FY 2007 Innovative Project Proposal 

Development of a Low-cost Dual-Frequency Acoustic Tracking Capability for Ocean & Freshwater Components of the POST Tracking Array 
Proposal by Kintama Research, 10-1850 Northfield Road, Nanaimo BC V9S 3B3 

A. Abstract and Statement of Innovation 
We propose to test and evaluate a newly developed small and long-lived acoustic tag technology compatible with the existing POST array technology.  This should allow seamless measurement of movements and survival of ocean-type chinook >90~95 mm FL, and permit direct assessment of the relative role of the ocean and freshwater on the survival of smolts smaller than currently possible.  The innovation within this proposal comes from the merging of the existing technical infrastructure Kintama has developed for operating a 69 KHz acoustic tracking network with a new assessment to collaborate with Vemco to evaluate and incorporate a new very small tag operating at 180 KHz into the POST array.  This innovation is possible because the POST network architecture will allow hosting additional sensors in a seamless fashion, and the new higher frequency tracking system can be incorporated into future elements of the POST array at negligible additional cost.  The 2004-06 Demonstration Phase showed that the POST array can efficiently track 69 KHz tagged smolts in both freshwater and ocean environments and measure both movements and survival with near-perfect detection efficiency.  Vemco’s development of a new, very small tag working at 180 KHz should thus potentially allow the POST array to track movements and survival of wild ocean-type (fall) chinook, sockeye, and coho between freshwater and the ocean with near-perfect detection efficiency and large economies of scale.  Unlike existing products available from HTI (300 KHz) or the JSATS tag (420KHz), Vemco’s technology offers the realistic prospect of long-duration (~ 6 month) tracking of a very small tag, and will allow seamless monitoring of tagged fish in both the river and marine environments over many months.  As Columbia R ocean-type chinook are found in high abundance as far north as Vancouver Island by late summer, a significant fraction of listed stocks may quickly leave the Columbia River for the ocean.  Unless a method is found to enumerate the timing and abundance of these out-migrants, biological studies using higher frequencies (which cannot be effectively used in brackish or marine environments) suffer from the flaw that the studies are (a) not closed to emigration from freshwater study areas and (b) cannot be economically scaled up to assess movements and survival in estuarine or ocean areas.
B. Technical and/or scientific background

Large uncertainty surrounds the question of the relative roles that the hydrosystem, habitat, hatcheries and the ocean play in determining the current listing of 13 Columbia River salmon ESUs under the Endangered Species Act.  In particular, the high survival during the rapid out-migration of spring Chinook and steelhead smolts that we are finding using POST would point to a major role for the ocean in determining the conservation status of many stocks of Columbia R salmon (see below).  If the ocean has this role for rapid outmigrating stocks of these salmon stocks, it may also play the same role for ocean-type chinook, which migrate to sea at a size too small to evaluate with the current POST tag technology (as well as Snake R sockeye and coho).  We propose the development of a small and very long-lived acoustic tag working at a frequency (180 KHz) that will allow seamless tracking of movements and survival of smolts down to about 90-95 mm forklength using POST.  The development of this system would allow a simple low-cost extension of the POST array (which currently extends over 2,500 km from the Snake River to Alaska) to address critical conservation issues about the role of the ocean in establishing survival of ocean-type chinook smolts.  Successful completion of this work would allow POST to be used for essentially all Columbia R salmon questions, with the exception of chum and pink salmon smolts.  Given the important—and possibly causal —role of the ocean in determining the current conservation status of many stocks of Columbia R salmon, a technology platform that provides a direct method to experimentally test hypotheses concerning the role of hydrosystem operation (flow, spill) and “latent” mortality induced by hydrosystem passage are critical.  Providing a system that seamlessly extends the POST observational package into the lower Columbia River (“estuary”) and the coastal shelf  is critical to providing direct measurements of movement and survival for ocean-type chinook.  No other technology that we are aware of can provide this capability.
For reasons discussed in the next section, moving to a smaller tag size, while biologically desirable, can potentially have serious consequences in that the higher frequencies that must be used with these tags may result in a telemetry system that is incapable of being used in the ocean.  Ignoring the role of the ocean in determining adult salmon returns to the river is essentially equivalent to making the strategic bet that the very poor SARs observed in the region have a freshwater origin, and that ocean effects impacting adult salmon returns are not going to either obscure entirely or be confounded with freshwater processes (e.g. the latent mortality issue recently reviewed by the ISAB).  
Unless direct experimental measurements are made that separate out freshwater from marine processes, studies restricted to the freshwater phase will have significant problems in resolving the effect of the ocean.  

A great deal of work has been conducted within the 12 freshwater provinces of the Columbia River watershed on the ecology of Pacific salmon stocks.  However, despite more than half of total salmon mortality occurring in the ocean (Bradford 1995), and large declines in the ocean survival of many salmon stocks occurring over the last three decades, very little is known about the ocean ecology of these salmon.  New technology makes the tracking of juvenile or maturing salmon over the vast distances of the Pacific Ocean possible.  Since 2000, Kintama Research has been focused on the development of an acoustic tracking array technology that would allow continental-scale tracking of smolts as small as 125 mm using Vemco’s recently developed (2000) low-cost 69 KHz fish tracking system.
Citing from our earlier proposal in 2000: “When combined with new information from recent research on the ocean migration pathways of juvenile salmon, it should be possible to design a program to track individual salmon out from their rivers of origin and establish migration pathways for individual fish and specific stocks (rates and direction of movement), and to identify their ocean foraging grounds.  It may be possible to develop stock-specific estimates of mortality and rates of movement for salmon in regions such as the lower Columbia River and in the ocean to complement PIT-tag studies previously used in the upper Columbia River to measure rates of mortality.  This information would also allow an assessment of how much time salmon spend within the estuary or plume environments.  It is likely that this research can be done in a cost-effective and scientifically credible way that will complement the extensive freshwater studies that have been done in the Columbia River.  Co-ordinated properly, it will allow simultaneous monitoring of juvenile salmon during the first few months of sea life from stocks in all regions of the West Coast of North America.  This will provide critically needed information on how salmon use the ocean during their extensive migrations, and insight into how current and anticipated future climate change will affect individual stocks of Pacific salmon from the Columbia River”.
Most of the goals outlined above have been achieved.  During the past few years, Kintama developed an initial solution to the array geometry and tag programming problems necessary to provide a low-cost, highly efficient tracking system capable of tracking smolts tagged with Vemco’s V9 (9mm diameter x 24, 27 & 29 mm long) acoustic tag for up to several years at sea.  In 2005 Vemco introduced a smaller (7mm) acoustic tag operating on the same frequency.  This tag was directly compatible with the POST array, but detection efficiency over POST’s ~20 km long listening lines was at reduced efficiency (~70% of passing V7-tagged animals detected versus 95% for V9-6L tagged animals) because of the lower acoustic power (loudness) of the smaller tag.  
A detection efficiency of >95% is possible for the V7 tag as well, but requires a redesign of the POST array geometry and tag programming, which will increase capital costs and likely decrease the operational lifespan of the V7 tag.  A formal re-design of the POST array to better accommodate the V7 tag has not been investigated to date, but with the development of the V6 tag and the perceived importance in the Columbia of addressing fall (ocean-type) chinook issues, it now makes sense to look at the issue of how the array should be redesigned to address issues for very small smolts.
 The Choice of Frequency
As tag size shrinks to allow physical implantation into smolts, minimum sizes are reached for the components that are determined by the physical size of the battery, circuit board, and transducer.  These result in trade-offs between how the available battery power is used (short-lived and loud or long-lived and relatively quiet).  However, as the transducer element shrinks in size, the natural resonant frequency of the tag shifts to higher frequencies.  Vemco (and POST) chose the 69 KHz frequency because it will transmit long distances through saltwater and background noise levels are relatively low.  Below about 7 mm in diameter, existing technology cannot be used to efficiently drive smaller transducers at 69 KHz frequency.

[image: image1.emf][image: image2.emf]Vemco has now developed a high acoustic power small tag operating at 180 KHz (Fig. 1).  Because of the acoustic power output and the lower frequency than other available tags, the projected range in seawater is very roughly 300m (Fig. 2 and Tables 1 & 2).  The tag and power consumption is compatible with the existing POST array technology, and means that the existing dual frequency 69 & 81 KHz POST array
 can be modified to also track fish tagged with the 180 KHz tag for essentially the same economic cost per VR3 node as currently used equipment.    
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Unfortunately, because of the incompatible tag transmission used in systems by other manufacturers, these tags cannot be tracked by the POST array receivers, and the high current drain of their receivers means that they cannot be currently incorporated into the current POST array (POST’s receivers have a projected lifespan of (7 yrs running off a lithium battery pack; other systems currently either require cabled power from shore or have about a 30 day lifespan running on batteries).  However, an equally important consideration is the potential detection range in both fresh and saltwater of the HTI (300 KHz) or JSATs (420 KHz) technology, which likely makes the detection range about 100m relative to the ca. 300m range of the Vemco V6 tag (Table 2) because of the greater sound absorption occurring at these higher frequencies.  As the POST seabed array Kintama has designed is now deployed year-round with a wireless data link and an ca. 7 year operational lifespan on the seabed, the operational costs of putting out a sufficiently dense sensor grid remain economically feasible for both large rivers and large sections of the continental shelves if the tag detection range is in the range of 300m.

Table 1.   The dependence of Acoustic Absorption (db/100 metres) on frequency.  Not modeled in these calculations is the additional propagation issue that at higher frequencies objects in the water, suspended matter, etc., also become more of an obstruction to sound propagation.

	Frequency (kHz)
	Salt Water
	Pure Fresh Water

	100
	3
	0.2

	200
	5
	0.7

	300
	7.5
	2

	400
	10.5
	3.3


Table 2. Theoretical range potential for selected frequencies with a 1 milliWatt (141 dB re 1 uPa @ 1 metre) transmitter and a well implemented omnidirectional receiver/detector.  This is the theoretical range achievable with a good receiver under nearly ideal conditions; actual conditions are likely to be much worse than ideal and may well deteriorate more quickly at higher frequencies because of other unmodelled phenomena such as thermal noise.  These results are best considered as ratios of potential detection ranges using different transmission frequencies for a given receiver technology, and suggest that transmission at 180 KHz should give achieved ranges of 2-3X that achieved at higher frequencies in saltwater, and 3-6X better range in freshwater.  These multiplicative factors translate directly into increased capital costs of building an array operating at different frequencies.
	Frequency (kHz)
	Salt Water (m)
	Pure Fresh Water (m)

	180
	425
	1400

	300
	225
	500

	400
	140
	250


We have previously established from formal surgical trials that a conventionally encapsulated V6 tag can be reasonably implanted into the abdominal cavity of coho smolts down to ca. 105 mm (Chittenden et al, submitted).  If conformally coated (Fig. 1) with a vapour-deposited barrier, and thus reducing the tag size by eliminating the need for encapsulation, it is expected that a V6 tag can be implanted into smolts down to the 90-95 mm range, which would cover most of the size range of wild smolts not covered by the existing POST system (excluding pink & chum fry).

Such an advance would be useful because the existing VEMCO V7 & V9 tags can be implanted with little post-surgical detriment into smolts >125 and >140mm, respectively (Welch et al 2007; Chittenden et al, Submitted).  Although the existing 69 KHz POST array has great utility for animals greater than these size thresholds three important groups of salmon (ocean (fall) type chinook, coho, sockeye) cannot be tagged unless the smolts are grown to sizes above normal.  This raises questions about whether the behaviour and survival of larger-sized animals matches that of natural-sized smolts.  
Performance of the Current POST Array

A summary of papers completed to date or in progress that describe the scientific performance of the existing 69 KHz POST array technology is listed in the Literature Cited section of this proposal (§G).   This section reviews the performance of the existing 69 KHz array, since a 180 KHz variant should have similar performance apart from (a) being applicable to smaller smolts and (b) requiring a different geometry & tag programming to achieve equivalent performance.
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An often overlooked aspect of developing telemetry systems involves the technical performance of the array and its components, since this ultimately determines the efficiency (cost) of the system to operate, and the potential ability to expand the array with time—if the per unit costs are high, the spacing of the nodes forming the array must be too small or if the effective battery lifespan of the units is too short-lived, the economics of the system will not scale to address large-scale questions involving the ocean because the capital cost of the array and/or effort required for operational maintenance will be financially infeasible.  The current POST system has been made operational with a deployed cost per node of ca. $10K, a projected operational life span of ~7 yrs, and an inter-node distance of 800m.  The tag programming necessary to achieve a 95% detection rate over 20 km listening lines has permitted a minimum operational lifespan of 4 months for the smallest V9 tags
.  Those stocks of Columbia R spring chinook (Snake and Yakima Rivers), steelhead, and sockeye that have been tagged have consistently migrated out of rivers and along the coast at 20-25 km/day (1.5~2 BL/sec); this gives the V9 tagged fish a range of  about 120 days x 20 km/day or 2,400km.  In theory this allows measuring the movements and survival of free-ranging Columbia River fish as far away as SE Alaska.
The existing POST array has thus achieved most of the initial goals stated for it in 2000.  The basic wireless VR3 node available from Vemco is ca. $6K/unit, and we are informed that the 180 KHz tracking function can be incorporated into these units for essentially no change in unit costs.  (The existing system is actually already dual frequency, but we have not used the 81 KHz capability).  More than 150 units of the permanent VR3 are currently in operation in POST since initial deployment starting in the spring of 2006, and overwinter survival of these units using Kintama’s proprietary deployment technology was nearly 100%, an important milestone (Fig. 3).  With current node programming these units are projected to have a continuous lifespan of >4 yrs on the seabed, and with changes to the power management we are likely to implement this year these units should have a continuous lifespan of >7 yrs.  As a result, the per unit deployment cost of these units of ca. $10K is economically quite reasonable so long as equipment loss to commercial fishing can be kept low.  

Detection efficiencies over the ca. 20 km long ocean listening lines using low acoustic power (i.e. long-lived) tags in salmon smolts and the current 800m node spacing has been ca. 95%, and a major study we conducted in conjunction with UBC (S. Hinch’s lab) on adult Fraser R sockeye in August-September 2006 showed that we achieved an essentially 100% detection rate for returning tagged adult sockeye migrating in-bound over both the POST array lines in the ocean and in the lower Fraser River (i.e. no tagged animals were detected on listening lines situated farther towards the spawning grounds without first being detected on the major listening lines covering southern BC approaches to the Fraser R). Thus POST has great promise for studies of larger salmon in the ocean as well.  As indicated, the engineering performance of the array, both in terms of the quality of the equipment manufactured by Vemco and those designed by Kintama has largely met expectation.  In applying this system to problems in the Columbia, we have demonstrated that the survival of freely migrating spring chinook smolts (140mm is equivalent to that measured for independent cohorts released and tracked over the PIT tag system (Fig. 4) and that (surprisingly) survival did not vary with initial size beyond this threshold (See the 2007 report to BPA for details on the latter point).
C. Rationale and significance to the Council’s Fish and Wildlife Program

The most important application of POST to the Columbia comes not from its duplication and extension of the PIT tag system survival estimates, but from the system’s ability to measure survival in the ocean and to compare survival out of the Fraser R system—which lacks dams and can thus act as the closest feasible surrogate to the “damless reference” that the ISAB discussed in it’s recent (2007) report on the latent mortality issue.  We

report here our nearly complete
 analysis of the PIT and POST tagged chinook and steelhead out of the Snake-Columbia R system with their congeners from the Thompson (Fraser) R.  For both species, survival down to the river mouth is similar, and when scaled by either distance or time traveled survival is statistically greater in the Columbia (Fig. 5).  
This is the most important contribution that the POST array technology can make to the Columbia—the ability to give a broader perspective on the region’s salmon problems, and a technical method to begin allowing the region to address the ocean impacts that have largely gone unstudied and are likely confounded with important regional theories such as latent mortality.  By developing a similar ability to address the same types of issues for very small smolts (>95mm FL), the POST system can be made to operate transparently for other groups of salmon in a seamless and transparent way.

Fig. 5.  Annual survival estimates (%) for Thompson & Snake R spring chinook and steelhead.  In each panel, survival for stocks migrating down to the Fraser R mouth is shown to the left of the vertical dashed line, and survival of Snake R stocks migrating down the Columbia River are shown to the right. The horizontal red line and surrounding band show the average Fraser R survival and 95% confidence interval, averaged across all available Fraser data.  The vertical band and cross to the right of each group of annual survival estimates shows the median survival estimate and 95% confidence interval of their average, based on 10,000 Monte Carlo simulations.  (Top) Estimated survival.    (Middle) Survival scaled per 100 kilometers traveled, S100/L.  (Bottom) Survival scaled per migration day, S1/T.  For the Snake R stocks, Upper River refers to survival measured from the Snake R trap to the last (Bonneville) Dam using PIT tags (NOAA data).  Lower River refers to survival measured from Bonneville Dam to near the river mouth (Astoria) using acoustic tags (Schreck et al data).  The spring chinook survival value for “Entire River” is based on the 2006 survival obtained by Kintama from two groups of acoustically tagged smolts released at Kooskia fish hatchery and measured at an ocean listening line at Willapa Bay, 920 kms distant.  A single whole river estimate is not available for steelhead, but a synthetic value (red dots) can be obtained for 2002 and 2003 by multiplying up-river PIT tag survival by Schreck’s lower river acoustic tag survival, and scaling by total travel distance or time as appropriate.  A similar combined estimate of survival for chinook can be calculated from the 2004 data, and is also shown for comparison with Kintama’s whole river estimate for 2006.  When scaled by time or distance traveled, all comparisons of river survival possible indicate that either average survival of Snake R smolts migrating in the Columbia R was higher than for the same species migrating in the Fraser at the 95% confidence level, or not statistically different. Such comparisons of salmon survival in rivers lacking dams are critical and increase the likelihood that the poor adult returns observed in the Snake R are the result of ocean processes that can realistically only be studied using the POST array. These results should be treated as “Draft” pending finalization of the calculations.
D. Relationships to other projects

This project forms a natural extension to the current POST effort to develop a permanent continental-scale telemetry array for the west coast of North America.  POST is also the core demonstration project for the now funded $45M Cdn “Ocean Tracking Network”, which will see compatible arrays deployed world-wide, levering a total of $160M of research funding.  (Sadly, none of this additional funding will provide further equipment within POST’s existing geographic footprint).
E. Proposal objectives, work elements, methods, and monitoring and evaluation

The initial design and evaluation of the existing 69 KHz POST array was initially developed using funding from a proposal submitted as part of the NWPCC 2000 call for Innovative Proposals.  Subsequent to the results of that study demonstrating: (a) that it was potentially feasible to tag smolts down to ca. 14 cm with the V9 tag (then the only tag available), (b) that it was possible to detect these tags at distances and sensor orientations that could potentially make a continental-scale array economically feasible, Kintama has since developed in collaboration with Vemco the technological infrastructure to make an array of sea (and river) bed sensors permanently deployable at low unit cost and high reliability.   
Criticism of the POST array technology has included the  point that the existing array, optimized for V9 tags, cannot be used for smolts (125 mm FL, and therefore does not cover the entire size class of naturally occurring spring chinook smolts, and cannot be used for wild ocean type chinook, sockeye or coho smolts.   Although it is possible to re-visit the POST array geometry and tag programming to boost detection rates of lower acoustic power V7 tags, it makes more sense to do this after developing a rigorous assessment of th new V6 180 KHz tag system, since inclusion of that technology would immediately extend POST’s capabilities in a direct manner to these smaller smolts.
In this proposal we are proposing to follow a very similar approach employing the proven methods used to develop the original array design in 2000-2001:

1) Conduct a surgical trial (with controls) to establish a minimal size threshold for conformally coated and conventionally potted V6 acoustic tag in ocean type chinook.  (This data already exists for a conventionally potted V6 tags using coho, and will serve as a comparative assessment.  The results (Chittenden et al, Submitted) indicate that a cylindrical potted V6 tag can be used with little negative effect on coho smolts (105 mm, and little or no impact on physiology or swimming capability).
2) Conduct field trials to establish the detection range (proportion of transmissions successfully decoded) as a function of tag depth and horizontal range in various freshwater and marine environments using a variant of Kintama’s existing array deployment infrastructure.
a. A linear array of 20 closely spaced (25m) VR2-180 KHz units will be deployed just off the sea or riverbed.  These will be paired with VR2-69 KHz units.

b. Continuously transmitting 180 KHz and 69 KHz tags will be lowered and held at precise depths below the boat, so that a fixed number of tag transmissions (N=50 or N=100) are emitted.
c. A special recording hydrophone will be used to digitally record the acoustic environment and characterize the background noise present at each site during the experiment.
d. All equipment will be retrieved, and the transmissions successfully recorded at each range downloaded.  The data will then be divided up into time blocks corresponding to the discrete depths the tags were held at.
e. The proportion of transmissions recorded will be gridded into a matrix defining how transmission probability varies as a function of tag depth and sensor range.  
3) Develop and expand Kintama’s earlier optimization work to identify a minimal-cost/maximum information delivery array geometry and tag programming schedule appropriate for use with 180 KHz V6 tags
.
a. Use basic data on transmission probabilities collected for different environments (river, estuary, ocean shelf) to develop a probabilistic description of how effective detection ranges for V6, V7, and V9 tags vary with tag depth and sensor range and the associated uncertainty.

b. Develop a formal optimization analysis to establish an appropriate array geometry and tag programming for V6 tags (that will also accommodate the 69 KHz V7 & V9 tags), which will give very high probability of detecting a tagged smolt crossing an acoustic curtain at reasonable capital cost.
c. A simulation analysis will be developed to define how a sparse grid of compatible receivers deployed in a Columbia reservoir can best be used to characterize overwinter residence and survival of non-migratory fall chinook.
4) Deploy test array to evaluate movements and survival of 100 tagged Snake R fall chinook smolts surgically implanted with V6 tags.
a. 2 or 3 array lines will be deployed, likely either (i) all in the Snake R or  (ii) in Lake Wallula and below Bonneville Dam, to establish movements and survival and test theoretical detection efficiencies.  (Locations chosen will be contingent on feasible detection ranges and available equipment.  If projected downstream movement and survival rates are not high, we will keep all equipment in the Snake R near to the smolt release site to maximize the number of tags moving over the array).
b. Based on results obtained during initial data upload (July 2008), one or more lines may be moved to form a sparse grid downstream of where many smolts seem to have stopped (died or ceased migrating).  Equipment will be re-deployed overwinter (to beyond projected battery life of V6 tags) to establish if late migration occurs and what the smolt movement patterns in one reservoir may be like.  The operational approach will be modeled on Kintama Research Report to BC Hydro for a closely analogous problem (Welch and Gaboury, 2005) which assessed coho smolt migration and movements in a dammed tributary of the Fraser R using a sparse acoustic array.
If all components of this proposal are successful, a seamless technological system for smolts >-90-95 mm can be implemented throughout the FCRPS, the lower river, and along as much of the continental shelf as desirable.  This system should allow the immediate incorporation of an “ultra-small” tag telemetry system into the existing POST array, and thereby provide a direct means to address the types of previously intractable questions addressed in the ISAB’s “Latent Mortality” report (2007) for ocean-type chinook (as well as sockeye and coho).  
As Kintama’s preliminary findings from the 2006 work demonstrate with V9 tags, relatively rapid progress can be made on answering these difficult problems by allowing direct experimental tests of hypotheses using a well-engineered acoustic array.  We are not aware of any alternative technology that can be used to make these measurements in the ocean; as a result, we believe that this proposal is both relevant to Columbia R salmon issues and meets the Council’s innovative criterion.
F. Facilities and equipment 

Kintama Research manages the development of the POST array R&D and the operational components of the POST array from it’s primary facility in Nanaimo, B.C.  We are moving to a 7,000 square foot industrial site with purpose built office and lab space in mid-summer, 2007, in order to facilitate the expansion of staff and workspace needed for the next phase.  We are currently in the planning process for developing the staged expansion in operational capacity needed to support POST.  We manage POST’s technical operation using a combination of owned core equipment and operation from chartered vessels.
Major requirements beyond those available at Kintama are for hatchery space to conduct experimental surgeries (we will request space at Dworshak Hatchery), and lease of truck and vessels for freshwater and ocean work.  (Vessels with appropriate hydraulics cost $2,500 per day to charter).  Personnel will need to be housed in hotels while away from home.  In addition to the purchase of 20 VR2-180 KHz receivers and 100 V6 acoustic smolt tags, repair and refurbishment of Kintama’s equipment (acoustic releases, bottom nodes).  A laptop computer will be purchased for technical staff use and for data downloading in the field.  During the 2000-01 innovative study, Kintama severely underestimated the technical work required.  We are requesting a budget of 0.6 FTE to hire a M.Sc. level statistician to assist with data analysis, 0.5 FTE for an engineer/operations research expert to work on the optimization design, and 0.2 FTE for completion of the sparse grid simulation work.
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Responsible for the development of a technical strategy for building a continental scale acoustic tracking array to serve the needs of the marine science community.  The purpose of the array is to put in place a permanent seabed telecommunications network for continental shelf regions of the Eastern North Pacific and to ensure the technology’s expansion around the globe to all coastal seas.  The array is intended to facilitate the tracking of individual marine animals greater than about 12 cm in length and measure survival in situ.  In a follow-on phase, it is intended for this architecture to also host a wide range of physical oceanographic instrumentation, leading to an integrated ocean observing system that includes the fish tracking sensors.  I founded Kintama Research to develop the research and design the technological infrastructure necessary to test the array concept and then to create operational arrays.
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WELCH: AWARDS & RECOGNITIONS (Selected Highlights)

2007 (
Part of the research team that secured the $45M award for the globalization of POST, termed the “Ocean Tracking Network” (12 February 2007).

(
Invited Keynote Lecture. “Technological Innovation in Marine Science: The role of the Pacific Ocean Salmon Tracking Array (POST) in Changing Fisheries Management and Marine Research”  MTS/IEEE Oceans 2007 Conference. October 2007.  

2006 (
Research highlighted in Science, “Sound Sightings” (Vol 313, p. 777; 11 August 2006).

(
Research highlighted on the BC Knowledge Network Series, “The Leading Edge, Innovation in BC” Television Program.  http://www.knowledgenetwork.ca/leadingedge/index.html (Search under “People Profiled”)


(
Research highlighted on the Oregon Public Broadcasting “Field Guide Series” Television Program, Episode #1803,  “Salmon Tracking”.

(
Invited Lecture “Pacific Ocean Salmon Tracking  (POST)”  2006 Columbia River Estuarine Conference. Astoria, Oregon. 20 April 2006  (Invited) 
2005 (
Invited Lecture “POST-- A Permanent Continental-Scale Acoustic Tracking Array for Marine Fisheries Research: The Goal & Some Initial Results” Alaska Marine Science Symposium, 25 January, 2005. Anchorage, Alaska.

· Member, NOPP (National Oceanographic Partnerships Program) Review Panel. 7-11 February 2005, Washington D.C. 

· Invited Lecture “Initial Results from the Pacific Ocean Shelf Tracking System (POST): A Permanent Continental-Scale Acoustic Tracking Array for Fisheries Research".  Acoustical Society of America AGM, May, 2005.  Vancouver, B.C.
· Adjunct Professor (renewed).  School of Earth & Ocean Sciences, Univ. of Victoria.
· Member, Centre for Earth & Ocean Research, University of Victoria.
· Nominated for the “FRONTIERS IN RESEARCH AWARD” given by the Science Council of British Columbia (not awarded).
2004
(
Invited Lecture “Global climate change effects on anadromous fishes” Center for Aquatic Biology and Aquaculture, University of California, Davis 7 June, 2004. Davis, California.  

· Named Chief Scientist, for the Census of Marine Life program POST, or "Pacific Ocean Shelf Tracking" January, 2004.  (2004-05)
· Scientific Advisory Board,  International Centre for Sturgeon Studies, Malaspina University-College, Nanaimo, British Columbia.

2003
(
Invited Plenary Address “Monitoring changes in fisheries production: using vessels of opportunity” Marine Sciences in the Northeast Pacific:  Science for Resource Dependent Communities.  14 January, 2003. Anchorage, Alaska.  

2001
(
Adjunct Professor. School of Earth & Ocean Sciences, University of Victoria.  Four Year Limited Term appointment, July 1, 2001 – June 30, 2005.


(
Co-Chair. Alfred P. Sloan Foundation’s Pacific Census of Marine Life Project, “post”.  (Joint with G. Boehlert).  March 27, 2001. 

2000
(
Invited presentation on my ocean research program and a review of expected impacts of global warming on Pacific salmon to the senior executive committee (CEO and all senior Vice-Presidents and aides) of the Bonneville Power Administration: "Effect of Ocean Climatic Shifts on Growth and Survival of Endangered Salmon Stocks".  Bonneville Power Administration, Portland, Oregon.  3 February 2000.

· Invited presentation,  Idaho State Legislature, House Resources & Conservation Committee. On my ocean research program and a review of expected impacts of global warming on Pacific salmon.  Boise Idaho, 13 March 2000.

· Best Paper Award, "Ocean Climate Effects on Pacific Salmon".  American Fisheries Society Annual Meeting, Idaho Chapter.  March 2000. 
· Nominated, by the American Fisheries Society, for the Pew Award for Marine Conservation.  May, 2000.  (Not Awarded) (http://www.pewmarine.org/ProgramProfile/index.html)

1999

R.E. Foerster Award.  Outstanding Scientific Publication for 1998.  (D.W. Welch, Y. Ishida, and K. Nagasawa.  (1998) Thermal Limits and Ocean Migrations of Sockeye Salmon (Oncorhynchus nerka): Long‑Term Consequences of Global Warming.  Can. J. Fish. Aquat. Sci. 55:937-948).

1999

R.E. Foerster Award (Honourable Mention).  Outstanding Scientific Publication for 1998. (D.W. Welch, Y. Ishida, K. Nagasawa, and J.P. Eveson.  1998. Thermal Limits On The Ocean Distribution Of Steelhead Trout (Oncorhynchus mykiss). In: D.W. Welch, D.M. Eggers, K. Wakabayashi, and V.I. Karpenko (Editors), “Assessment and Status of Pacific Rim Salmonid Stocks”.  N. Pac. Anadr. Fish Comm. Bull. No. 1:396-404.)

1997

R.E. Foerster Award.  Outstanding Scientific Publication for 1995.  (D.W. Welch, A.I. Chigirinsky, & Y. Ishida (1995)  Can. J. Fish. Aquat. Sci. 52:489-503)

·  “Phantom of the Ocean”.  A 1 Hour Canadian Broadcasting Corporation Television Documentary focussing on my research in DFO on climate change, global warming, and ocean biology of salmon.  The show was subsequently re-aired several times.

1992

(Honourable Mention)  1992 R.E. Foerster Award
Publications:  Primary (Including Submitted):  58(63);    Secondary: 127
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1. Welch, D.W., Boehlert, G.W., and Ward, B.R.  (2003)  “POST–the Pacific Ocean Salmon Tracking Project”.  Oceanologica Acta  25: 243-253
2. Welch, D.W., Ward, B.R., and Batten, S.D. (2004). “Early Ocean Survival and Comparative Marine Movements of Hatchery and Wild Juvenile Steelhead, as Determined by an Acoustic Array: Queen Charlotte Strait, British Columbia”.  Deep-Sea Research Vol 51(6-9):897-909. http://dx.doi.org/10.1016/j.dsr2.2004.05.010z
3.  Melnychuk, M.C., Welch, D,W., Walters, C.J., and Christensen, V. (2007)  “Riverine and early ocean migration and mortality patterns of juvenile steelhead trout (Oncorhynchus mykiss) from the Cheakamus River, British Columbia”.  Hydrobiologia 582:55–65  DOI 10.1007/s10750-006-0541-1  Available at: http://dx.doi.org/10.1007/s10750-006-0541-1
4.  Welch, D.W., Batten, S.D., and Ward, B.R.  (2007) “Growth, Survival, and Rates of Tag Retention for Surgically Implanted Acoustic Tags in Steelhead Trout (O. mykiss)”. Hydrobiologia  582:289–299   DOI 10.1007/s10750-006-0553-x  Available at: http://dx.doi.org/10.1007/s10750-006-0553-x
5. Welch, D.W., S. Turo, and S.D. Batten.  (2006)  “Large-scale Marine and Freshwater Movements of White Sturgeon (Acipenser transmontanus)”.  Trans. Amer. Fish. Soc. 135:140–143.  Available at: http:/dx.doi.org/10.1577/T05-197.1
Relevant Publications in Preparation:

A.  Welch, D.W., & Many Others (In Prep) “Continental Shelf-Scale Measurement of Marine Movements and Survival of Juvenile Pacific Salmon”.  
B.  Welch, D.W., Erin Rechisky, Michael Melnychuk, Carl J. Walters, Carl Schreck, Benjamin Clemens, R. Scott McKinley.  (In Prep).  “Survival of Migrating Salmon Smolts in Large Rivers With and Without Dams”.  
C. Rechisky, E.R., and D.W. Welch.  (In prep).  “A Direct Experiment to Measure Delayed Mortality in Snake and Columbia River Spring Chinook Salmon (O. tschawytsha) Using a Large-scale Acoustic Array, POST”.  
D. Rechisky, E.R., and D.W. Welch.  (In prep).  “Ocean Survival and Movements of Transported and Run-of-River Spring Chinook Salmon from the Snake River (O. tschawytsha) Using a Large-scale Acoustic Array, POST”. 
Fig. 4.  Comparison of run-of-river spring Snake R chinook smolt survival estimated using the four POST lines deployed in the Snake and Columbia Rivers (triangles) with the survival measured by NOAA on different groups of PIT tagged smolts (open squares). Survival of POST tagged smolts was marginally greater than that of PIT tagged smolts.   For reference, the average Snake R spring chinook survival over the previous 7 years measured by the PIT tag system is also shown (red circles).  The regression lines show the fit of a simple one parameter model defining how survival declines with distance from release.  Note that the POST survival estimates measured in the ocean at 950 km (far right of figure) and 1,500 kms (not shown) are not included in the regression analysis.





Figure � SEQ Figure \* ARABIC �1�. Unencapsulated VEMCO V6 transmitter, shown to demonstrate scale.  For comparison, the standard POST V9-6L acoustic tag is 9mm diameter x 24 mm long.  Lifespan of the V6 tag using appropriate programming is projected to be ca. 6 months, and tag detection range is projected to be potentially in the 300m range at the 180 KHz transmission frequency.  VEMCO’s proprietary technology, in combination with the use of a frequency near the tag transducer’s natural resonance allows the tag to be driven to very high acoustic outputs.  This combination of loudness and lower frequency than other similar sized tags means that the detection range is great  enough to potentially allow design of an economically feasible array that will work in the ocean as well as freshwater. 




















Fig. 2.  Comparison of sound absorption in saltwater and (pure) freshwater (From Urick, 1983).  Note the rapid increase in absorption (dB/m) with higher frequency and the greater absorption in seawater (the latter effect is largely attributable to sulphate bonds rather than to the salt).  Absorption in the Columbia River (and especially it’s estuary) will be greater because of high suspended particulate loads.
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Fig. 3.  Performance rates of VR3 permanent nodes.  Data recovery and assessment of array survival occurred over the April-May 2007 period (the Lippy Point line has not yet been serviced).  Denominators show  number of permanent units in place in autumn 2006, and numerators show number of still operational nodes found in spring 2007,.  There is some evidence that several of the non-responsive units may still be operational but that strong tidal currents at the time of the visit may have prevented the acoustic link-up. This will be assessed during the summer maintenance and data upload period.  Notes: (a) Some units (11) on the Willapa line which were displaced by commercial fishing in summer 2006 are not included in this assessment as they were not replaced for the overwinter period; all units left out overwinter remained operational in the spring.  (b)  A revised anchoring system and modification of the trawl-proof design currently being developed by Kintama may address the problem encountered with trawlers, which was restricted to one heavily trawled section of the Willapa Line.  (c)  The Cascade Head line was formed from temporary “pop-up” VR2s and was left out overwinter because the severe weather prevented its earlier recovery.  (It has been recovered but will not be redeployed under the currently approved funding).











�   Although incorporated into the existing POST array long-lived seabed sensor packages, POST does not currently use 81 KHz tags.


�   Mean time to failure (i.e. time to 50%  failure) is about 1 yr in tests using the V9-6L tags & Kintama’s programming specifications, well beyond the 4 month minimum.


�   These calculations are nearly finalized, but should be considered draft until submitted to the journal and accepted for primary publication.


� Tag programming and seabed array geometry (node spacing and geometry) can be independently modified to give relatively high detection rates, but at the cost of high capital cost (more nodes and more labour to maintain the array).  Kintama’s original optimization work demonstrated that a single straight line of seabed sensors with a reasonable degree of overlap could be made highly efficient and cost-effective with 69 KHz tags.  However, as detection range drops there is reason to believe that the optimal geometry will no longer be a single line but will shift to a grid (essentially, multiple overlapping lines, each composed of a set of sensor nodes that may or may not be overlapping).  This phase will seek to identify a formally optimal solution to this more complex situation, which will attempt to maintain a tag programming schedule that will allow tracking of V6 tagged animal’s movements and survival of ca. 6 months while maintaining reasonable capital costs.  Greater flexibility in defining the tag transmission schedules of new tags means that the ability of the tags to essentially reprogram themselves at different times after fish release needs to be carefully evaluated as well. 
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