible once we complete a workshop in the Columbia River basin to disseminate the results from the contract.  This is the one outstanding deliverable in the contract.  We are currently working with a knowledgeable individual in the basin (Chuck Pevin) to identify the appropriate individuals to invite and fix a time and place in March or April for the workshop.  All other deliverables in the contract are complete and were described in the current proposal, with the exception of a set of measurements made in the Columbia R estuary.  (Owing to the timing of the call for proposals for the estuary and ocean, we used a set of measurements for the Fraser River to illustrate the basic results in our proposal).  





�A set of measurements of the acoustic detection range in the mouth of the Columbia River estuary was completed after submitting the current proposal on Dec 12th (Fig. 1).  The results, shown here, supplement and buttress the results we obtained in our field trials in the Fraser River estuary, and which we reported in the proposal.  The measurements were made in an area north of the city of Hammond, on the far side of the shipping channel, and south and slightly to the east of Sand Island (46( 14.801’N, 123( 56.854’W).  The results we obtained for the Columbia River measurements are very similar to the measurements we obtained in the Fraser River, and allow us to define how to place the acoustic nodes on the bed of the Columbia estuary. In the Columbia River estuary study, we found that we obtained detection probabilities of >90% for individual transmissions using low-acoustic power output tags of the type we would use in our proposed study.





 The remainder of the final contractor’s report will largely be based on pieces of the existing proposal, plus the manuscript submitted to Transactions of the American Fisheries Society (The reviewers recommend publication subject to revision.  They commented that the surgical study was notable because of its unusual duration (10 months) and because we demonstrated that it was possible to use much larger tags as a proportion of body weight than the previously accepted rule of thumb).





The purpose of this proposal is “to expand research on the acoustic tag and develop a prototype array which will allow demonstrating the capabilities of the technology to establish both river and ocean movements of chinook salmon (page 5).” The author states that the basic technology is now commercially available and the efficiency of its components has been tested.  However, he does also note that “the logistics of deploying the equipment and gathering the data from fish tagged at various locations will require extensive effort over a wide geographic area.  Deployment of equipment in the ocean will require significant R&D design effort (in particular, we intend to place the entire array sub-surface so that surface floats vulnerable to vessel traffic, fishing activities, and “curious” individuals are eliminated).  Designs have been developed and partially field-tested for deploying the equipment on a semi-permanent basis to withstand the severe conditions that may be encountered at various sampling sites.”  


The statement is correct.  As we comment below, we now have further empirical evidence that long-term deployments of this acoustic technology are possible.  We stand by our original statement that this will require significant effort, but believe that the information that would be derived from this effort would be of significant public policy benefit to the Columbia River basin.





Concerning the results presented, the ISRP did note that studies of the biological response of smolts to the acoustic tag implantation were conducted on steelhead and that the proposal focuses on spring chinook.  The author may also be interested that there are yearling fall chinook reared in the Snake and upper Columbia River that would also be large enough for tagging.


We chose to use steelhead rather than chinook smolts in the surgical trials for logistical reasons, and with the consent of the contracting officer, Alan Ruger.  We would agree with what the ISRP appear to be suggesting, which is that tracking fall chinook down from their natal regions would be of considerable interest, and provide additional comparative material on in-river movements in the upper reaches of the watershed to that which we should obtain for the spring-summer yearling chinook.  However, it was our original philosophy to minimize, as much as possible, any possible biological criticism that the animals we would track were somehow “tainted” by their rearing history.  (This point, of course, also applies to the widely applied magnetic CWTs applied to the snouts of salmon smolts, since salmon are believed to migrate partly using magnetic fields, and might also apply to animals either handled by humans or whose size was increased by selective rearing practices).





Nevertheless, we think that there is much advantage to tagging the animals in a way that most closely mimics the conditions experienced by the major life history types.  We would welcome further suggestions as to which groups we would choose to tag, since the principle of the proposal would be strengthened by selecting the most representative animals.





“The importance of this technology is that it provides a means to actually measure migration rates (not necessarily migration paths, they will be inferred between two points), residency time in an area (e.g., within the Columbia River plume), and mortality rates”.  





We agree.  We would point out a philosophical point, which is that any technology measures migration rates, not paths, since the tracking interval between successive positions is not infinitely small.  However, although the distance between detection points we are proposing is relatively large, an advantage of the acoustic tracking array is that its components are scalable to the physical size of the issue (subject to the caveat that this technology will not work for fixing positions to physical scales less than ca. 1 km).  For larger scales, the technology can simply be scaled by adding or moving detection lines to supplement those already present.





Although we would agree that our proposed technology may be well suited to measuring mortality rates at sea for Columbia River salmon smolts, we have not emphasised this potential role for the array as yet.  It will simply not be possible to make pronouncements about the efficacy of the array for measuring mortality until we know what the probability of non-detection for individual animals will be under realistic field conditions.  We are aware of the interest there is in the region in being able to measure mortality rates at sea (especially on a stock-specific basis), but believe that it will not be possible to answer potential critics of the methodology until the array is built on a significant spatial scale.  At this point it will be possible to directly measure the frequency that a migrating smolt fails to be detected on one or more acoustic listening lines, but is then subsequently detected on more distant lines�.   From this data, it is reasonably straightforward to make credible probabilistic statements about the reliability of mortality rates derived from the array.  We will be making significant effort to analyze the data from the array in the first year or two of operation to obtain this information, which will then guide us in evaluating the capabilities of the array to make measurements of marine mortality rates for specific stocks of salmon smolts, in addition to the measurements of ocean distribution and migration we are proposing as the primary product from this research.





Since the ISRP review came out, we have had several discussions with NMFS as to the application of the acoustic array to answer questions concerning the degree to which Columbia River salmon smolts remain resident within the Columbia River plume.  If the NMFS estuary-plume study continues we believe it would be straight-forward to develop a small subsequent proposal to help NMFS assess residency time for the salmon that they are studying in the plume, and (eventually) to assessing which stocks their measurements apply to.  As it has not been possible within the time frame of this review to incorporate an additional component to the project that would address the question of what fraction of the Columbia River salmon smolts entering the plume remain there, or to determine residence time for them, we propose that this be done by developing a separate, supplementary, project.  





If the region agrees to the importance of establishing residence times within the Columbia River plume for salmonids, we would propose that this be addressed by developing a supplementary proposal jointly between NMFS and Kintama Research as sub-contractor.  In brief outline, this proposal would use our existing array, since (see below) this would provide a series of 4 detection lines to the south of the Columbia River plume and multiple lines to the north to establish the movement and timing of tagged salmon out of the plume, and demonstrate whether departing salmon subsequently returned to the plume.  We estimate that in addition to the existing proposal, roughly 40 additional receivers placed just beyond the average boundary of the plume (and perhaps 20 receivers placed under the plume) would provide fine-scale evidence for long-term residence within the plume environment itself.  The number of salmon that would need to be tagged to identify residence within the plume is beyond the time available for this initial response to the ISRP’s comments and would therefore need to be quantified later.  We would suggest that the Year 1 (2003) results from the current proposal would provide the best estimate of the proportion of smolts non-resident in the plume, and the timing of their movements out of the plume.  





Although it is clear that the plume is used by some proportion of West Coast salmonids, and may be a major habitat for some, long-term use by the majority of Columbia River smolts seems unlikely (given the large number of smolts exiting the Columbia river, and the evidence for very rapid northward migration of some fraction of the Columbia River salmon smolts).  It seems to us most likely that some specific stocks may possibly have adapted to use the plume as their primary habitat.  However, because the plume is such a small area compared to the area of the shelf known to contain Columbia River juveniles, it would seem advisable to first address the question of what proportion of the spring and fall-type smolts we propose to tag in our existing proposal remain within the vicinity of the plume in 2003, and then to focus a supplementary proposal in later years on identifying stock-specific residence times for those animals remaining very precisely in or near in the plume itself.  The results from the existing proposal should provide a firm basis for designing these supplementary studies.  Additional smolts could be tagged in and out of the plume environment to supplement the 200 smolts proposed for tagging along the Oregon-Washington coast in August-September.  These tagged smolts would provide important information on how smolts move relative to the plume prior to the August tagging and some assessment of fidelity to the plume environment.





“… in our assessment, this proposal is too large a next step in the development of the technology and the “proof in principle”.  Before expenditures in the millions for receivers etc., there is a responsibility to develop the arrays, deployment processes, and methods for data capture.  There is little value in testing a hypothesis unless the uncertainties of the new technology can be addressed or eliminated.  The ISRP continues to support this innovation and the efforts of this investigator but we recommend that a revised and reduced proposal be submitted.  The development and testing of receiver arrays should be priorities in the short-term and then scaling up to a network of coastal arrays over time if demonstrated to be successful (i.e., re-profile costs over time and after demonstrated successes).  …However, the principles could provide important information to the Columbia Basin if the revisions first address in-river movements and then residence time in and around the Columbia plume.”  





Because of the need to secure the equipment within the limited time frame remaining by the autumn of this year, and the ISRP’s concern about the scale of the deployment, we propose to stagger the deployment as follows (Table 1).  In the first field year (2003), we would propose to put in place the 12 in-river receivers, plus the 8 lines proposed for the Washington-Oregon coast.  In addition, we would propose putting in a subset of the receivers for the west coast of Vancouver Island (3 cross-shelf lines extending to the 100m isobath, plus the relatively small number of receivers placed in West Coast inlets (24 receivers)).  As our original proposal outlined, these inlets appear to be major chinook rearing areas and key overwintering locations.  





In the second field year (2004) we would propose to put in place the remainder of the 31 receivers specified for British Columbia, plus put in place all the receivers identified for SE Alaska (Tables 1 & 2). We have assumed a 20% loss rate per year for receivers previously deployed.  As our discussion below indicates, recent experience in the Atlantic suggests that the probable loss rate will be closer to 15%.





We view the cross-shelf lines on the west coast of Vancouver Island to be important to the initial phase-in period because a significant proportion of Columbia River chinook smolts appear to move rapidly up along the west coast of Vancouver Island.  Snake River chinook smolts are detected off the north end of Vancouver Island by the first week of June, which requires sustained swimming speeds of ~2 BL/sec.  Some of these tagged Snake River smolts are also apparently detected off SE Alaska only a few weeks later.  If there are substantial detections of migrating Columbia River smolts off the northern end of Vancouver Island in year 1, this will provide further justification for deploying the SE Alaska portion of the array in year 2.  





If major problems are identified in year 1 with reference to either the logistics of deployment and recovery, or if a significant number of tagged smolts are not identified migrating north past the west coast of Vancouver Island, then we would propose that a meeting be held to discuss the results after consultation with the BPA scientific authority.  At this point it would be possible to reformulate the objectives if there is significant evidence that the array is failing to meet its potential.





A relatively extensive array is an important first phase, because it will provide the multiple detection lines necessary to establish the rate of non-detection of tagged smolts on the acoustic lines as they move north (or south).  Our calculations suggest that the use of multiple detection lines is preferable to a strategy of a few detection lines heavily populated with receivers (passing boats, rain, or storms can allow a smolt to pass by undetected under severe conditions; however, it is unlikely that these conditions will re-occur just as the smolt reaches subsequent detection lines).  By measuring the proportion of lines that each smolt goes undetected on while still being subsequently detected farther away, a rough estimate of the non-detection rate can be obtained.  With several hundred tagged smolts released and entering the ocean in 2003, the estimate of the probability of non-detection can be substantially refined, and we should then get quite a precise estimate of the rate of non-detection.  Obtaining this value should provide a sharp focus to further assessment and debate prior to planned deployment of the other receivers in 2004.





We are confident that it is logistically possible to put in place these long-term detection lines.  Work in the Bay of Fundy (Lacroix, personal communication) has involved the development of a summer-time tracking network of ca. 200 receivers which has been used to successfully track the movements of over 1,000 acoustically tagged Atlantic salmon smolts in 2001.  The Bay of Fundy has the largest tides in the world, and very severe tidal currents.  A second study by a different group of Atlantic scientists, currently under review, reports on the deployment of a 160 km long acoustic detection line, with receivers spaced every 2 kms on the seafloor.  The line was deployed for 1 yr.  Despite the use of a very simple system for deployment and recovery (individual Vemco receivers were grappled from the seafloor), a nearly 90% recovery rate was achieved.  This single detection line detected a very high proportion of the tagged cod at the start of their winter migration, and subsequently redetected the animals on their return migration the following spring. The authors of the study commented that receivers provided unprecedented information on migration routes and migration timing, and the results were significantly clear-cut to modify the management of the fishery.


In addition, two continuous detection arrays will be deployed in April to June of this year off the West Coast of North America as part of the Census of Marine Life project “POST”.  The longer line will be ca. 20 kms long and consist of 28 acoustic receivers, and the shorter line will be approximately 5 kms long.  These detection lines are intended to seal off Queen Charlotte Sound (the large body of salt water lying between Vancouver Island and the mainland and just north of Johnstone Strait) to and will provide both an extensive test of the ability to detect the movements of multiple tagged steelhead smolts and kelts over these lines, and further proof of principle that large scale detection lines can be deployed in the Pacific Ocean.  While it is not possible to prove that the large-scale Pacific experiment will be successful, we suggest that the ISRP’s concerns be recognized by recommending that final sign-off be made conditional on the funding body being satisfied that progress continues to demonstrate successful likelihood of being able to achieve the proposed results.





In summary, these results demonstrate that the acoustic tracking equipment is already being used in analogous situations to that proposed here, demonstrating that successful large-scale and long-term deployments are possible.  The planned deployment off Vancouver Island in the summer of 2002 will provide further demonstration in a Pacific context and additional experience.  In our view, the next logical step in 2003 is to establish the first phase of a large-scale (multi-line) West Coast tracking array.  This step will allow us to establish large scale movement patterns of key Columbia River salmon stocks in the ocean and to fine tune the capabilities of the technology.  Such information will not be forthcoming from a small scale deployment centred only in freshwater or very near the Columbia River plume.  We recognise the concern for making sure the deployment is logistically feasible, but would argue that failing to provide for the opportunity to measure the capability of the array to measure the “big picture” will also slow down the ability to scientifically assess its true utility.





Table 1.  Summary of the proposed phase-in schedule for the acoustic array, by year.





Deployment Year�
River�
Washington -Oregon�
British Columbia �
SE Alaska�
Total Receivers


Deployed�
�
2003�
12�
117�
57�
�
186�
�
2004�
2�
23�
42�
105�
172�
�
2005�
2�
23�
18�
21�
64�
�
2006�
2�
23�
18�
21�
64�
�
2007�
--�
--�
--�
--�
0�
�
�
�
�
�
�
�
�
Notes:�
�
�
�
�
�
�
a) Annual totals reflect a combination of new receivers placed during the two-year�
�
�
�
�
�
�
       phase in period, and replacement of previously deployed receivers�
�
�
�
�
�
�
b) Equipment is assumed lost and replaced at a rate of 20% per year, except in the last year.�
�
�
�
�
�
�






Table 2.  Summary of the proposed phase-in for the acoustic array, by year.  Detection lines 9, 16, and 21-32 are proposed for deployment in year 2 (2004), assuming that the results from year 1 are deemed acceptable to the BPA scientific authority on the project.








��
Attention should be given to the basis for budget estimates, in particular who the investigators will be and their involvement, and the basis for certain cost estimates.  In the current budget, it is hard to understand a basis for Section 7 (Monitoring and Evaluation) costs given that the majority of those costs would seem to be labor for analytical time.  





A.  Investigators


The three primary investigators responsible for this proposal are Drs Welch & Batten, and Mr John McKern.  Full CVs are attached to this response for all three investigators.  Dr Welch was the originator of the concept of a West Coast acoustic tracking array for salmon and has been involved in developing methods for tracking individual animals at sea since 1995, and has developed large co-ordinated ocean research programs since 1990.  He was also funded under the Council’s Innovative proposal category to evaluate the acoustic tracking technology that this proposal directly depends upon.  Since 1990 he has been focussed on studying the ocean biology of Pacific salmon, and has proposed, co-ordinated, and run several different collaborative international research programs on Pacific salmon in the ocean with the three other major salmon producing nations of the Pacific Rim (Japan, Russia, and the US).  All of these programs have involved the co-ordination of ships and sampling from these platforms.  As well as having a demonstrated ability to conceive and co-ordinate extensive marine sampling programs involving ship’s crews from several countries (and both charter and government crews), he has also won a number of significant scientific awards for his ocean research.  Dr Welch will be overall co-ordinator of the array deployment, and will be directly responsible for all aspects necessary for the initial co-ordination and subsequent at-sea placement of the array elements,  and will lead the field crews involved in the surgical implantation work to ensure that technical standards for surgical implantation are met (an often overlooked issue). He has a Ph.D. in oceanography with a specialization in mathematical and statistical analysis, and will direct and co-ordinate most of the technical analyses of the data jointly with Dr Batten.





In the event that the array proposal is funded, it is Dr Welch’s intention to request a three year leave of absence from his primary employer, the Department of Fisheries and Oceans.  His High Seas program is well-established and the existing scientific and technical staff are clearly capable of executing the program to continue to develop the baseline information needed to document the growth and expected survival conditions for juvenile salmon migrating through or resident in shelf areas of British Columbia and SE Alaska.  Dr Welch will use the time to build the skeleton array, prove the validity of the concept by applying it to an important public policy issue for the Columbia Basin, and seek broader use and support for the array.  An important aspect of the large-scale array is that (properly co-ordinated so that duplicate tag numbers are not released) a single seamless tracking array for all the major rivers and the entire West Coast continental shelf can be developed.  This will allow multiple users from all regions of the West Coast of North America to take advantage of the benefits of such an array, and to spread the costs widely amongst the varied research communities of the West Coast, both freshwater and marine.  





Dr Batten is the former Deputy Director of the Sir Alister Hardy Foundation for Ocean Sciences (SAHFOS), in Plymouth, UK, and was responsible for the co-ordination of a scientific and technical staff of approximately 17, with direct line authority over four.  Her Ph.D. is in Marine Science.  SAHFOS was founded to run the world’s longest and most extensive plankton monitoring program, using the Hardy Continuous Plankton Recorder (CPR).  This involved co-ordinating the shipping, deployment, and return of CPRs from many shipping routes each year, ensuring that the samples were processed, and that the data obtained were archived and made available to the marine science community.  Dr Batten was also formerly heavily involved in a number of major international programs in the Atlantic Ocean that used these data, and has maintained a significant publication record.  She has been involved as a co-PI on all the surgical trials funded under the current Innovative Proposal, and most of the field trials of the acoustic tracking equipment and subsequent analysis of the data derived from these trials.  Dr Batten will be in charge of overseeing the day-to-day co-ordination of operations needed to successfully order, position, and deploy the equipment needed, assist with aspects of the field work, and co-ordinate the analysis of the data needed to evaluate the technical performance of the array after its deployment, and the movements of the tagged fish over the array.





Mr McKern was formerly employed by the Corps of Engineers as Chief of the Fisheries Management Unit, Walla Walla District.  He has an M.Sc. in Fisheries Science with a minor in statistics.  He has over 30 years of experience within the Columbia River basin on freshwater issues concerning salmon.  Mr McKern was originally involved in the work when Kintama Research sub-contracted to him to supply a boat for the freshwater measurements made as part of the Innovative Proposal research last summer, and used his knowledge of the river to identify potential field test sites.  Mr McKern will be brought into the current research proposal as a result of his ability to deal with the numerous permitting processes which need to be obtained to allow tagging of the salmon under NEPA, to co-ordinate with the hatcheries that would provide the source stocks used for the tagging, and to facilitate co-ordinating with the diversion facilities at mainstem dams where PIT-tagged fall-type smolts could be collected and tagged  (We find the ISRP’s comment that yearling fall-type chinook large enough to be acoustically tagged may be available very useful.  Mr McKern will follow up and evaluate this possibility.  If it is biologically reasonable we would prefer to use this approach, since it would provide movement data over the up-river array elements to compare with that obtained for the spring chinook, and because we have some concerns over the amount of time that might need to be spent at mainstem dams trying to collect a representative sample of PIT-tagged upriver smolts from specific stock groupings).





A number of individuals with considerable technical experience either in surgical implantation of tags or in the at-sea deployment of oceanographic equipment have been identified.  In the event that the proposal is funded discussions will begin to secure their services.  Technically well trained statistical analysts to assist with the preparation and analysis of the collected data will also be hired to assist with this aspect of the project. 





A.  Budgets


In the original preparation of budgets, we developed cost estimates for labor, travel, vessel, and equipment by major activities.  In transferring these costs to the Council’s task-based budget sub-sections, we did not include the indirect cost of activities to order, co-ordinate, and pre-position equipment into the direct cost categories (and thus did not adequately reflect directly associated costs).  We had instead aggregated them in with costs for monitoring and evaluation, a category which the ISRP rightly notes appear to be more associated with analytical tasks.  In the revised budget these costs have now been shifted to the various tasks and now appear in the totals presented there.





The remaining major changes to the budget are as follows:  





I.  We have phased in estimated costs for deploying the array over two years, as the ISRP suggested.  We considered a phase in over three years, but concluded that this was not warranted for three main reasons:  


A slower phase-in means that significant money must be spent on running a geographically restricted array over several years and a substantial amount on tagging in each year if we are to have sample sizes adequate to answer the critics; as a result, cost savings are not as large as might be thought.  


We believe that the need to evaluate the capabilities of the array that are specifically built into our task-based budget statement under “Monitoring and Evaluation” will allow us to demonstrate for the contracting authority whether the array in Year I is working as expected; if it is not, there will be a need to re-group and re-assess at that time.  


The time lines for outsourcing the equipment needed in year 1 will already be very tight if we are to meet the 2003 field season.  If this proposal is successful, funding will not be established until roughly the early autumn of 2002, which leaves approximately 6 months to sign contracts and arrange for the manufacture and delivery of equipment to be deployed in April.  Until contracts are signed, it is not possible to clearly schedule the procurement phase, partly owing to the available timelines, but also because it was (and still is) uncertain as to how smoothly the manufacturer can schedule the arrival of equipment from several suppliers.  We believe that limitations on procurement in Year 1 are likely to play as large a role in the deployment as will our scheduling plans.  It is not possible to have serious discussions with the manufacturers as to limits on their own time lines until we can demonstrate that we are in a position to sign contracts with them.





II. During the development of the original budget estimates, we neglected to factor in a contingency factor for loss or failure of the acoustic receivers (seawater ingress, electronic failure, etc).  We have assumed an estimated rate of equipment loss of 20% per year in the revised budget calculations, with no provision for equipment replacement in year 5.





III. Final year costs for data retrieval are higher than for earlier years because in the final year of the project the boats are only used for getting data back - in previous years the boats are also used for replacing receivers (and in year 2 putting out other lines), so the costs of boat, salaries and travel in earlier years of the project have been split between the 3 categories.





IV. Out-year estimated costs for monitoring and evaluation are slightly higher than in year 1.  This was the result of our assumption that if the results from year 1, focussed on demonstrating the validity of the array, were successful, then more effort would be devoted to broader range of analysis questions, and that additional staff time would be taken in presenting the results at meetings and preparing primary publications.





� Our measurements of the rate of detection of false positives (i.e. serial numbers of acoustic tags recorded as present when they are not) is currently on the order of only 1 in 105 detections when multiple tags are simultaneously transmitting and therefore generating significant potential interference.   These rates are sufficiently small that they are likely to be of insignificant influence in the calculation of rates of mortality at sea.
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