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a. Abstract 

The 2000 Biological Opinion directs the Federal Columbia River Power System (FCRPS) operators to evaluate the full life cycle of the Snake and Columbia River salmon and steelhead.  The marine phase of the life history is only dimly understood.  Various assumptions have been made in regional planning and computer modeling efforts that the effects of passage through the hydrosystem cause delayed mortality in the estuary or the ocean or that collection and transportation around the dams cause differentially higher delayed mortality than experienced by in river migrants.  Major regional decisions and the fate of the fish listed under the Endangered Species Act depend on knowing where mortality is occurring, and what management measures are appropriate to reduce mortality.


There is evidence that different regions of the Pacific Ocean respond in different ways to climate change.  These differences should affect the productivity of salmon stocks if specific stocks migrate to different regions.  We are proposing a research program that will provide key information on the migratory behaviour and feeding areas of individual stocks of salmon in the ocean. Our proposal is to develop and evaluate a tracking array that will allow us to determine where upper Columbia and Snake River chinook migrate to, and also measure the efficacy of the array in the river and at sea.  If results from this pilot study are successful, it will be possible to expand the array’s geographic extent and allow concurrent studies on the movements of a wide variety of other Columbia River anadromous fish stocks (all species of salmon, sturgeon, eulachons, shad, and lamprey) at low incremental cost. 


We propose to assess the feasibility of the array concept on upriver chinook.  As a species, the marine distribution of juvenile chinook makes them particularly amenable to experimental evaluation in a pilot study, thereby improving the likelihood that the testing and evaluation phase will be a success.  At the same time we should be able to provide testable scientific results on whether the different survivals of Upper Columbia and Snake River chinook stocks is due these stocks residing in different regions of the coastal ocean.  This information will directly address several key areas identified in the 2000 Biological Opinion.  We are unaware of an alternative methodology that could be used to make this test.

b. Technical and/or scientific background
qqq
The 2000 Biological Opinion identifies ocean survival as the greatest uncertainty in the life history of the Snake and Columbia River salmon and steelhead.  A great deal of information has been gathered on the survival of juvenile salmon and steelhead as they migrate through, or are transported around, the eight Corps of Engineers dams between Lewiston, Idaho, and the Columbia River estuary.  However, only recently have investigations begun to establish the survival and areas of mortality for juvenile salmon and steelhead in the estuary.  Aside from studies conducted to identify the survival and benefits of the Juvenile Fish Transportation Program, little has been learned about the survival of juvenile salmon in the ocean.  
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Most of the mortality determining the smolt to adult return rate is probably determined in the ocean, owing to the extended period of time salmon spend there relative to time spent in the lower Columbia River below Bonneville dam. Because of the size of the Columbia River PIT tagged smolts cannot be efficiently detected below the dams. As seawater is opaque to radio, radiotelemetry will not work in the estuary or ocean, and it is difficult to use in large rivers.  Thus, with current technologies Bonneville dam is the last point at which outbound smolt abundances can be measured in the Columbia River.  


Methods that allow following movements of fish in large rivers or out at sea at reasonable cost are clearly needed because large variations in ocean survival between regions of the ocean and over time have clearly occurred.  Ocean survival of coho salmon is known unambiguously for a variety of hatchery and wild stocks on the West Coast.  In southern British Columbia, survival of Strait of Georgia coho has dropped from 20-25% in the 1970s to ~2%.  In SE Alaska, coho marine survival has remained consistently high at between 20-25% over the same period (Fig. 1). Ocean survival of Oregon coastal (OPI) coho has dropped 10-fold from the 1960s, from 6% to 0.6% (Welch et al 2000).


Geographic differences in rates of salmon survival in the ocean raise important issues for both salmon managers and scientists in the Columbia River.  Until recently it has been widely assumed that freshwater habitat disruption– particularly involving the construction of the four Snake River dams–has had the dominant influence on Columbia River salmon abundances.  The wide variation in “base level” marine survival rates for coho holding in the 1960s and 1970s, ranging from only 6% in Oregon-Washington to 25% in regions to the north will result in significant differences in adult returns for stocks resident in different areas of the coastal ocean.  Furthermore, the order-of magnitude drop in survival over the last 2-3 decades indicates that salmon resident in different parts of the ocean will not have stable survival rates.  There is little direct evidence that freshwater survival has varied by a similar amount.  The possibility therefore exists that decreasing rates of marine survival over time have obscured improvements to the hydrosystem that may have helped Columbia River salmon.


The events developing in the current calendar year (2001) exemplify this possibility.  Jack returns of chinook in 2000, and the ensuing adult returns in 2001, have reached record or near-record levels for both spring-summer (stream-type) and fall (ocean-type) chinook salmon in the Columbia River, reversing a long period of diminishing returns.  Similarly, both coastal coho returns and up-river steelhead runs have also reached record or near-record levels.  The large increase in recent adult returns underscores the need to understand how the ocean influences salmon, because these effects are confounded with the effect of the hydro-system.  Obligations to protect ESA listed salmon stocks in the Columbia river make it imperative that the correct diagnosis as to the cause of their decline be identified, since action based on misinformation could conceivably make a bad situation worse, as well as having high costs in time and money spent ineffectively.

Much of the recent controversy over Snake River chinook stocks has been based on the assumption that ocean conditions were either stable over time, or at least affected different stocks of Columbia River salmon similarly.  Schaller et al. (1996) concluded that hydropower development and operation was the primary cause of declines of productivity and survival of Snake River and upper Columbia River stocks.  This conclusion depends on the assumption that the estuary and early ocean conditions do not have systematically different effects on survival for upriver stream-type chinook stocks. Schaller et al concluded this was reasonable in view of the similarity of these stocks, the overlap in time and space during their early ocean phase, and the basin-scale nature of ocean climate changes (e.g. Beamish, 1993; Beamish and Bouillon, 1993).  This assumption may be unfounded.  Since marine survival rates do differ for Oregon and SE Alaska coho stocks, and other work has demonstrated that adjacent freshwater groupings of steelhead may have different marine survivals (Welch et al, 2000), the critical assumption underlying Schaller et al’s conclusions is that the marine distribution of the stocks used in the comparison is similar.  This hypothesis can be tested.  


Past efforts to restore Columbia River salmon have focussed on the freshwater aspect of the life history because it was not technically possible to establish the abundance of smolts below the last dam.  Because saltwater blocks radio signals, it has also been infeasible to follow the migration of juvenile salmon out to sea, downstream of the last dam, preventing any real understanding of where the salmon go in the ocean or to what extent they use the estuary.  


Current ocean research using ships and fishing gear has demonstrated that conditions affecting salmon in different parts of the coastal ocean can differ markedly between regions and over time.  However, a technology based on nets that catch and kill the animals is inadequate to follow individual animals and establish a detailed understanding of their movement patterns in the sea.  Such an ability is now possible using new acoustic technology, providing the prospect of following individual salmon over months or years of their life history.  If successfully developed, this will permit opening up “the black box of the oceans” and should for the first time enable a characterization of regions that specific stocks of salmon use by determining where the individuals forming each stock go.


The principal researchers for this project have evaluated new acoustic tag and receiver technology from VEMCO Inc., funded under the Northwest Power Planning Council’s Innovative Proposal process (Proposal 22001; BPA Contract 00003839).  They have successfully applied some of these findings in a “proof-of-principle” study to track steelhead smolts out to sea in British Columbia using results from the BPA-funded evaluation and Alfred P. Sloan Foundation funding under the Census of Marine Life.  The technical performance of the technology, reported below, has been tested in several shelf regions of the Pacific Ocean, in a major estuary, and in the Snake and Columbia Rivers.   


It is the purpose of this proposal to expand the acoustic tag research to develop a prototype array which will allow demonstrating the capabilities of the technology to establish both river and ocean movements of chinook salmon. If successful, this proposal should also address key biological uncertainties identified in the 2000 BiOP as a major issue (Chapter 9, §9.6.5.3.5.1; p. 173-179). Because the array can be used to track up to a maximum of 65,000 tagged animals at once, and can be designed to operate transparently between freshwater and the ocean, the array concept has great promise for cost-sharing by allowing a large number of individuals from a wide range of fish and marine mammal species to be tagged and tracked.  In the long-run this will reduce the cost of making this technology available to Columbia River researchers by drawing in researchers from the entire West Coast of North America, and will permit the development of a more geographically extensive and permanent acoustic array than would be otherwise possible.  If funded, our intent is to build on this skeleton array by seeking additional funding from outside the Columbia watershed, and develop an acoustic array covering the entire west coast. 


This project will be divided into a number of phases.  The basic acoustic technology is now commercially available and the efficiency of its components has been tested in river, estuary, and ocean conditions by the PIs.  However, 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.  


In Section I of this proposal we describe the acoustic technology we propose to use and the results of an evaluation of its technical capabilities in three different environments (river, estuary, and ocean).  We also describe our results in surgically implanting dummy tags into pre-smolts of different sizes in order to determine minimum size guidelines for designing field studies.  In Section II we briefly describe the concept of a west coast acoustic array extending from the headwaters of the major river systems and out into the ocean, and why such an array (properly designed and efficiently managed) would yield major dividends in establishing where anadromous fish from the Columbia River go.  In Section III we describe the results from recent West Coast ocean salmon studies which demonstrate that stock specific migration patterns appear to have led at least some ESA-listed salmon stocks to have an ocean residence pattern that places them directly in regions of significantly reduced ocean productivity, apparently contributing to their poor ocean survival.  Finally, in Section IV we describe our proposed pilot project, which is focussed on up-river chinook stocks.  The data derived from that study should provide a direct test of a key assumption underlying Schaller et al’s views about the reason several chinook stocks are listed, as well as critical measurements to guide the development of additional array studies.


The purpose of this study is to provide an important example application of the tracking technology– a “proof-in-principle” of the full-scale array concept– while at the same time likely leading to major increments in our basic biological understanding of the target species.  A series of Appendices are used to contain details necessary to support the proposal, while keeping the main body of the proposal focussed on the major issues.

Section I.  Description of the Acoustic Technology

Technical Performance


The technical capabilities of the acoustic technology we propose to use for the tracking array were evaluated during 2001 in three different environments: river, estuary, and open-shelf areas of the coastal ocean.  We describe here the basic nature of the acoustic tracking equipment that can be used as a basis for a seamless river, estuary, and ocean tracking array, and our measurements of its capabilities.


The basic principle underlying the proposed tracking array is newly developed technology from Vemco, Ltd.  The V8SC acoustic tag is 22 mm long and 9 mm in diameter.  These tags transmit an acoustic signal identifying the serial number of the tag on a fixed frequency, plus a checksum (verification of acoustic code). (On slightly larger tags, too large for salmon smolts, the tags can also report the depth and/or temperature of the animal at each transmission). Tags appropriate for use on smolts have an operational life under continuous operation using an average one-minute transmission interval of ca. 4.5 months (it is also possible to either program “silent periods” into the transmission to lengthen the tag’s lifetime or decrease the repeat rate for the acoustic signal).

The Vemco VR-2 acoustic receiver used for receiving the signals from the tags is self-contained, contains 2 MB of flash memory and can operate for up to 6 months on a single lithium C-cell.  Each time the receiver’s hydrophone detects a valid serial number it writes to its memory the serial number and the exact date and time of the detected transmission.  The receiver therefore does not store an acoustic record of the ambient sound field, but simply records the presence of tagged animals in its vicinity.  The checksum transmitted with the serial number allows the receiver to verify that a detected acoustic code is correct, and prevents false detections of tagged animals that are not actually present.  Over several long-term experiments with multiple tags present, we did not find a single instance of the receiver recording a tag not actually present in the test population.  Thus the rate of detecting “false positives” is very low.

To minimize the cost of the electronics, tags and receivers are chosen to work on a single fixed frequency. Because all tags transmit on a single frequency, simultaneous transmissions by two (or more) tags would result in neither transmitting tag being correctly detected by the receiver.  To prevent “collisions” from having this effect, a random delay is built into the transmission interval, so that if two or more tags within detection distance of a receiver transmit at the same time, successive transmissions will likely occur at different times.  

The introduction of a random timing element into the transmission schedule allows the presence of all tags to be recorded by the receivers with high probability if the tagged animals remain within the vicinity of a receiver for a few minutes.  The investigator can specify the average silent interval and the degree of random variation.  For use with the proposed array, a mean transmission time of one minute with transmission intervals being equally probable at any time interval between 30 and 90 seconds (a uniform distribution) should provide good results.  When animals are moving rapidly through the detection region a shorter transmission interval could be chosen, but this increases the risk of collisions from multiple tags.

To examine the probability of detecting a transmitted signal, we examined the probability of detecting a tag’s signal at varying horizontal ranges from a receiver and at different depths for the tag.  A continental scale array of receivers can only be considered feasible if the receivers are placed subsurface, in many cases directly on the sea or riverbed, where they will not interfere with vessel traffic or be subject to deliberate tampering.  As a result, almost all of our experiments were based on the “worst-case” scenario of the receiver sitting on the bottom.  

Experiments were conducted by placing a string of receivers at fixed distances apart on the bottom then holding a tag at a fixed depth and range.  A series of 100 transmissions were made before moving the tag to a different depth or range and repeating the process (Fig 2).  In the estuary, an extreme environment where a salt wedge can sharply attenuate sound signals, we measured the probability of detection at 1-meter intervals from the surface to the bottom, but used only 50 transmissions per depth, and used a subset of four receivers placed in the surface to compare detection ranges. 
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The results (Figs. 3-5) are shown as a series of contour plots of the probability of detecting a transmission at different depths and horizontal ranges for three locations: (A) Freshwater (Columbia and Snake Rivers), (B) Estuary (Mouth of the Fraser River), and (C) Ocean (the continental shelf off Vancouver Island).  In most cases, detection distances for the low power V8SC acoustic tags had detection ranges approaching 500m, so a series of receivers placed on the bottom at an interval of 1,000m would have high probability of detecting a migrating smolt that crosses the detection line.  Our poorest results still yielded an acoustic detection range of 350m.  During our Columbia and Snake River tests we found that in a number of locations a single receiver was potentially capable of detecting all tagged fish migrating up or down the river.

We also found that there are differences between experimental sites that appear to be a combination of the specific geometry of each test site.  This influences the number of pathways that a spreading sound source can travel to the receiver, and the level of background noise due to commercial or recreational boat traffic. Even for the receiver maintained at range zero occasional undetected transmissions meant that the probability of detecting a tag can never be guaranteed to be 100%.  This is an important design consideration, because simply placing the receivers closer together to achieve greater overlap in their detection zones will not ensure detection if an increase in background noise level affects all nearby receivers similarly (e.g. a passing vessel).  Simple calculations suggest that a staggered array of multiple low cost listening lines should be more effective than a few densely instrumented lines.  This arrangement would also provide more information on movement (speed, direction) between detection points.  As a result, we are proposing that the prototype acoustic array be developed on the principle of using multiple acoustic detection lines, so that if the local environmental conditions allow a tagged fish to pass undetected at one point in the river or coastal zone, then subsequent independent listening lines in the array will allow further chances to detect an animal’s passage.  Such occurrences will allow us to better design a full array.

Fig. 3.  Comparison of acoustic tag detection in (left) the Columbia River (ca. 2 kms upstream of McNary dam and (right) the Snake River (upstream of Ice Harbor dam).  The top panel shows the percent of tag transmissions detected at various depths and ranges, P(d).  The bottom panel shows the probability of detecting at least one transmission assuming that the tag is in the vicinity of the receiver for a total of 10 transmissions, 1-P(d)10.  The probability of detecting the tag is high out to ca. 300m in the river reach above McNary dam and exceeds 500m in the Snake River.  Dots indicate the actual measurements.
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Fig. 4. Comparison of acoustic tag detection in an estuary situation (Fraser River), where a strong salt wedge is present (at time of writing similar measurements for the Columbia River mouth had not been completed).  (Left) Results for a receiver placed on the riverbed, hydrophone oriented upwards, and the tag held at different depths from surface to bottom, and (Right) Simultaneous measurements for a series of four receivers held in the freshwater surface layer, hydrophone oriented down, at 1m below the surface.  The top panel shows the percent of tag transmissions detected at various depths and ranges, P(d).  The bottom panel shows the probability of detecting at least one transmission assuming that the tag is in the vicinity of the receiver for a total of 10 transmissions, 1-P(d)10.  The probability of detecting the tag is high out to ca. 300m for the receiver on the riverbed and exceeds 500m for the surface receivers.  Dots indicate the actual measurements.  Note the detection of the tag by the river bottom receiver at 500m range.  This result was not an error, but probably the result of multi-path reflections of the acoustic signal which amplified the sound signal at this range.  There was significant vessel traffic during the experiment.  The poor tag detection occurring at 13m depth for receivers at all ranges corresponded to a period when a series of large vessels passed close by the experiment (~120m distance).
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Fig. 5. Comparison of acoustic tag detection on the open shelf, with the receivers situated on the bottom in ca. 150m of water. The top panel shows the percent of tag transmissions detected at various depths and ranges, P(d).  The bottom panel shows the probability of detecting at least one transmission assuming that the tag is in the vicinity of the receiver for a total of 10 transmissions, 1-P(d)10.  The probability of detecting the tag is high out to ca. 480m.  Dots indicate the actual measurements.  
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Biological Response of Smolts to Tag Implantation

Steelhead smolts of varying sizes were surgically implanted with dummy acoustic tags in the spring of 2001 to investigate the capability of salmon smolts to carry these relatively large tags. They were followed for 7 months (beyond the 4.5 month design lifetime of the tags we were evaluating) to examine survival, growth, and tag retention as a function of size at time of tagging.  Anaesthetized and PIT-tagged smolts were used as a control group.  A summary of these results follows.  A full manuscript has been completed and submitted to Transactions of the American Fisheries Society, and is available from the principal investigators (david.welch@kintamaresearch.org).

The key findings are as follows: 

A. Currently available acoustic tags can be successfully implanted into salmon pre-smolts as small as 11.5 cms and successfully tagged and tracked for many months of their life cycle.  For salmon tagged in early May, this would allow tracking their movements to mid-September.
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B. Rates of tag loss in the study population can be broken down into two components (mortality and tag shedding) and were examined as a function of initial smolt size.  Smolts of 10 cm starting size did not survive surgery (the body cavity could not be closed around the tag).  33% of the 11cm size class survived and retained their tags for 7 months. For animals 12cms or greater, survival increased sharply with increasing size and tag retention was consistently high. Although loss rates were greater than for the PIT-tagged controls, the majority of the animals in all size classes greater than 12 cm survived & retained their tags (See Fig. 6). 
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 3. Growth of surgically implanted smolts was initially reduced relative to the PIT tagged controls (Period 1 in Fig. 7; evaluation at 3 months post-implantation).  However, implanted smolts of all size categories did grow after implantation. Past 3 months there was no significant effect of the implanted tags on growth performance. Because we did not anticipate such a rapid return to normal growth conditions we cannot determine how soon after implantation growth became normal; however, it is clear that surgically implanting the tags did no long-term harm to the animal’s growth.

4. Most mortality happened soon after surgical implantation but tag loss was concentrated in the period 2-3 months post-implantation. (For animals (13 cms FL tag loss never exceeded ~15% of implanted tags).  The mechanism behind tag shedding is discussed in the submitted manuscript.  Beyond 3 months it appears that additional mortality or tag shedding is negligible (1 tag at wk 25; Fig. 8).  Since slightly larger tags (9mm x 27mm or 30 mm) have a considerably extended lifetime (to 1.3 yrs) compared to the smallest tags which we used (22mm x 9 mm), we are interested in establishing minimum size guidelines for using these larger tags.  We suspect that they can be readily implanted into smolts of ~16 cms or larger with little problem, but have not yet investigated this possibility rigorously.  We intend to examine this issue as part of the current work.
Section II.  Ocean Movements of Juvenile Pacific Salmon
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Ocean sampling demonstrates that juvenile salmon remain on the continental shelf at least as late as early December and as far west as the end of the Alaskan Peninsula and the start of the Aleutians, six months after initial ocean entry (Fig. 9). Earlier work had speculated that juvenile salmon began to move off the shelf by early fall and move directly into the Gulf of Alaska (e.g. Hartt and Dell 1986).  However, in 7 years of fall sampling (October-December 1995-2001), all juveniles were found to remain over the continental shelf until the start of the Aleutians, at the end of the Alaskan Peninsula (at the head of the final arrow in Fig. 9B; Carlson et al 1997; Morris et al 1997; Welch et al 1998 and In Prep.).  Because juvenile salmon restrict their movements to long-shelf migrations on the continental shelf until at least the beginning of winter, this observation provides the basis for a cost-effective approach to monitoring their movements.  

By placing multiple detection lines across their migration path, it is possible to detect a given tagged animal many times using an acoustic tag without needing to capture (and therefore kill) the animal to retrieve the tag. In principle, the full life cycle of those species and stocks of salmon that remain as shelf residents throughout their lives can be monitored using this approach.  Migration of those stocks that move out of the study area can be detected by monitoring lines placed at the far end of the migration path since we have little evidence for direct off-shelf movements.  

CWT, PIT-tagged, and thermally marked juveniles captured during these surveys indicate that most salmon swim rapidly northwards along the continental shelf (Fig. 10). There are some populations of Pacific salmon which also move south along the continental shelf, opposite to the general pattern of movement (e.g. Weitkamp et al 1995); at present, it is uncertain why or which groups do so. 
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Migration speeds for marked salmon indicate that many animals (including Snake River chinook) moved along the continental shelf at ground speeds of >1 body length per second (BL/sec) continuously for months in order to reach the areas where they were eventually caught, yet never left the continental shelf (Fig. 11).  Maximum sustained swimming speed of salmon significantly exceeds 1 BL/sec (Brett et al 1958), so migrating smolts could cross the narrow shelf and enter the open ocean within four days of ocean entry from virtually anywhere along the West Coast.  Thus these animals must be both actively migrating to remain over the shelf, probably taking advantage of oceanographic features to sustain these high migration speeds.  As virtually all of the marked salmon captured were found to the north and west of their freshwater origin (Fig. 10), most salmon eventually destined for the open ocean must move first towards the Aleutians and only then out to the open ocean. 

A second key aspect of the measured swimming speeds of the chinook comes from the substantial disparity in observed migration speeds of tagged chinook salmon in the summer and fall.  In June and July, the majority of tagged chinook caught in the shelf ecosystem are clearly migrating rapidly.  However, by autumn, the distribution of observed swimming speeds changes markedly to only that of animals that have moved quite slowly.  

This skewed distribution is partly the result of right-censoring of the observations because fast moving chinook move past the survey area and thus are not represented in the fall survey; at 1 BL/sec, a chinook averaging 18 cms in length will have traveled 1,500 kms in three months (assuming a starting size of 14 cms in mid-May and 22 cms in mid-August).  However, the fact that substantial numbers of chinook and coho are still present on the shelf late into the fall indicates that a significant proportion of these species must remain as shelf residents and not undertake long-range migrations to the Aleutians. It seems likely that, like birds, these animals may actually move as rapidly as their fast-moving counterparts while migrating, but simply stop moving when they reach their intended destination. It is these populations that will be exposed for long periods to the ocean conditions in specific areas of the shelf.
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Although the continental shelf is very long relative to the width (30-40 kms vs 4,000 kms), our proposal is to focus the array in an even narrower and more focussed fashion.  Comparison of the catch distribution of juvenile coho and chinook shows that chinook are strongly oriented to the near-shore, with chinook predominating within inside sheltered waterways and coho distributed along the open shelf (Fig. 12).  This orientation is also evident from a comparison of the catch distribution relative to water depth (Fig. 13).  Although we find juvenile salmon are shelf-bound (i.e. their distribution restricted to shoreward of the 200m isobath), the majority of the chinook and coho occur in shallower regions, with the chinook expressing the strongest near-shore preference.  (The lack of salmon catches in waters less than 20m deep is a sampling artifact; the mouth opening on the surface trawl is 18m deep).
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By autumn, ship-board observations show that the distribution of chinook is strongly oriented to sheltered inside waters, while coho tend to be more distributed on the outer shelf.  However, by end of winter (March) significant changes in distribution are evident; in March 2001 coho were not found anywhere in the region extending from north of Vancouver Island to SE Alaska (Fig. 14), while large catches were still obtained off the west coast of Vancouver Island.  In contrast, some chinook appear to move out of the sheltered inlets onto the open shelf by winter’s end, moving at least as far as the Queen Charlotte Islands.  By October 2001 the chinook distribution had again contracted into the inlets and near-shore region, suggesting that a limited acoustic array sampling the nearshore and the chinook movements in and out of the major inlets could track the movements of the majority of the chinook resident on the shelf.  We use these observations in designing the acoustic array we describe next.
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Section III.  A West Coast Tracking Array for Columbia River Anadromous Fish Stocks.

In summary, after entering the ocean from freshwater, Pacific salmon smolts generally move up and around the West Coast of North America, restricting their movements to the continental shelf (Fig. 15). Because the shelf, shown in light blue, is very narrow along most of the West Coast of North America the migration corridor for juvenile salmon restricts them to a long thin region which can be monitored at many locations at relatively low cost.

[image: image18.wmf]We describe here the placement of a skeleton tracking array that should allow tracking juvenile salmon from the upper reaches of the Columbia and Snake Rivers down to the ocean and from southern Oregon shelf waters north to SE Alaska.  Such an array (properly designed and efficiently managed) would yield major dividends in establishing where anadromous fish from the Columbia River go.  Our intent is then to use the data collected during the initial operation of the array to evaluate aspects of the efficiency of the array.  The specific project we propose in the following section will provide important data that can be used to evaluate the efficiency of the array in detecting and tracking juvenile salmon down the river and returning adults moving upstream, as well as the shelf movements of these fish in the ocean over several years.  

Fig. 16 shows the general schematic for a single -detection line, and Figs. 17-19 show the proposed geographic scope of the skeleton array.  We comment first on the general characteristics of the proposed array, and then discuss its specific use further with respect to the three demonstration projects.  The key points in considering this array are the following:

(1) We have specified spacing for adjacent array elements in the river using a detection distance of 350m, and 500m in the sea.  Experience with the experiments used for determining the detection distance emphasized the need to allocate time for surveying the sea or riverbed to establish an area of regular bathymetry and to assess local factors that may influence detection range.  As most smolts appear to migrate close to the shoreline, riverbank or near shore array elements also need to be placed as close as practicable to the shoreline to maximize detection. As the charts of river placements indicate, in most regions of the upper Columbia one or at most two receivers should cover the entire river.  However, in the ocean a slightly larger number of array elements than indicated by the 1 km spacing may be appropriate.  Available charts are insufficiently detailed to identify the final receiver placement in most cases and our preliminary sitings on the maps will sometime need to be revised at the time of placement.
(2) A detection line gives the time a particular fish is in the vicinity of the line.  Detection on two separate lines also yields direction and speed.  For this reason, in a number of regions  (fjords and forks in rivers) two spatially separated lines have been specified where possible.  This ensures that a fish that just enters the mouth of a coastal inlet or that makes a false start up a fork in the river can be unambiguously identified as such; the tagged animal will only be heard on one line.  In contrast, a fish moving into the region will be detected first on the outside line, then later the inner line; residence in inlets will be established because the animal will not be detected on the outer line; length of residence will be established if the animal moves out over the detection lines at some later date.
[image: image19.wmf]The general siting location for proposed acoustic detection lines is shown in Figs. 17-19; detailed maps showing the proposed sites are provided in Appendix 4.  The siting of these lines have been chosen to permit tracking of smolts down the Columbia and Snake Rivers to the ocean, returning adult chinook back up the river, and to monitor the ocean movements of these fish plus coastal coho stocks.  Above Bonneville Dam we propose to deploy acoustic receivers at a total of 8 freshwater locations (Fig. 17). In assessing these locations we have used the most conservative test results we obtained, and assumed a 350 m detection radius for the acoustic receivers (circles).  As the detailed maps show (below and in Appendix 4), one or at most two receivers should be sufficient to monitor the width of the river for tagged fish. Smolts tagged at the two proposed upriver hatchery locations will pass over either ten (Snake River) or nine (Upper Columbia) monitoring lines on the migration to the ocean.  This will provide biological data on the relative movement and survival of tagged smolts from these two stock groupings during their downstream migration for comparison with conventionally tagged smolts, and information on rates of non-detection by the monitoring lines.
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The mouth of the Columbia River will have four lines put in place by Prof Carl Schreck under Army Corps of Engineer funding (Fig. 18) to track steelhead below Bonneville, so we have not attempted to duplicate them.  We have an agreement to work collaboratively (Appendix 1), so we will be able to track our tagged smolts downriver to the mouth of the estuary.
In the ocean, we have selected sites for the detection lines that are well north and south of the Columbia River plume, in order to unambiguously track smolts that have left the plume environment.  These lines have in most cases been extended to the 100m depth contour, so should cover the majority of the observed cross-shelf distribution of chinook.  Four lines have been selected to the south to identify southwards movement (1-4), with one detection line placed at Cape Blanco (2), a major faunal divide, and one line placed south of there (1).  

To the north of the Columbia River, 3 lines (5-7) are proposed along the Washington coast and one complete line across the Strait of Juan de Fuca (8; to establish if tagged smolts move into the Puget Sound-Strait of Georgia area).  Along the west coast of Vancouver Island we propose a series of partial cross-shelf lines and detection points for major fjord systems (9-20).   A few array elements are proposed for monitoring movements of Columbia River chinook up Johnstone Strait (21-23).  We propose excluding the central coast region of British Columbia for simplicity because of the low abundance of chinook observed to date here.   In SE Alaska a series of listening lines within the inside waters should allow detection of acoustically tagged juvenile salmon moving into residence within the inland waterways (24-30), while three partial listening lines (28, 31-32) on the open shelf should allow tracking of tagged smolts that move along the shelf.  Two of these lines (31-32) have been placed to the north of Cross Sound-Icy Strait, which marks the northernmost terminus of the inland waterways of SE Alaska.  These lines have been placed in this location to identify tagged chinook moving farther north along the shelf and beyond the proposed study area.  We view this location as important because it will provide some sense of whether or not the study area we have outlined can be treated as containing a closed population, or whether the results need to be viewed as primarily providing information on the life history of some specific stocks of chinook for only a more limited period of their life history.
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Section IV.  The Pilot Study Using the Array
Our specific intent here is to outline one project focussed on tracking the movements of two key Columbia River chinook stocks, to examine their ocean distribution and feeding grounds, and to provide critical information needed to assess the practical feasibility of the array concept as a widely useful tool.  Because chinook remain close to shore and concentrated in the inlets from British Columbia to SE Alaska by autumn, the pilot array can be put in place using truncated acoustic detection lines, and not extend them out to the shelf break.  Although a perfect census of migrating animals dictates full detection lines (especially if a between-stock comparison of ocean survival was intended), most of the critical goals of the pilot study can be achieved with more limited detection lines. 

Chinook salmon smolts leaving upriver hatcheries have very different survivals (SARs) below Bonneville dam (e.g. Schaller et al 1999).  These differences have been ascribed to delayed mortality caused by added stress from passage through the Snake River hydrosystem or to transport.  An alternative hypothesis is that Snake River chinook have genetically determined marine migration pathways which takes them to ocean feeding grounds which are intrinsically less favourable to survival than the areas used by upriver Columbia chinook stocks which have higher SARs (e.g. Hanford Reach, Yakima).   As stream-type (spring/summer) and ocean-type (fall) chinook have also been suggested to have different marine distributions, with stream-type chinook having an open-ocean (i.e. off-shelf) distribution and ocean-type chinook a more restricted coastal distribution (Healey 1983, 1991; Healey and Groot 1987), differences in marine distribution could also play a role in explaining the differences in population status of spring-summer run chinook and fall chinook.  

Hypothesis to be Tested

Our pilot study will test Schaller et al’s assumption that Snake River and upper Columbia stream-type chinook have similar distributions and movement patterns in the ocean.  We will also provide similar information for ocean-type chinook, and contrast the marine distribution of stream (spring/summer) and ocean (fall) type chinook.  The specific test of Schaller et al’s null hypothesis of common exposure to ocean conditions will be to examine whether upriver Columbia and Snake River chinook stocks move at similar rates and to the same areas of the ocean.  As large regional differences are seen in ocean conditions affecting salmon growth and survival between SE Alaska and southern British Columbia, the alternative hypothesis to be examined is that those stocks with poorest SARs will be found preferentially distributed in the areas of poor ocean conditions.

In-River Tagging


Juvenile spring chinook (stream-type) smolts will be PIT-tagged and implanted with acoustic tags at up-river hatcheries representative of Snake and upper Columbia River chinook using our previously established surgical protocols.  These have high success for smolts >12 cm, which are available at these hatcheries.  Chinook from the Dworshak hatchery are derived from Rapid River stock, a major tributary of the Snake River.  Leavenworth (Icicle Creek hatchery) stream-type chinook are an upper Columbia hatchery stock that may be used as representative of up-river Columbia chinook (however, their genetic affinity with the mid-Columbia Carson stock that was widely out-planted in the upper Columbia basin still needs to be clarified).  If an upper Columbia hatchery stock representative of wild stocks with high adult return rates cannot be identified, we may choose to tag wild upper Columbia smolts.  At the time of writing this proposal we have not been able to fully answer this question, but will ensure that the comparison using hatchery stocks will be representative of the original salmon populations in these two regions.


From discussions with hatchery managers we do not anticipate difficulty in obtaining sufficient stream-type smolts from hatcheries for our tagging purposes.  To provide a contrasting pair of ocean-type stocks we have tentatively identified the Priest Rapids and Lyons Ferry fall chinook hatcheries as source stocks, but are unlikely to be able to obtain sufficiently large smolts for the study to begin at the hatcheries.  Therefore, we are proposing to divert PIT-tagged fall chinook smolts at the McNary or Bonneville dam facilities, and tag the smolts after their size has increased.


Net in-river survival from the Dworshak hatchery release site to Bonneville dam is expected to be ca. 50% for Spring-Summer chinook smolts (survival for the eight dam hydrosystem extending from Lower Granite to Bonneville Dam has averaged 49.6%  from 1994-99 (range: 35.1-61.9%; Table 9.7-1 of the 2000 FCRPS Biological Opinion).  Survival from Bonneville to the ocean is thought to be roughly 80%.  Thus, taking the low end of the observed range of upriver survivals (35%), we propose to tag a target of 350 smolts at each of two hatchery facilities in late April-early May of the first field season (2003) to ensure a target of at least 100 acoustically tagged stream-type smolts reaching the ocean. If in-river survival in 2003 is average and tagging does not significantly reduce survival, 140 tagged smolts are anticipated to reach the estuary.  We found in our previous study that most of the mortality occurring after surgical implantation occurred within one day of surgery, so holding the smolts for 24-48 hours after implantation should minimize losses from surgery.


Most fall (ocean-type) chinook are not large enough at release from hatcheries to successfully tag with acoustic tags, and the in-river survival of these smolts through the full hydrosystem is much lower (average 15%, range 1-22%; Table 9.7-1 of the 2000 FCRPS Biological Opinion), so we propose to use the diversion facilities at McNary and Bonneville dams to collect and selectively tag PIT-tagged ocean-type chinook from up-river regions. Survival from McNary to Bonneville for fall chinook smolts has averaged 50% (2000 FCRPS Biological Opinion), so tagging half of the smolts at McNary and half at Bonneville would provide comparative data on the movements of ocean-type smolts relative to the stream-type smolts released in the spring in the mainstem Columbia upriver of Bonneville.  Assuming a lower rate of survival from Bonneville to the ocean for the smaller fall chinook of 55% (compared to 80% for Spring chinook) would yield a survival to the ocean of 145 tagged fall smolts from a proposed initial release of 350 smolts divided equally between the two dam sites.  (If all PIT-tagged fall smolts diverted for the study were tagged solely at Bonneville the estimated number surviving to the ocean would rise to 192 smolts).


Selecting previously PIT-tagged juveniles will ensure that the below-dam movements of these fish can be related to their stock of origin and provide further information that can be related to their upriver movements.  As PIT-tagged fish collected at Bonneville dam cannot be detected downstream and survival to adult return is typically only 1%, our tagging of PIT-tagged ESA listed smolts should complement and not impact other migration studies.  


The above estimates suggest that under average conditions, 140 tagged stream-type smolts from the Upper Columbia and Snake rivers will reach the ocean for tracking, and 145-190 tagged fall-type chinook will also be available.  Estimating survival in the ocean is problematic, with Columbia River SARs frequently falling below 1%, but after the first 3 months in the ocean (until the tags reach the end of their life) we guess that perhaps 20% of the smolts may still be alive (we neglect tag shedding, since our measured shedding rate of ~15% is negligible when compared to the other sources of uncertainty).  This suggests that perhaps 30 fish of each initially tagged group would still be alive in August.  However, by supplementing the study by tagging large juvenile salmon at sea near the end of the expected lifetime of the initial tags (see below), we anticipate being able to track the movements of large numbers of juvenile chinook into the fall and through the winter.  With a large proportion of the overall mortality already completed, relatively high numbers of animals tagged with long-lived (1.5-3 yr) acoustic tags could therefore be followed.  In the second and third year of the study we anticipate increasing the number of tags released from freshwater sites once the in-river and ocean detection rates can be assessed, and the rate that acoustic receivers are lost has been evaluated.  For animals tagged with multi-year lifespan tags there should be a cumulative increase in the pool of tagged animals over time.

Methods


Juvenile chinook will be surgically implanted with VEMCO V8SC acoustic tags (22mm x 9 mm diameter; 2 gms in water) using the protocol previously developed and tested as part of the currently funded NWPPC Innovative Proposal to Kintama Research.  (Briefly, the proposed method is surgical insertion into the body cavity using clove oil as anaesthetic and 2-3 separated stitches using 4-0 PDS*II polydioxanone resorbable suture material and a FS-2 cutting needle to suture the incision).  These long lived (4.5 mo) V8SC tags are slightly larger than the radio tags already in use in Columbia River radio tagging studies (e.g. Skalski et al 2001; 18.9mm x 8.2 mm diameter, 1.4 gms in water, with a 40 cm long antenna).  We will restrict the acoustic tagging to smolts >12 cm FL to ensure high rates of long-term survival and tag retention.


We will use the time prior to the spring 2003 field season to ensure that all permit applications are complete for in-river and coastal tagging of salmon.  We have been in contact with hatcheries on the Columbia and Snake rivers, and they indicate that they would be supportive of a formal proposal to tag their fish with this number of acoustic tags.  As part of the work proposed here, if approved, we will submit a proposal outlining our requests to the FPAC and Mid-Columbia Coordinate Committee for their formal review, and anticipate that we will be able to obtain their permission for freshwater tagging of their smolts. If only hatchery fish are used, a separate ESA Section 10 Permit will not be required.  If wild fish are also tagged, a Section 10 Permit will also be required from NMFS. Applications must also be made for coastal tagging permits to state authorities in Oregon, Washington, and Alaska plus federal authorities in Canada for ocean tagging within three nautical miles of land, and federal authorities for US waters beyond 3 miles. 

Coastal Tagging


Acoustic tags appropriate for implanting in smolts within the river have a design lifetime of ca. 4.5 months.   This will allow tracking the movements of stream-type smolts tagged in-river out into the ocean until approximately early to mid-September, well after they have left the river, and (for the majority) probably well after they have left the estuary.  In order to follow the long-term movements beyond the river, and supplement the population of tagged Columbia River chinook, we propose to use chartered seine vessels to collect and tag juvenile salmon along the coast in three areas: in the waters off Washington-Oregon (including the Columbia river plume), off the west coast of Vancouver Island, and in SE Alaska.  


By mid-August juvenile coho & stream-type chinook are large enough ((17 cms) to be tagged with larger acoustic tags that have a design lifespan of about 15 months, which would allow tracking individual salmon until October-November of the following year, allowing tracking of the coho and four-year old chinook returning to spawn.  We would propose a target number of 200 chinook and coho to be tagged in each of the three regions, with the majority of the tags to be applied to chinook of all age classes, and the tags applied to coho only when chinook numbers are insufficient in a given area. Loss of tagged animals should be highest for animals in their first year of ocean life, but should probably provide acceptable numbers for tracking, since natural mortality of sockeye salmon in their 2nd-ocean year (similar in size to first ocean year chinook and coho) is thought to be on the order of M~-0.2 yr-1 (Ricker 1962).


Clipping and retaining the adipose fin of the ocean-tagged chinook in alcohol for DNA analysis would provide probable stock of origin for successfully tracked chinook at relatively low cost per fish (~$50), and collection of a scale sample would provide some information on the life history of the tagged animals.  Simultaneous tagging of the chinook with a PIT tag would allow detection of any chinook that returned up the Columbia as adults after the acoustic tags had expired.  As the acoustic tags remain visible in the body cavity, a label on the implanted tag would direct sport or commercial fishermen finding a tag to contact a toll free number to report the printed serial number for the tag.


We propose repeating the smolt tagging in-river each spring and juvenile tagging along the coast in August of each year 2003 through to 2005, with tagging to occur off a chartered seine vessel that can also retrieve the data from the array.  Tagging in multiple years will also allow us to examine between-year variability and to increase sample sizes.  


We anticipate that once preliminary problems have been identified and worked out in the initial year that additional projects will be developed collaboratively and coordinated to ensure that each project’s use of the array does not interfere with other studies.  We expect that it will also be possible to use a longer-lived (multiple year) tag for use in larger chinook and have entered into discussions with Vemco on extending the length of the current 9 mm diameter tag to accommodate a doubled-battery pack.  Alternatively, for large chinook a 16 mm diameter tag with higher acoustic detection range (probably on the order of 1,000m) could be employed, but we have not yet examined the issue of a minimum size for tagging chinook (or coho) with a larger tag.  

Array Deployment


At the time of writing this proposal, we cannot finalize the deployment methodology.  We have been working to develop our preferred deployment methodology for the acoustic receivers, which involves leaving the receivers on the seabed in multi-year deployments using lithium batteries and an acoustic modem to telemeter the data to a surface ship (cabling to land or satellite communications are both infeasible).  

Following discussions facilitated by Kintama Research between Vemco and a US manufacturer of a new line of acoustic modems, Vemco has decided to place this option as a priority (see letter of 3 December 2001, Appendix 2), and we anticipate that this hybrid technology may be field tested and validated by the time of deployment in the spring of 2003.  In the event that this is not possible because of technical problems, we have also had discussions with a manufacturer of a low-cost line of acoustic releases, Sub Sea Sonics, which we have used in some of our ocean tests of the Vemco equipment (Appendix 3).  Sub Sea Sonics has agreed to manufacture for our company a modified version of their release (which currently only works in seawater), which will perform identically in both freshwater and saltwater environments.  Our company already has a preliminary design for efficiently coupling the Sub Sea Sonics acoustic release between the bottom weight and the surface float.  In the event that Vemco’s progress in developing a hybrid VR-2 receiver and acoustic modem falls behind, we intend to use the currently available VR-2 receiver with the Sub Sea Sonics acoustic release.  

In either case, we are anticipating a cost for the electronics per array node of $5K(US).  In the ocean, we plan on connecting shorter lines of about 4 acoustic receivers by a groundline secured by anchors and a SubSea Sonics acoustic release at three points (both ends and near the center). Because the handling time in sighting and retrieving subsurface floats is often substantial in the ocean, it is more cost-efficient to use the chartered vessel’s fishing gear to “work” the groundline and retrieve multiple nearby acoustic receivers this way.  We anticipate physically linking the hybrid modem-VR2 units in a similar way during the early stages of the research to facilitate recovery of the data if the modem fails.  Although battery drain needs to be determined for the hybrid units, we expect that multi-year lifespans should be readily attainable.  For units in high current situations (Johnstone Strait and some inlets), receivers will be individually deployed and data will need to be retrieved near slack water. We have experience using both the groundline technique for linked receivers and deployment of individual receivers in high current areas in a Census of Marine Life pilot study conducted in the spring of 2000, and recovered all equipment.

The specific approach used to place the receivers and recover the data is therefore dependent on technical developments over the next 1.5 years.  Assuming that the technology necessary for remote telemetry of the data is not yet fully developed and field tested, the key aspects of the acoustic receiver deployment we will use will build on our experience running acoustic detection lines under a Census of Marine Life funded project.  The key aspects of this technology will be:

(1) All elements of the array will be placed subsurface using pressure resistant floats and relatively low cost acoustic releases.  Where possible, receivers will be suspended slightly off bottom because acoustic detection distances will be improved over what was reported in the previous section, where the receivers were placed on the bottom.  The degree to which receivers can be elevated off the bottom depends on local conditions; positioning the receiver well off the bottom is only reasonable in regions where trawlers or tow lines on ocean barges are not a threat and tidal currents are not extreme.  This is a site-specific judgement.

(2) Deployment of these receivers will follow the procedures we have developed for use in the ocean.  We will use pressure-resistant floatation spheres for positive buoyancy at the top of each mooring, with an approx. 200-lb concrete weight at the bottom and associated anchor and chain to prevent dragging.  To minimize galvanic corrosion (which is not a significant problem in freshwater but is in the ocean), all critical structural elements of the array will be synthetic.  Mooring lines in low current situations will be 3/8” or ½” polysteel (an all-synthetic line) and will use nylon thimbles.   In areas of high tidal currents we will use Spectra© or Kevlar© mooring line, probably in either 3/16” or ¼” diameter, to minimize drag and keep the array as upright as possible while reducing wear on bearing surfaces.

(3) The deployment will place the flotation spheres well below the surface, so that the entire array is not visible.  Target depth needs to be determined by an examination of local bathymetry, which we have found from experience is often poorly represented by available bathymetric charts.  In regions where expected fisheries impacts are minimal the Vemco acoustic receiver will be attached to a vertical line either ca. 4 m below the flotation (so that the flotation does not create a significant sound shadow occluding the detection of the tags) or on a configuration which has the receiver’s hydrophone standing above the flotation, which will be secured around the base of the receiver, and moored just above the bottom weight and anchor.  Both deployment configurations will give good results, but the configuration with the flotation and receiver packaged together at the top of the mooring requires more careful rigging and handling time when changing receivers.  As a result, we will suspend the receiver below the flotation wherever bottom depths allow the receiver to be placed at least 10 m below the water’s surface, while still allowing the floats to remain well submerged, so that they remain invisible and below the depth where they can be affected by large vessels (~6m).  Shaped cones will be placed around the mooring line on the underside of the receivers and flotation, so that any vertical elements of the mooring that are fouled with fishing gear will present a smooth surface that will minimize snags.  

(4) Although diving to retrieve the sunken tracking elements is an option in the river given the accuracy of GPS, it requires meeting commercial diving regulations for both Washington and Oregon States, and is not feasible for general use in the ocean.  As a result, we have spent considerable time working on two options for recovering the data from the deployed receivers.  Our preferred option is to leave the receivers in the ocean (or river) and not physically move them.  Instead we will use an acoustic modem to control the receiver from an overhead boat and telemeter the data off each array element in turn during a series of visits.  We have carefully investigated this option and evaluated acoustic modems available from several companies.  As indicated above, we have requested that Vemco incorporate an acoustic modem into their VR-2 acoustic receivers, and they are actively working on this development.  

(5) We anticipate retrieving and downloading movement information from the river receivers initially at 1-month intervals and then leaving the equipment in place overwinter to minimize the logistics of storage.  We expect to visit the ocean detection lines every three months using a chartered seine vessel and conduct the ocean tagging at the same time.

c. Rationale and significance to Regional Programs
In 1996, Congress directed that the effect of ocean conditions on the recovery of Pacific salmon in the Columbia River should be addressed (Bisbal and McConnaha 1998).  Partly in response to that directive, a number of ocean-related initiatives began in the Pacific Northwest (see “Linkages”). To date, these have been relatively small-scale, addressing questions concerning the growth and feeding status of salmon within the Columbia River plume or coastal Oregon and Washington waters over limited time periods, and defining the oceanographic conditions of these regions.  Broader ocean work has not developed (See review by Brodeur et al 2000).  Furthermore, all of the ocean studies conducted to date are subject to the criticism that it is uncertain what fraction of the animals within a given study area are local residents, and thus exposed to locally measured environmental conditions, or are members of transient populations that move over broad areas. 

It has been difficult to address these questions because a practical technical method that will allow counting the proportion of salmon that reach the sea, and to follow their movements at sea, has been unavailable. The 2000 Biological Opinion has emphasized this point, calling for work to “…investigate state-of-the-art, novel fish detection and tagging techniques for use, if warranted, in long-term research, monitoring and evaluation efforts” (Action Item 193), and “…investigate and partition the causes of mortality below Bonneville Dam after juvenile salmonid passage through the FCRPS”(Action Item 195).  Without an ability to track and count the number of young salmon leaving large rivers for the sea it has not been possible to reliably measure whether events in freshwater or the ocean are more important for determining salmon returns.  This inability has also, in part, lead to conjectures that events occurring in freshwater are responsible for subsequent salmon survival in the ocean.  The delayed mortality hypothesis is one prominent example.  

We believe that our proposed acoustic tracking network provides a method of broad application for addressing such questions in the Columbia, as well as elsewhere.
Current ocean studies in the United States and Canada provide: 

(1) evidence for rapid changes in ocean conditions over time (“regime shifts”) that affect juvenile salmon and 
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evidence for geographic differences in potential survival for salmon present in different regions of the coast.  As a result, salmon migrating to the southern coastal region of British Columbia and remaining in long-term residence there would have had much higher ocean mortality than stocks migrating to northern British Columbia or SE Alaska coastal waters.  


Based on CWT returns from coastal fisheries, Hanford Reach chinook are known to have their center of geographic distribution off SE Alaska and Snake River chinook have their coastal distribution off the west coast of Vancouver Island (Fig. 20).  These results are based on the distribution of CWT catches for chinook in their second and later years of life in the ocean.  Their distribution as juveniles is not known.  If the juvenile distribution in the ocean is similar to that at older ages, then the role of the hydrosystem in determining salmon survival and recovery probabilities may be substantially less important than thought by Schaller et al (1999).  


Snake River hatchery fish derived from an ancestral wild stock would likely share common migration behaviours with the wild stock of origin, and this should be conservative and different from that of the upper Columbia hatchery & wild chinook.  Recent fieldwork indicates that by the fall chinook are concentrated in sheltered inside waters and not broadly distributed along the coast.  


If ocean feeding grounds for specific stocks of chinook are geographically restricted (such as to a single fjord), then increased hatchery production could have serious consequences because substantial inter-specific competition could develop within a very restricted geographic area.  (See also Levin et al 2001).  The hypothesis of genetically conserved ocean migration behaviours may also explain the frequent observation that certain hatcheries within the Columbia River basin have substantially lower SARs than others– the SARs may have less to do with poor hatchery practice, and more to do with the genetics of a particular strain selected as seed stock for the hatchery, and where the migration pathway takes those fish. 

The biological information that such an array can generate will be completely new and of use, irrespective of the detection and tracking efficiency of the listening lines.  Parallel to these important initiatives, we anticipate that the array will be of use in developing estimates of survival in sections of the freshwater hydrosystem; however, measurements on detection performance of live fish will be required in order to assess whether this is a practical subsidiary goal for the acoustic array.  We propose to address that as part of this proposal.

Our goal of developing an acoustic tracking array is to develop a complementary network to the extensive radio-tracking network already existing in the Columbia River, not a replacement technology.  Because of acoustic interference from powerhouses on dams and high noise environments in fish raceways, the acoustic technology proposed here will not work efficiently close to dams (within several hundred meters).  In addition, because the tags are programmed to transmit their serial number every minute or so, salmon moving rapidly through the enclosed environments of raceways will likely move out of range of the acoustic receivers before transmitting their ID codes.  Shortening the transmission interval rapidly increases the probability of the signals from multiple tags colliding, reducing the efficiency of detection on the rest of the array.  This is undesirable.

As the detection distance for a tagged fish is typically around 500m, this means that fine-scale movements within a roughly 1 km diameter circle cannot be established with any certainty.  Apart from a very rough measure of proximity to the receiver based on the length of time that a tag is detected and the number of detections recorded within that interval, the acoustic technology being proposed here will provide little additional information.  This limitation is a strength, however, when tracking over hundreds or thousands of kilometers because a detection range on the order of one kilometer is appropriate for locating a tagged fish relative to the geographic scale of the West Coast.  Fine-scale movement of acoustically tagged fish using the technology we propose is impractical.  

However, because receiver placement can be adjusted to suit local environments, it should be possible to design the proposed acoustic array to work seamlessly between freshwater and marine environments, including the estuary, where radio tracking is not possible.  This will allow broad-scale measurements of the movement of tagged fish.  We are confident that the prototype array we have described can be used to follow essentially the complete movements of upriver chinook.  If the concept is proven, it will be possible to simultaneously provide important information on the life history of most other Columbia River anadromous fish as well at modest added cost (coho, steelhead, sturgeon, lamprey, eulachon, and shad).  


Once put in place and the concept validated, the initial detection lines can be extended fully across the shelf to provide complete tracking on the shelf.  We anticipate that it will be possible to bring in additional users of the array, thereby limiting the cost to BPA of supporting the coastal array while expanding its geographic scope.
d. Relationships to other projects 
At present, ocean fieldwork on Columbia River salmon is being carried out by NMFS researchers (“Ocean survival of salmonids relative to migrational timing, fish health, and oceanographic conditions”), and the Department of Fisheries and Oceans (“Canada-USA Shelf Salmon Survival Study”).  Both projects collect Columbia River salmon and measure local environmental conditions in the ocean.  The current proposal could substantially strengthen the scientific understanding of how specific stocks of salmon move through these study areas.  In addition, Corps of Engineers support to Dr Carl Schreck (“Evaluation of delayed mortality of juvenile salmonids in the near ocean environment following passage through the Columbia River hydrosystem”), has provided funding for a small-scale study on steelhead using Vemco acoustic equipment at the mouth of the estuary.  We have an agreement to collaborate with Dr Schreck to avoid redundant work in this area (Appendix 1).  Funding under the Alfred P. Sloan Foundation’s Census of Marine Life project POST to one of the PIs (Welch) through the Vancouver Aquarium and Marine Science Society has also been used to develop and successfully run a small-scale ocean study on steelhead at the northern tip of Vancouver Island in 2001.  This project will be repeated and expanded in the second and final year of the POST project, summer 2002.

e. Project history (for ongoing projects) 

This proposal builds on the results of a proposal funded by the NWPPC’s Innovative Proposal Category, “A Feasibility Study for Pacific Ocean Salmon Tracking (POST)”, Project ID 22001, BPA contract # 0003839 for $228,600.  The POST project was funded in March 2001 in order to make the measurements necessary to design an acoustic tracking network using newly available electronic technology, and to assess the capability of young salmon to successfully retain these relatively large tags.  

(c) One primary paper has been submitted from this work, Welch et al (Submitted).  The results from the field measurements collected to date constitute the technical basis for characterizing the acoustic equipment from Vemco and the justification for moving onto the proposed work outlined in this document.

(d) The Innovative Proposal project “POST” has been underway for 9 months.

(e) Most milestones in project “POST” have been completed.  A set of measurements specific to the Columbia River estuary have not yet been undertaken (similar measurements have been done for the Fraser river as a preliminary trial, and are reported here), and one long-term (mid-winter) set of measurements off the west coast of Vancouver Island will be conducted as well.  A final workshop reporting on the results of the research for the Columbia River fisheries community will be scheduled for the spring.  We anticipate completing all aspects of the existing project within budget.

f. Proposal objectives, tasks and methods
1. Deploy Acoustic array

a. Develop finalized acoustic receiver design with Vemco

At the time of writing this proposal, we cannot finalize the deployment methodology.  We have been working to develop our preferred deployment methodology for the acoustic receivers, which involves leaving the receivers on the seabed in multi-year deployments using lithium batteries and an acoustic modem to telemeter the data to a surface ship (cabling to land or satellite communications are both infeasible).  Each receiver would be deployed as a stand-alone unit.

Following discussions facilitated by Kintama Research between Vemco and a US manufacturer of a new line of acoustic modems, Vemco has decided to place this option as a priority (see letter of 3 December 2001, Appendix 2), and we anticipate that this hybrid technology may be field tested and validated by the time of deployment in the spring of 2003.  In the event that this is not possible because of technical problems, we have also had discussions with a manufacturer of a low-cost line of acoustic releases, Sub Sea Sonics, which we have used in some of our ocean tests of the Vemco equipment (Appendix 3).  Sub Sea Sonics has agreed to manufacture for our company a modified version of their release (which currently only works in seawater), which will perform identically in both freshwater and saltwater environments.  Our company already has a preliminary design for efficiently coupling the Sub Sea Sonics acoustic release between the bottom weight and the surface float.  In the event that Vemco’s progress in developing a hybrid VR-2 receiver and acoustic modem falls behind, we intend to use the currently available VR-2 receiver with the Sub Sea Sonics acoustic release.  

b. Order equipment required to build acoustic tracking array (estimated at $5K per acoustic node); pre-position delivery of heavy equipment near vessel's home ports (see (e), below)

As described in the previous task, equipment to be ordered will either consist of discrete receiver nodes or the current version of the VR-2 receiver. In the latter case sufficient rope to construct each acoustic line, anchors and the Sub Sea Sonics acoustic releases will also be ordered. In both cases, equipment will be ordered, checked and prepared for deployment and then transported via truck to three locations near the deploying vessel’s berths. 

c. Labour & travel by PI to evaluate seine boats for use in deploying array & tagging salmon and finalize charters with vessel owners (Oregon, British Columbia, & SE Alaska)

Once potentially suitable vessels have been located for each of the three regions, the PI will visit each vessel to review vessel qualification and discuss the logistics and timing of deployment with the vessel’s Master. Winches and vessel layout need to be evaluated so that loading of equipment and subsequent deployment can be as straightforward as possible.  This needs to be done by late fall, 2002, as contracts need to be put in place ensuring vessel availability at specific times the following year, so that work can be scheduled in an efficient manner. 

d. Survey acoustic receiver locations in river; make initial deployments and assess tag detection probability for the specific deployment. Travel to Columbia River and deploy 8 acoustic lines in March-April.

The eight Columbia and Snake River acoustic lines will be put in place in March/April 2003, before any of the smolt tagging begins. The locations detailed in Appendix 4 will be surveyed first to determine final positioning of the receivers to maximise the likelihood of detecting tagged fish. Bottom topography, and proximity to marinas and dams will be factors in the decision. Deployment will be simpler than in the ocean, and all receivers will be stand-alone (see detailed methodology in the ocean deployment section for particulars).

e. Use purse seiners to deploy acoustic array in ocean, working from south to north (April-early May). Survey acoustic receiver locations in ocean; make initial deployments and assess tag detection probability at different points along some detection lines to determine likely detection efficiency.

Logistics permitting, ocean acoustic lines will be deployed from south to north so that those lines closest to the mouth of the Columbia River are in place first. At each of each the proposed sites (Appendix 4) a survey of sea bed characteristics needs to be evaluated, as existing hydrographic charts are insufficiently detailed. If a reliable hybrid acoustic receiver with built-in modem is unavailable from Vemco by Spring 2003, we plan on connecting shorter lines of about 4-5 acoustic receivers by a groundline secured by anchors and a SubSea Sonics acoustic release at three points (both ends and near the center). Because the time spent in sighting and retrieving subsurface floats after release is often substantial in the ocean, it is more cost-efficient to use the chartered vessel’s fishing gear to “work” the groundline and retrieve multiple nearby acoustic receivers this way.  Sequential chains of receivers will not be connected to minimize the risk of losing entire lines.  We anticipate physically linking some of the hybrid modem-VR2 units in a similar way during the early stages of the research to facilitate recovery of the data if the modem fails.  Although battery drain needs to be determined for the hybrid units, we expect that multi-year lifespans should be readily attainable.  For units in high current situations (Johnstone Strait and some inlets), receivers will be individually deployed and data will need to be retrieved near slack water. We have experience using both the groundline technique for linked receivers and deployment of individual receivers in high current areas in a Census of Marine Life pilot study conducted in the spring of 2000, and recovered all equipment.

The specific approach used to place the receivers and recover the data are therefore dependent on technical developments over the next 1.5 years.  Assuming that the technology necessary for remote telemetry of the data is not yet fully developed and field tested, the key aspects of the acoustic receiver deployment we will use will build on our experience running acoustic detection lines under the Census of Marine Life funded project.  The key aspects of this technology will be:

(1) All elements of the array will be placed subsurface using pressure resistant floats and relatively low cost acoustic releases.  Where possible, receivers will be suspended slightly off bottom because acoustic detection distances will be improved over what was reported in the previous section, where the receivers were placed on the bottom.  The degree to which receivers can be elevated off the bottom depends on local conditions; positioning the receiver well off the bottom is only reasonable in regions where trawlers or tow lines on ocean barges are not a threat and tidal currents are not extreme.  This is a site-specific judgement.

(2) Deployment of these receivers will follow the procedures we have already developed for use in the ocean.  We will use pressure-resistant floatation spheres for positive buoyancy at the top of each mooring, with an approx. 200-lb weight at the bottom plus associated anchor and chain to prevent dragging.  To minimize galvanic corrosion (which is not a significant problem in freshwater but is in the ocean), all critical structural elements of the array will be synthetic.  Where used, vertical mooring lines in low current situations will be 3/8” or ½” polysteel (an all-synthetic line) and will use nylon thimbles.   In areas of high tidal currents we will use Spectra© or Kevlar© mooring line, probably in either ¼” diameter, to minimize drag and keep the array as upright as possible while reducing wear on bearing surfaces.

(3) The deployment will place the flotation spheres well below the surface, so that the entire array is not visible.  Target depth needs to be determined by a close examination of local bathymetry.  This is often poorly represented by bathymetric charts.  In regions where expected fisheries impacts are minimal (esp. freshwater) the Vemco acoustic receiver will be attached to a vertical line either ca. 4 m below the flotation (so that the flotation does not create a significant sound shadow occluding the detection of the tags) or on a configuration which has the receiver’s hydrophone standing above the flotation, which will be secured around the base of the receiver, and moored just above the bottom weight and anchor.  Both deployment configurations will give good results, but the configuration with the flotation and receiver packaged together at the top of the mooring requires more careful rigging and handling time when changing receivers.  As a result, we will suspend the receiver below the flotation wherever bottom depths allow the receiver to be placed at least 10 m below the water’s surface, while still allowing the floats to remain well submerged, so that they remain invisible and below the depth where they can be affected by large vessels (~6m).  Shaped cones will be placed around the mooring line on the underside of the receivers and flotation, so that any vertical elements of the mooring that are fouled with fishing gear will present a smooth surface that will minimize snags.  

2. Tag salmon for use in demonstration project
a. Secure necessary permits for river and ocean tagging (NEPA/ESA permits and State/Provincial permissions)

We have been in contact with hatcheries on the Columbia and Snake rivers, and they indicate that they would be supportive of a formal proposal to tag their fish with this number of acoustic tags.  As part of the work proposed here, if approved, we will submit a proposal outlining our requests to the FPAC and Mid-Columbia Co-ordinating Committee for their formal review (Autumn 2002), and anticipate that we will be able to obtain their permission for freshwater tagging of their smolts. If only hatchery fish are used, a separate ESA Section 10 Permit will not be required.  If wild fish are also tagged, a Section 10 Permit will also be required from NMFS. Applications must also be made for coastal tagging permits to state authorities in Oregon, Washington, and Alaska plus federal authorities in Canada for ocean tagging within three nautical miles of land, and federal authorities for US waters beyond 3 miles. This will be repeated as necessary prior to work in years 2 and 3.

b. Co-ordinate with hatcheries and dam managers in preparation for tagging work.

Upon receiving project approval we will begin discussions with the identified hatcheries and dams to prepare for the tagging work. Number of fish likely to be available (target number is 350 at each hatchery in year 1, rising to 700 in years 2 and 3) and the time at which the smolts reach about 13cms FL will be discussed. We will also discuss procedures for diverting sufficient fall-type smolts at McNary and Bonneville Dams, and schedule time to use their facilities.

c. Order equipment necessary for river and ocean tagging (3x350=1,050 V8SC acoustic tags for river work, 600 tags for ocean work plus PIT tags); sutures, surgical kits, Oxygen, holding tanks, plus ancillary consumables.

Upon receiving project approval we will order 1650 acoustic tags (1050 22mm and 600 extended lifespan (30 or 43 mm) tags) for delivery by late April.  The frequency that the system will be designed in consultation with Vemco and Dr Schreck to ensure that potential interference from unco-ordinated studies cannot disrupt the integrity of the results.  Tags will be ordered again in years 2 and 3, although we expect to tag twice as many fish in these years.

Two surgical kits will be organised and built, including surgery table and surgery rack (with attached oxygen supply). Kits will contain surgical instruments, sutures, anaesthetic, buckets, nets, and PIT-tag reader.

d. Tag 700 spring-type chinook smolts at 2 upriver hatcheries in April-early May

We have already developed a successful smolt surgery protocol (briefly described below) which has yielded good results. A two-person team will be used and we predict that about 60 fish can be surgically implanted per day, 

· Clove oil used as an anaesthetic. Cut 50:50 with alcohol to aid dispersion, and added to anaesthetising bucket to achieve a concentration of about 40 ppm clove oil.

· Transfer 1 fish to anaesthetising bucket (smolts tended to be sufficiently anaesthetised after about 2 minutes). Meantime record PIT tag and Acoustic tag ID codes and disinfect tags.
· Measure and record fork length. 

· Inject PIT tag

· Transfer to surgery tray where we can ensure that gills remain submerged in oxygenated water (we have found that bubbling oxygen into water during surgery probably contributed to increased surgical survival and rapid recovery).

· Make an incision about 12-14 mm long along the ventral mid-line just anterior to the pelvic fins, insert the end of the acoustic tag and rotate it forwards, and slide it fully inside the gut cavity.  Use the point of the scalpel blade to then slide the posterior end of the tag back towards the pelvic fins and past the incision so that either end of the tag is supported by undamaged tissue.  Suture the wound shut with 2- 3 separated sutures; we prefer to use dyed-purple polydioxanone resorbable monofilament and a curved, cutting FS-1 needle. Snip excess suture material after knotting with a surgeon’s knot. Transfer fish to recovery tank. (surgery should take about 2 minutes per fish).  

· Note  - to minimise shock to smolts, anaesthetising water, water in surgical rack and recovery tank water should all be as close as possible to the temperature of the water the smolts were removed from prior to surgery. The anaesthetising water will be replaced after about 15 to 20 fish have been processed and the surgical rack water replaced every 2-3 fish. Surgical gloves will be worn to minimise infection and handling of fish will be kept to a minimum.  Fish will be held for 24 hours after surgery for observation before release, and acoustic tags will be recovered from fish that appear to be in poor condition.  This protocol will be repeated in years 2 and 3, and the number of smolts tagged will be increased to 700 per hatchery.

e. Tag 350 fall-type chinook smolts at Bonneville & McNary Dams in mid-summer

We are proposing to divert PIT-tagged fall chinook smolts at the McNary or Bonneville dam facilities.  Surgical procedures will be carried out as above, except PIT tags will already be present in the fish at capture. The PIT tag number will be recorded to cross reference the fish with the acoustic tag and potentially identify its return as an adult. This will be repeated in years 2 and 3, with the number of tagged smolts increased to 700.

f. Tag 600 juvenile chinook & coho in 3 ocean areas (Oregon-Washington; west coast of Vancouver Island; SE Alaska) in August-September.

The seine vessel’s fishing gear will be used to collect and tag large smolts at sea in the three study areas, concentrating preferentially on chinook.  Surgical protocols will be as defined above, and an inflatable holding tank will be built to allow the tagged salmon to allow their recovery to be assessed before their release. A PIT tag detector will be used to check for existing PIT tags and, if absent, a PIT tag will be implanted before release (to allow potential detection of up-river bound mature adults returning to the Columbia; The PIT tag also provides a common key for entry of the data into the Fish Passage Center’s database).  Length will be measured (nearest mm) and a scale sample will be collected from each fish and retained for potential scale analysis to give life history information. The adipose fin will be clipped and retained in 95% ethanol alcohol for DNA analysis to establish origin of fish.  DNA and scale analysis will only be carried out on those animals which are subsequently tracked by the array. This will be repeated in years 2 and 3 with 400 fish tagged in each area.

Between now and the start of the project we will have established the optimum size juvenile for implanting the larger, longer-lived tag as part of an ongoing project.

3. Recover fish detection data from acoustic array
a. Recover data from in-river receivers once per month (May-August)

Although diving to retrieve the sunken tracking elements is an option in the river given the accuracy of GPS, it requires meeting commercial diving regulations for both Washington and Oregon States, and is infeasible for general use in the ocean.  As a result, we have spent considerable time working on two options for recovering the data from the deployed receivers.  Our preferred option is to leave the receivers in place and not physically move them.  Instead we will use an acoustic modem to interrogate the receiver from an overhead boat and telemeter the data off each array element in turn during a series of visits.  We have carefully investigated this option and evaluated acoustic modems available from several companies.  As indicated above, we have requested that Vemco incorporate an acoustic modem into their VR-2 acoustic receivers using a specific modem manufacturer, and they are actively working on this development.  

In the event that the acoustic modem has not been incorporated into the receiver nodes by the time the project starts then the moored receivers will be recovered, data downloaded on board the vessel, the receivers re-batteried and then redeployed. We have used this methodology in a Census of Marine Life funded project.  We anticipate retrieving and downloading movement information from the river receivers initially at 1-month intervals and then leaving the equipment in place overwinter to minimize the logistics of storage.  

b. Recover data from ocean receivers, evaluate receiver performance & replace lost equipment

As described in the previous task, our preferred option is to telemeter the data by up to an overhead vessel; however, if this is not possible then the same retrieval process will be carried out for each ocean line. Any lost receivers will be replaced. We expect to visit the ocean detection lines every three months (twice in year 1 in June/July and September, subsequent years will be around March, June & September) using a chartered seine vessel and to conduct the ocean tagging at the same time (in years 1 to 3).

4. Evaluate in-river detection data
a. Assess fraction of tagged smolts detected on each acoustic line; develop statistics on receiver performance (# of detections for each fish/receiver; frequency of non-detection on one or more lines).

The proportion of an initially tagged cohort subsequently detected after release provides an indication of cohort mortality and how it changes with time or distance.  Calculating the total number of detections that a smolt is detected at each receiver will provide practical  information on expected detection characteristics in river, estuary, and ocean, which will aid in determining array efficiency.  Frequency of non-detection will be established by calculating the probability of non-detection on one line but subsequent detection further downstream.  This will provide data necessary for establishing probable rates of “false negatives”; tagged individuals who are still alive and retain their tags and move over the array but are never detected.  Both sets of data will be statistically treated as observations drawn from binomial sampling distributions, and sampling theory appropriate for binomially distributed variables will be used in deriving likelihood calculations, if appropriate.

b. Assess rate of movement downstream for each smolt; develop stock-specific measures of movement & compare between stocks.

Rates of movement will be established by dividing distance covered by the elapsed time.  By calculating stock-specific averages and variances it will be possible to contrast the movement patterns of different stocks and compare these with published rates derived from PIT tag studies.

c. Establish rate of tag loss with distance downriver to estuary.

These estimated rates (representing combined mortality and tag shedding) will be calculated with reference to expected rates of non-detection from (a), above.

d. Establish residence time in estuary

The estuary is considered an important biological area.  We will assess this by establishing the time that animals moving into this area remain before moving out, and contrast this between life-history types and stocks, and with reference to downstream rates of in-river movement for each stock.

e. Evaluate efficiency of initial design for in-river detection array.

This will be calculated primarily by assessing the proportion of tagged smolts that are expected to be missed based on partial detections of tagged smolts on some lines but not all.  This is fundamentally a likelihood-based statistic whose characteristics need to be developed with reference to the actual data.  Its solution will provide insight on how the array might be reconfigured in later years to provide more robust data (e.g. increasing the number of sampling lines as opposed to increasing the number of receivers present on a single sampling line, where the sampling effort remains equal).
5. Evaluate ocean detection data
a. Assess fraction of tagged smolts detected on each acoustic line; develop statistics on receiver performance (# of detections for each fish/receiver; frequency of non-detection on one or more lines).

The basic statistical approach will be the same as outlined above in 4(a).

b. Assess direction of movement after leaving estuary for each smolt; develop stock-specific measures of movement & compare between stocks

The basic statistical approach will be the same as outlined above.  Unlike the river situation, we anticipate that some smolts may move both north and south of the plume, and some may ultimately reverse direction.  These results will be developed to contrast average stock-specific movement patterns, and to assess variability in the movement patterns of animals within the stock.  Rigorous statistical assessment of these results may be complex, and will be dependent on the characteristics of the collected data.

c. Establish rate of tag loss with time after fish leaves estuary; make statistical comparison of stock-specific estimates.

The basic statistical approach will be the same as outlined above in 4(c).

d. Evaluate efficiency of initial design for ocean detection array

The basic statistical approach will be the same as outlined above in 4(d).

6. Evaluate Schaller et al's hypothesis of common ocean distribution for upper Columbia River and Snake River salmon stocks
a. Assess stock-specific areas of ocean residence for each stock

A key assumption in Schaller et al’s (1996) hypothesis of a differential (or delayed) mortality for salmon migrating through (or transported around) the Snake River hydrosystem is that stocks with a high productivity have a common ocean distribution.  This hypothesis will be tested statistically by evaluating the areas of ocean residence for contrasting pairs of stream or ocean-type chinook of known origin.  

A complete rejection of this key assumption would occur if clear evidence was obtained that Snake River spring-summer chinook took up residence off the west coast of Vancouver island while upper Columbia spring-summer chinook took up residence in SE Alaska waters, as field studies can already demonstrate that the southern area had poor expected ocean survival conditions for salmon up until 1999, when large improvements in juvenile salmon survival appear to have occurred.  Without actually conducting the proposed study it is not possible to conjecture what the observations will yield, so detailed discussion of statistical tests will need to follow on successful data collection.
g. Facilities and equipment
Major requirements are for lease of truck and open boat for freshwater work, and the charter of commercial seine vessels for deployment of ocean array elements and ocean tagging.  (These vessels cost $2,000-$3,000 per day to charter).  Personnel will need to be housed in hotels while away from home.  In addition to the purchase of acoustic receivers and tags, 2-3 acoustic releases per detection line, and deck unit, anchors, thimbles, shackles, deep water floats, and synthetic rope.  We are budgeting $5K per acoustic receiver because of the uncertainty which deployment technology will be most appropriate in FY 2003. Low-cost laptop computers will be used for data downloading from the VR-2s and CTD in the field ($1.8K).  Significant time needs to be identified for senior staff to evaluate the results from the first year’s fieldwork as it develops, and assess whether modifications to the initial work specifications need to be made.
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5 December 2001

Re: Collaborative research

Dear David,

This letter is to confirm my interest in collaborating with you in your project to develop an acoustic array for the West Coast of North America.  As we have discussed, I will be running seven or so lines of acoustic receivers in the lower Columbia River for accounting for juvenile steelhead; in addition, we will be doing some manual tracking of fish by boat.  

I would be pleased to collaborate with you to ensure that we select acoustic tag codes for our two studies so that each tagged animal can be assured of receiving a unique identification number. I will also be pleased to provide any data on your fish that are collected by my lower river receivers.  I understand that you will also provide to me reciprocal information on any of our study fish that are detected by your equipment.

I will also be interested in comparing information on your methods for deploying the equipment in areas of high traffic or significant fishing effort.  As you know, we have extensive experience ascertaining habitat use by anadromous salmonids in the Columbia estuary out to the ocean, and we have also performed considerable testing of gear efficiency and deployment under various riverine and oceanographic conditions extant in the Columbia and other systems.  We’ve also considered maintenance of such systems over extended periods of time.  We would be pleased to make these data or observations available to you as well.  It makes good sense for us to exchange information to optimise both of our efficiencies.

Good luck with your proposal.

Best Regards,

Carl

Carl B. Schreck, Unit Leader and Professor
Oregon Cooperative Fish and Wildlife Research Unit
104 Nash Hall
Oregon State University
Corvallis, OR 97331-3803
541, 737-1961
FAX: 541, 737-3590
Carl.Schreck@orst.edu
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Monday, December 03, 2001

Re: Acoustic telemetering VR2 receiver.

Dear David,

This letter is to confirm VEMCO’s interest in collaborating with you to develop an acoustic array for the West Coast of North America, and my company’s intention to work to develop the additional technology necessary for a long-term array in the Columbia River and west coast continental shelf.

We have been working on a version of our VR2 receiver which will communicate using acoustic telemetry.  Although we have been manufacturers of acoustic telemetry modems in the past we have decided to incorporate new, fast, low power acoustic modems manufactured by a leading company in the field. We have now worked out a preliminary agreement and specifications for a modem which will be fully integrated within our receiver. It will be capable of two way communication between a surface vessel and subsurface receivers. The system is designed for multiple year deployments depending on the battery capacity used.

As you have emphasized, this should allow efficient retrieval of fish detection data from a surface vessel while avoiding the need to retrieve the equipment from the sea floor or river bed. We are in agreement with you that this approach is likely to be the most cost-efficient and reliable method for maintaining a long-term tracking array in areas where surface floats are not practical.

We expect to be conducting communications tests in the summer of 2002 with commercial quantities of receivers available for spring of 2003. The target price for the communicating receivers is less than US$5000 each in quantities that you anticipate requiring.

Good luck in your proposal.

Best Regards,

Fred Voegeli

President, VEMCO Limited.

Appendix 3.  Letter of support from SubSea Sonics Ltd.

Sub Sea Sonics                                  December 3,2001

5485 55th Street, #21A

San Diego, CA  92115-1240                    Phone 619-286-7546

Dr. David Welch, President

Kintama Research Corporation

321-2815 Departure Bay Rd

Nanaimo, B.C.

V9S 5P6

Dear Dr. Welch:

This letter is to confirm Sub Sea Sonics’ interest in collaborating with you to develop an acoustic array for the West Coast of North America, and my company’s wish to supply part of the technology necessary for placing a long-term array in the Columbia River and continental shelf off the west coast.

Our company’s "burn-wire" technology has provided a low-cost method for operating acoustic releases in salt-water environments but will not work in low salinity environments. At your request, we have examined the issue of modifying our commercially available AR-60 acoustic release for use in freshwater environments as well as the ocean. I am writing to confirm that my company is willing to develop a modified version based on a motor-driven release. This will allow you to use a surface deck unit with common interface commands in both freshwater and marine environments, simplifying the training of field crews. Sub Sea Sonics will build this all-purpose version of the AR-60 release for deployment in the freshwater part of your research program by February 2003 for a price of $1870.00 (US) per unit, if Kintama Research is willing to commit to a minimum purchase of 30 units of the modified units.  This price assumes that a purchase order with at least half payment is received at least 6 months before the February 2003 delivery date.  The long 6 months lead time is to permit a thorough checkout of the motor driven variation to the basic release.  Apart from the replacement of the corrosive wire release unit by the motor-driven release unit, the other aspects of our existing AR-60 will remain unchanged. Specifically, you will be able to execute all standard commands from the deck unit to locate the unit on the sea or river bed, interrogate the status of the battery and system board, verify the unit’s receipt of a command to operate the release, and be able to measure range to the release by activating the unit’s transponder function. 

Thank you for your interest in our products, and for your earlier comments on our technology. Please contact me if you require further information.

Sincerely,

David A. Brem, Owner

Sub Sea Sonics
Appendix 4.  Close up layouts for proposed acoustic detection lines, showing estimated detection radius for proposed acoustic receivers and positions.  

Note to reader:  Because of the size of these figures, they have been submitted to BPA as a separate file, “Kintama Appendix.doc”

Fig. 1.  Comparison of average marine survival (±2 SE) of coho based on CWT data for 6 stocks of southern BC coho and 5 stocks of SE Alaska coho. Marine survival of the southern group dropped by nearly a factor of 10 (from ~15% to ~ 2%) while northern coho survival remained stable.  





Fig 2. Typical experimental set-up, as carried out in the Columbia River (upstream of McNary dam). 
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Fig. 6.  Comparison of steelhead survival and tag retention to 7 months post-implantation.  PIT-tagged controls (not shown) had essentially 100% survival and tag retention.





Fig. 7.  Comparison of steelhead growth for two sequential periods post-implantation.  Growth of the implanted smolts was not significantly different from the PIT tagged smolts in Period 2.  





Fig. 8.  Tag shedding over time.  Tag losses have been binned into consecutive two week periods.  Median time to loss was 7.9 wks, average time 9.8 wks.  A total of 13 tags were shed from a starting population of  90 implanted smolts.
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Fig. 9.  Catch locations for juvenile Pacific salmon (all species combined).  (A) Catch locations off BC and SE Alaska in autumn.  (B) West of Kodiak Ilsand south of the Alaskan Peninsula in November-December.  Red circles indicate locations where 1-hr surface trawls caught juveniles; an “x” indicates no catch.  Circle size is proportional to size of catch.  In all regions juvenile salmon were caught strictly on the continental shelf, limiting the area where their movements need to be monitored.  The shelf break is indicated by a dotted line.  Many sampling locations are overplotted.  
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Fig. 10.  Release (squares) and recovery (circles) locations for tagged juveniles.  Many of these animals traveled continuously at 1-2 BL/sec to reach the recapture points, and thus moved very rapidly out of the estuary or coastal zone around their rivers of origin.





Fig. 11.  Frequency distribution of observed swimming speeds for tagged juvenile chinook and coho caught along the shelf (mostly hatchery releases).  Speed has been expressed in body lengths per second (BL/sec), calculated by dividing the minimum feasible path length from release to recovery sites by the size of the juvenile (average of size at release and recovery).  This value was then divided by the elapsed time.  The most rapidly migrating chinook observed in the summer were all PIT-tagged smolts from the Snake River.





Fig. 12.  Autumn distribution of juvenile chinook and coho (red and blue circles, respectively). Areas 


of zero catch are represented by an X.  Chinook are strongly oriented to the near-shore region of the shelf, and especially the sheltered waters of fjords (BC) and inland waterways (SE Alaska).
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Fig. 13.  Depth distribution of chinook and coho. Chinook are strongly oriented to the near-shore region of the shelf.





Fig. 14.  Comparison of changes in overwinter distribution of chinook (left) and coho (right).  Substantial differences are evident. Coho completely disappeared from the central and northern study region by March while chinook moved out of the inlets onto near-shore areas of the open shelf.  Note the strong association of chinook with sheltered inside waters in autumn.  Circle size indicates relative size of catch; crosses indicate areas of zero catch.





Fig. 15.  Migration path of juvenile Pacific salmon.  All species (excluding steelhead) were found to remain strictly over the continental shelf (depths<200m, shown in light blue).  The only juveniles we have found off the shelf were at the far end of the Alaskan Peninsula on Dec 7th, at the start of the Aleutian Islands.





Fig.16.  Schematic design of the acoustic array.  Given the detection range, r, at which an acoustically tagged animal can be identified it is possible to determine the spatial separation, D, for the receivers to ensure that an animal crossing the array has a high probability of being detected.  For a salmon smolt travelling at 15 cm/sec, assuming that the minimum chord length is L=100m and r=500m results in the animal travelling within the detection zone for a minimum of 11 minutes.  When travelling directly over a centerpoint, the animal would remain within the detection zone for nearly two hours.





Fig 17. The proposed receiver locations, and an enlargement of one location (FW3), showing that 2 receivers, with a detection radius of 350m each will cover the width of the river








Fig. 18 Location of the four acoustic receiver arrays planned for 2001 by Schreck, with (B) a detail of the array at the mouth of the river in the near-shore ocean.  The number of receivers and the river mile are indicated near array locations (block lines in Figure A).  (Figure courtesy Dr Carl Schreck; see Schreck and Stahl (2000) for details).





Fig 19. The proposed ocean elements of the array, a total of 32 listening lines from Oregon to SE Alaska.  Shelf listening lines are drawn out to the 200m isobath for visibility, but the pilot array design was calculated assuming that these listening lines would only be extended to the 100m isobath.





Fig. 20.  Relative marine distribution of CWT returns for two key Columbia River chinook stocks. Although some overlap between Hanford and Snake River chinook is evident, the centers of marine distribution are very different, and place the Snake River stock in the region of poor ocean growth & survival conditions in the south.





VEMCO Limited, 100 Osprey Drive, Shad Bay, Nova Scotia, Canada, B3T 2C1


Tel: 902-852-3047   Fax:  902-852-4000   E.Mail:  fred@ vemco.com
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record

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Date		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes				Reason for death		Date of death

		1		7F7F451224		P		2/19/01		5 MINS 30						28.9		13.5		DROPPED ON FLOOR

		2		7F7E313933		A		2/19/01		6-7 MINS		11.34		11.37		48.3		16						not obvious		23/02

		3		7F7E462C12		P		2/19/01								26.6		13.9

		4		7F7D300639		A		2/19/01				11.57		12.01		32		14.4		DID NOT COME ROUND				post op		19/02

		5		7F7F002D4B		P		2/19/01								42.5		15.8

		6		7F7E2C0F01		A		2/19/01				12.14		12.17		40.8		15.4

		7		7F7F141319		P		2/19/01								19.5		11.8

		8		7F7D1D644F		A		2/19/01				12.22		12.26		32.2		14.1

		9		7F7D172F19		P		2/19/01								24.5		13		DROPPED ON FLOOR

		10		7F7E473D20		A		2/19/01				12.33		12.36		51.5		16.6

		11		7F7E1D6C0C		P		2/19/01		2 MINS 30						39.1		14.9		STARTED STORE BOUGHT CLOVE OIL

		12		7F7E320702		A		2/19/01				13.53		13.56		49.6		16.5

		13		7F7F3F3708		P		2/19/01								30.8		14

		14		7F7E22623A		A		2/19/01				14.02		14.05		25.8		13.4		Tag found on April 6th

		15		7F7F140055		P		2/19/01								29.2		14.2

		16		7F7F3C4417		A		2/19/01				14.07		14.1		26.6		13.4

		17		7F7E346E07		P		2/19/01								29.6		13.7

		18		7F7E462831		A		2/19/01				14.13		14.15		34.3		14.5

		19		7F7E2C0F65		P		2/19/01								43.2		15.3

		20		7F7E474266		A		2/19/01				14.2		14.22		59.3		17.3

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		21		7F7E470642		P		2/19/01								50.8		16.4

		22		7F7F072844		A		2/19/01				14.26		14.29		23.4		12.8		SHORT SUTURE LENGTH. DID NOT COME ROUND				post op		19/02

		23		7F7F14124F		P		2/19/01								18.1		11.6

		24		7F7D172A77		A		2/19/01				14.37		14.38		27.5		14.1		DID NOT COME ROUND				post op		19/02

		25		7F7E6D145C		P		2/19/01								23.8		12.6

		26		7F7E2B3463		A		2/19/01				14.44		14.55		18.8		12		DID NOT COME ROUND				post op		19/02

		27		7F7E462544		P		2/19/01								23.2		12.6

		28		7F7E463866		A		2/19/01				14.53		14.55		18.8		12		DID NOT COME ROUND				post op		19/02

		29		7F7E2B3977		P		2/19/01								45.4		16

		30		7F7E353325		A		2/19/01				15		15.03		24.7		13

		31		7F7E463C11		P		2/19/01								22		12.6		DID NOT COME ROUND (PIT-Tagged)				post op		19/02

		32		7F7E463A46		A		2/19/01				15.06		15.08		44.2		16.1

		33		7F7F110707		P		2/19/01								27.8		13.5

		34		7F7F10496C		A		2/19/01				15.11				18.5		11.9		FAT PROTRUDING. DID NOT COME ROUND				post op		19/02

		35		7F7E47032E		P		2/19/01								29		13.8

		36		7F7E342F6D		A		2/19/01				15.16		15.18		42.1		15.5

		37		7F7F3F3D1F		P		2/19/01								40.6		15.5

		38		7F7E33310F		A		2/19/01				15.29				30.7		13.6		SWITCHED TO OLD CLOVE OIL FROM HERE ON. DIED BETWEEN 16.00 AND FOLLOWING MORNING				probably post op		20/02

		39		7F7E467E3E		P		2/19/01								37.7		15.2

		40		7F7E47321E		A		2/19/01				15.36		15.38		49.6		16.6		LOW ANAESTHETIC

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		41		7F7E2E5E02		P		2/19/01								25.8		13.1

		42		7F7E6B38DD		A		2/19/01				15.48		15.5		38.2		15		SIGNIFICANT BLEEDING

		43		7F7E461D00		P		2/19/01								28.6		13.8

		44		7F7E355F67		A		2/19/01				15.51		15.54		41.1		15.6		LAST ONE ON DAY 1. (19/02/2001)

		45		7F7E2E494C		P		2/20/01								25.8		13

		46		7F7F3B6D0E		A		2/20/01				9.31.40		9.44.15		38.8		15.4

		47		7F7E350E37		P		2/20/01								42		15.6

		48		7F7E463126		A		2/20/01				9.48.15				30		13.8		COMMENCED USING O2 FROM HERE. FAT PROTRUDING.

		49		7F7E31232E		P		2/20/01								37.9		15

		50		7F7E2C4779		A		2/20/01				9.54.15		9.55.15		26		13.5		SIGNIFICANT BLEEDING				sutures burst		23/02

		51		7F7F071525		P		2/20/01								32.8		14.3

		52		7F7E2E052C		A		2/20/01				10.02.20		10.04.20		24.6		13.3

		53		7F7F0F2336		P		2/20/01								33.7		14.4

		54		7F7E35264C		A		2/20/01				11.39.05		11.40.40		37.6		15

		55		7F7E1D6B56		P		2/20/01								30.4		13.8

		56		7F7E12275A		A		2/20/01				11.44.20		11.46.35		22.8		13.1

		57		7F7E203D3C		P		2/20/01								41.2		15.8

		58		7F7E461D50		A		2/20/01				11.51.45		11.54.15		28.9		13.9

		59		7F7E6B3655		P		2/20/01								42.8		16.1

		60		7F7F141732		A		2/20/01				11.57.35		11.59.20		30.8		14.1

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		61		7F7E471228		P		2/20/01								51.7		16.8

		62		7F7F3C2F42		A		2/20/01				11.02.25		11.04.10		38.1		15.2		FAT PROTRUDING.

		63		7F7E361A62		P		2/20/01								28.2		13.5

		64		7F7E463B7E		A		2/20/01				11.08.15		11.10.20		25.9		13.3

		65		7F7E2E136F		P		2/20/01								30.9		14.2		INCISION MADE, RATHER THAN INJECTOR

		66		7F7F45DE5F		A		2/20/01				11.13.45		11.15.15		33.4		14.5

		67		7F7F3C3505		P		2/20/01								28.9		13.9

		68		7F7E462C59		A		2/20/01				11.18.40		11.19.25		33.7		14.7

		69		7F7F071239		P		2/20/01								38.6		15

		70		7F7E463C50		A		2/20/01				11.35.30		11.37.45		52		16.9		FISH JUMPED FROM SURGERY SLOT

		71		7F7E352E71		P		2/20/01								38.6		15.2

		72		7F7D1A4854		A		2/20/01				11.40.05		11.43.15		23.1		12.9

		73		7F7E472050		P		2/20/01								37.7		15.5

		74		7F7E387D01		A		2/20/01								15.7		11.4		PHOTOGRAPHED DURING SURGERY. FAT PROTRUDING				sutures ripped open		23/02

		75		7F7E31370D		P		2/20/01								28.9		13.5

		76		7F7D31733A		A		2/20/01				11.54.07		11.57.15		23.9		13.1

		77		7F7F072823		P		2/20/01								15.8		11.5

		78		7F7D1B7021		A		2/20/01				11.59.55		12.02.15		21		12.4		FAT PROTRUDING

		79		7F7E353762		P		2/20/01								40.9		15.8

		80		7F7E226165		A		2/20/01				12.04.10		12.8.10		18.1		11.9						pyloric caeca sl. Prot.		21/02

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		81		7F7D1D4637		P		2/20/01								36.5		15.2

		82		7F7F071010		A		2/20/01				12.13.40				29.5		13.8

		83		7F7E46385E		P		2/20/01								51.4		16.8

		84		7F7E695718		A		2/20/01				12.20.10		12.22.00		38.2		15.5

		85		7F7E464129		P		2/20/01								39.3		15.7

		86		7F7E2E705D		A		2/20/01				12.25.30		12.27.30		17.9		11.9		PYLORIC CAECA PROTRUDING				sutures ripped open		21/02

		87		7F7E1E4F15		P		2/20/01								31.9		14.5

		88		7F7E461F2C		A		2/20/01				12.31.25		12.33.10		24.9		13.5		SOME BLEEDING

		89		7F7E464B18		P		2/20/01								38.1		15

		90		7F7E463A6F		A		2/20/01				12.36.40				19.9		12.1		FISH LIGHTLY ANAESTHETISED. WOUND GAPING				forward suture burst		23/02

		91		7F7F05494D		P		2/20/01								40		15.3

		92		7F7E2B2624		A		2/20/01				12.43.40				22.9		12.5

		93		7F7F104B28		P		2/20/01								34.4		14.4

		94		7F7E473A35		A		2/20/01				12.49.50		12.51.05		20.4		12.1

		95		7F7F07144E		P		2/20/01								22.6		12.6

		96		7F7D172522		A		2/20/01				12.55.45		12.57.15		37.1		14.9

		97		7F7E1D763B		P		2/20/01								15.1		10.9

		98		7F7F071509		A		2/20/01				13.01.30		13.05.15		14.3		10.8		PROBABLY TOO SMALL. INTERNALS PROTRUDING				sutures ripped open		21/02

		99		7F7F105A0E		P		2/20/01								17.8		11.8

		100		7F7F141174		A		2/20/01				13.08.05		13.09.20		46.4		16.1

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		101		7F7D173C50		P		2/20/01								35.2		14.8

		102		7F7F3C3E4C		A		2/20/01				13.21.30		13.24.00		28.2		13.5

		103		7F7F3C4360		P		2/20/01								35.3		14.8

		104		7F7E471621		A		2/20/01				13.30.45				28		13.8

		105		7F7F071D51		P		2/20/01								34.6		14.7

		106		7F7E583A7A		A		2/20/01				13.36.40				41.2		15.3

		107		7F7D17397A		P		2/20/01								23.6		13

		108		7F7D17162A		A		2/20/01				13.41.05		13.43.05		39.2		15.5		LAST ONE ON DAY 2 (20/02/2001)

		109		7F7F450507		P		2/24/01								31.4		14.5		FIRST ONE ON DAY 3 (24/02/2001)

		110		7F7E463B30		A		2/24/01				10.32.00		10.33.55		26.7		13.5

		111		7F7F110E20		A		2/24/01				5 MINS				36.2		15.1		BLACK SUTURES

		112		7F7E31290C		A		2/24/01				45.1				24.3		12.9

		113		7F7E2B2F5F		P		2/24/01								24.6		12.9

		114		7F7E463D27		A		2/24/01				53.5		55.1		18.4		11.9

		115		7F7F3F4F3F		P		2/24/01								35.8		14.9

		116		7F7E25775F		A		2/24/01				59.45		11.01.40		18.7		11.9

		117		7F7E462378		P		2/24/01								27.4		13.2

		118		7F7E35D3D?		A		2/24/01				6		8.2		28.8		14.1		SIGNIFICANT BLEEDING

		119		7F7E47285D		P		2/24/01								45.1		16

		120		7F7D170E26		A		2/24/01				12.3		15.45		35		14.7		SIGNIFICANT BLEEDING. 3 SUTURES. FAT PROTRUDING

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		121		7F7D172E2C		P		2/24/01								34.5		14.5

		122		7F7D176425		A		2/24/01				11.18.35		11.22.00		26.8		13.5

		123		7F7E387D38		P		2/24/01								52.1		16.6

		124		7F7E1F253F		A		2/24/01				26.15		28		24.1		13.2

		125		7F7E313D32		P		2/24/01								32.4		14.3

		126		7F7E180063		A		2/24/01				32.3		34		21.1		12.6

		127		7F7E0D4968		P		2/24/01								15.1		11.5

		128		7F7F072E08		A		2/24/01				40.4				18.6		12.2		3 SUTURES. FAT PROTRUDING

		129		7F7E2E4003		P		2/24/01								18.3		11.9

		130		7F7E471771		A		2/24/01				45.2		47.2		23.8		13.1		3 SUTURES.

		131		7F7F054834		A		2/24/01				51.25		54.3		17.3		11.8		3 SUTURES.

		132		7F7E354552		A		2/24/01				55.35		59.3		19.7		12.4		MESSY! PYLORIC CAECA PROTRUDING.

		133		7F7F07155C		A		2/24/01				12.00.55		12.03.30		21.4		12.3		3 SUTURES.

		134		7F7F3C296D		A		2/24/01				5.5		10.3		23.4		13.1		4 SUTURES. PYLORIC CAECA PROTRUDING

		135		7F7E2E6104		A		2/24/01				11.31		14.1		23.5		12.8		FAT FISH

		136		7F7E355019		P		2/24/01								22.8		12.8

		137		7F7F3C3B0C		A		2/24/01				12.49.45		52.45		20.6		12.2

		138		7F7E463A60		P		2/24/01								22.9		12.4

		139		7F7E463C16		A		2/24/01								17.6		12		3 SUTURES

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		140		7F7E2B2D3B		P		2/24/01								34.6		14.7

		141		7F7E2D2D75		A		2/24/01				13.03.35		5		38		15.2		3 SUTURES. SLIGHT BLEEDING

		142		7F7F072000		P		2/24/01								23.1		13.2

		143		7F7F066763		A		2/24/01								47.5		16.5		EXTRA SUTURE

		144		7F7E473C4D		P		2/24/01								30.1		14.3

		145		7F7E355751		A		2/24/01				15.55		17.3		36.7		14.9

		146		7F7E2D5D57		P		2/24/01								33.9		14.7

		147		7F7E2D0C7D		A		2/24/01				23.07		26.3		42.6		15.6		3 SUTURES

		148		7F7F140B5D		P		2/24/01								40		15.2

		149		7F7F3C3513		A		2/24/01				29.3		31.1		35.8		14.9

		150		7F7F141339		P		2/24/01								18.2		12

		151		7F7F071E20		A		2/24/01				36.45		38.1		35.1		14.8

		152		7F7E46306D		P		2/24/01								16.7		11.8

		153		7F7F140D77		A		2/24/01				41.1				33.3		14.7

		154		7F7D1D5314		P		2/24/01								11		10

		155		7F7F065021		A		2/24/01				47.4		49.25		57.4		17.7

		156		7F7E2B377B		P		2/24/01								15		11.1

		157		7F7E6D014A		A		2/24/01				57.15				22.9		12.6

		158		7F7E2C056E		P		2/24/01								11.9		10.1

		159		7F7F141311		P		2/24/01								13.4		10.6

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		160		7F7D3F4643		P		2/24/01								16.1		11.6

		161		7F7E352347		P		2/24/01								14		11.1

		162		7F7E312A03		P		2/24/01								17.9		11.9

		163		7F7F451C57		A		2/24/01				14.10.00		12.5		37.9		15.1

		164		7F7F14017E		A		2/24/01								36.2		14.8

		165		7F7F042A04		A		2/24/01								42.2		16

		166		7F7E321353		A		2/24/01				20.5		22.3		41.4		15.6

		167		7F7D1D1546		P		2/24/01								11.2		10

		168		7F7E225C63		A		2/24/01				25.45				23		12.9

		169		7F7E311C48		P		2/24/01								16		11.2

		170		7F7E464603		A		2/24/01				30.1		32.06		33.4		14.8

		171		7F7E2D2F2F		P		2/24/01								13.9		11

		172		7F7E463650		P		2/24/01								10.7		10.1

		173		7F7E461056		P		2/24/01								14.8		11.2

		174		7F7E231F7B		A		2/24/01				38.25		39.4		31.2		14.2

		175		7F7E1E3D46		P		2/24/01								9.6		9.5

		176		7F7E2E3222		P		2/24/01								15.4		11.5

		177		7F7F140427		A		2/24/01				45.3		47.2		25.1		13.3

		178

		179

		180

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		181

		182

		183

		184

		185

		186

		187

		188

		189

		190

		191

		192

		193

		194

		195

		196

		197

		198

		199

		200

				Pit Tag No		Dummy or PIT?		Anaesthetic Time				Surgery Times				Smolt

		No.						Time In		Time Out		Start		Finish		Wt (g)		FL (cms)		Notes

		201

		202

		203

		204

		205

		206

		207



&LInvestigators:_______________________________________&RDate: _________________



Data

		

				Frequencies												Start		Start

		Size range		dummy tags (A)		PIT tags (P)						Pit Tag No		Tag Type		Wt (g)		FL (cms)		Date Died or Tag Dropped		February Comments

		9.5		0		1						7F7E313933		A		48.3		16		2/21/01		No obvious marks, but first smolt I did surgery on.

		10		0		2						7F7D300639		A		32		14.4

		10.5		0		2						7F7E2C0F01		A		40.8		15.4

		11		1		3						7F7D1D644F		A		32.2		14.1

		11.5		1		7						7F7E473D20		A		51.5		16.6

		12		9		8						7F7E320702		A		49.6		16.5

		12.5		8		1						7F7E22623A		A		25.8		13.4		4/6/01		Tag dropped

		13		8		9						7F7F3C4417		A		26.6		13.4

		13.5		15		7						7F7E462831		A		34.3		14.5

		14		5		7						7F7E474266		A		59.3		17.3

		14.5		8		10						7F7F072844		A		23.4		12.8

		15		11		10						7F7D172A77		A		27.5		14.1

		15.5		10		8						7F7E2B3463		A		18.8		12

		16		5		7						7F7E463866		A		18.8		12

		16.5		4		2						7F7E353325		A		24.7		13		4/15/01		Tag dropped

		17		3		3						7F7E463A46		A		44.2		16.1

		17.5		1		0						7F7F10496C		A		18.5		11.9

												7F7E342F6D		A		42.1		15.5

												7F7E33310F		A		30.7		13.6

		Stats:										7F7E47321E		A		49.6		16.6

		length		No		mean		st dev				7F7E6B38DD		A		38.2		15		4/4/01		Tag dropped (PIT tag code on bag was 7F7E6B382D; this is closest code to that number)

		Dummy		90		13.9822222222		1.5309230364				7F7E355F67		A		41.1		15.6

		PIT		87		13.5804597701		1.8211189431				7F7F3B6D0E		A		38.8		15.4

												7F7E463126		A		30		13.8

												7F7E2C4779		A		26		13.5

												7F7E2E052C		A		24.6		13.3

												7F7E35264C		A		37.6		15

												7F7E12275A		A		22.8		13.1

												7F7E461D50		A		28.9		13.9

												7F7F141732		A		30.8		14.1

												7F7F3C2F42		A		38.1		15.2

												7F7E463B7E		A		25.9		13.3

												7F7F45DE5F		A		33.4		14.5

												7F7E462C59		A		33.7		14.7

												7F7E463C50		A		52		16.9

												7F7D1A4854		A		23.1		12.9

												7F7E387D01		A		15.7		11.4		2/23/01		Burst both stitches- photo taken with digital camera

												7F7D31733A		A		23.9		13.1

												7F7D1B7021		A		21		12.4

												7F7E226165		A		18.1		11.9		2/21/01		Burst both stitches- photo taken with digital camera

												7F7F071010		A		29.5		13.8

												7F7E695718		A		38.2		15.5

												7F7E2E705D		A		17.9		11.9		2/21/01		Burst both stitches- photo taken with digital camera

												7F7E461F2C		A		24.9		13.5		4/23/01		Tag dropped

												7F7E463A6F		A		19.9		12.1		2/23/01		Burst both stitches- photo taken with digital camera

												7F7E2B2624		A		22.9		12.5		4/12/01		Tag dropped

												7F7E473A35		A		20.4		12.1

												7F7D172522		A		37.1		14.9		5/3/01		Tag dropped

												7F7F071509		A		14.3		10.8		2/21/01		Burst both stitches- photo taken with digital camera

												7F7F141174		A		46.4		16.1

												7F7F3C3E4C		A		28.2		13.5

												7F7E471621		A		28		13.8		5/2/01		Tag dropped

												7F7E583A7A		A		41.2		15.3

												7F7D17162A		A		39.2		15.5

												7F7E463B30		A		26.7		13.5

												7F7F110E20		A		36.2		15.1

												7F7E31290C		A		24.3		12.9

												7F7E463D27		A		18.4		11.9

												7F7E25775F		A		18.7		11.9		4/4/01		Tag dropped

												7F7E35D3D?		A		28.8		14.1

												7F7D170E26		A		35		14.7

												7F7D176425		A		26.8		13.5

												7F7E1F253F		A		24.1		13.2		4/7/01		Tag dropped

												7F7E180063		A		21.1		12.6

												7F7F072E08		A		18.6		12.2

												7F7E471771		A		23.8		13.1

												7F7F054834		A		17.3		11.8

												7F7E354552		A		19.7		12.4

												7F7F07155C		A		21.4		12.3

												7F7F3C296D		A		23.4		13.1

												7F7E2E6104		A		23.5		12.8

												7F7F3C3B0C		A		20.6		12.2

												7F7E463C16		A		17.6		12

												7F7E2D2D75		A		38		15.2

												7F7F066763		A		47.5		16.5

												7F7E355751		A		36.7		14.9

												7F7E2D0C7D		A		42.6		15.6

												7F7F3C3513		A		35.8		14.9

												7F7F071E20		A		35.1		14.8

												7F7F140D77		A		33.3		14.7

												7F7F065021		A		57.4		17.7

												7F7E6D014A		A		22.9		12.6

												7F7F451C57		A		37.9		15.1

												7F7F14017E		A		36.2		14.8

												7F7F042A04		A		42.2		16		4/4/01		Tag dropped

												7F7E321353		A		41.4		15.6

												7F7E225C63		A		23		12.9

												7F7E464603		A		33.4		14.8

												7F7E231F7B		A		31.2		14.2

												7F7F140427		A		25.1		13.3

												7F7F451224		P		28.9		13.5

												7F7E462C12		P		26.6		13.9

												7F7F002D4B		P		42.5		15.8

												7F7F141319		P		19.5		11.8

												7F7D172F19		P		24.5		13

												7F7E1D6C0C		P		39.1		14.9

												7F7F3F3708		P		30.8		14

												7F7F140055		P		29.2		14.2

												7F7E346E07		P		29.6		13.7

												7F7E2C0F65		P		43.2		15.3

												7F7E470642		P		50.8		16.4

												7F7F14124F		P		18.1		11.6

												7F7E6D145C		P		23.8		12.6

												7F7E462544		P		23.2		12.6

												7F7E2B3977		P		45.4		16

												7F7E463C11		P		22		12.6

												7F7F110707		P		27.8		13.5

												7F7E47032E		P		29		13.8

												7F7F3F3D1F		P		40.6		15.5

												7F7E467E3E		P		37.7		15.2

												7F7E2E5E02		P		25.8		13.1

												7F7E461D00		P		28.6		13.8

												7F7E2E494C		P		25.8		13

												7F7E350E37		P		42		15.6

												7F7E31232E		P		37.9		15

												7F7F071525		P		32.8		14.3

												7F7F0F2336		P		33.7		14.4

												7F7E1D6B56		P		30.4		13.8

												7F7E203D3C		P		41.2		15.8

												7F7E6B3655		P		42.8		16.1

												7F7E471228		P		51.7		16.8

												7F7E361A62		P		28.2		13.5

												7F7E2E136F		P		30.9		14.2

												7F7F3C3505		P		28.9		13.9

												7F7F071239		P		38.6		15

												7F7E352E71		P		38.6		15.2

												7F7E472050		P		37.7		15.5

												7F7E31370D		P		28.9		13.5

												7F7F072823		P		15.8		11.5

												7F7E353762		P		40.9		15.8

												7F7D1D4637		P		36.5		15.2

												7F7E46385E		P		51.4		16.8

												7F7E464129		P		39.3		15.7

												7F7E1E4F15		P		31.9		14.5

												7F7E464B18		P		38.1		15

												7F7F05494D		P		40		15.3

												7F7F104B28		P		34.4		14.4

												7F7F07144E		P		22.6		12.6

												7F7E1D763B		P		15.1		10.9

												7F7F105A0E		P		17.8		11.8

												7F7D173C50		P		35.2		14.8

												7F7F3C4360		P		35.3		14.8

												7F7F071D51		P		34.6		14.7

												7F7D17397A		P		23.6		13

												7F7F450507		P		31.4		14.5

												7F7E2B2F5F		P		24.6		12.9

												7F7F3F4F3F		P		35.8		14.9

												7F7E462378		P		27.4		13.2

												7F7E47285D		P		45.1		16

												7F7D172E2C		P		34.5		14.5

												7F7E387D38		P		52.1		16.6

												7F7E313D32		P		32.4		14.3

												7F7E0D4968		P		15.1		11.5

												7F7E2E4003		P		18.3		11.9

												7F7E355019		P		22.8		12.8

												7F7E463A60		P		22.9		12.4

												7F7E2B2D3B		P		34.6		14.7

												7F7F072000		P		23.1		13.2

												7F7E473C4D		P		30.1		14.3

												7F7E2D5D57		P		33.9		14.7

												7F7F140B5D		P		40		15.2

												7F7F141339		P		18.2		12

												7F7E46306D		P		16.7		11.8

												7F7D1D5314		P		11		10

												7F7E2B377B		P		15		11.1

												7F7E2C056E		P		11.9		10.1

												7F7F141311		P		13.4		10.6

												7F7D3F4643		P		16.1		11.6

												7F7E352347		P		14		11.1

												7F7E312A03		P		17.9		11.9

												7F7D1D1546		P		11.2		10

												7F7E311C48		P		16		11.2

												7F7E2D2F2F		P		13.9		11

												7F7E463650		P		10.7		10.1

												7F7E461056		P		14.8		11.2

												7F7E1E3D46		P		9.6		9.5

												7F7E2E3222		P		15.4		11.5

												Pit Tag No		Dummy or PIT?		Smolt

																Wt (g)		FL (cms)
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comparing growth (Logarithmic)
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comparing growth (Linear)

		Pit Tag No		Dummy or PIT?		Start						16th May				LOG10 Transformed Data

						Wt (g)		FL (cm)				Wt+Tag		FL (cm)		Wt (g)

		7F7D170E26		A		1.5440680444		1.1673173347				1.9740509028		1.2810333672		1.9675479762

		7F7D17162A		A		1.593286067		1.1903316982				1.8904210188		1.2810333672		1.882524538

		7F7D176425		A		1.428134794		1.1303337685				1.638489257		1.1875207208		1.6242820958

		7F7D1A4854		A		1.3636119799		1.1105897103				1.7958800173		1.2329961104		1.7860412102

		7F7D1B7021		A		1.3222192947		1.0934216852				1.656098202		1.1760912591		1.6424645202

		7F7D1D644F		A		1.5078558717		1.1492191127				1.6739419986		1.2121876044		1.660865478

		7F7D31733A		A		1.3783979009		1.1172712957				1.6394864893		1.1846914308		1.625312451

		7F7E180063		A		1.3242824553		1.1003705451				1.6263403674		1.1731862684		1.611723308

		7F7E225C63		A		1.361727836		1.1105897103				1.69019608		1.1903316982		1.6776069527

		7F7E231F7B		A		1.494154594		1.1522883444				1.8188854146		1.2329961104		1.8095597146

		7F7E2C0F01		A		1.6106601631		1.1875207208				1.9079485216		1.2671717284		1.9003671287

		7F7E2D0C7D		A		1.6294095991		1.1931245984				1.9216864755		1.2741578493		1.9143431571

		7F7E2D2D75		A		1.5797835966		1.1818435879				1.9206450014		1.2741578493		1.9132839018

		7F7E2E052C		A		1.3909351071		1.123851641				1.6532125138		1.1903316982		1.6394864893

		7F7E2E6104		A		1.3710678623		1.1072099696				1.6665179806		1.1846914308		1.6532125138

		7F7E31290C		A		1.3856062736		1.1105897103				1.7143297597		1.2041199827		1.7024305364

		7F7E320702		A		1.6954816765		1.2174839442				2.0457140589		1.3242824553		2.0402066276

		7F7E321353		A		1.6170003411		1.1931245984				1.8943160627		1.2671717284		1.8864907252

		7F7E342F6D		A		1.6242820958		1.1903316982				2.0618293073		1.3117538611		2.0565237241

		7F7E35264C		A		1.5751878449		1.1760912591				1.8419848046		1.278753601		1.8331471119

		7F7E355751		A		1.5646660643		1.1731862684				1.9777236053		1.285557309		1.9712758487

		7F7E355F67		A		1.6138418219		1.1931245984				1.8591382973		1.2671717284		1.8506462352

		7F7E461D50		A		1.4608978428		1.1430148003				1.9434945159		1.278753601		1.9365137425

		7F7E462831		A		1.53529412		1.1613680022				1.7979596437		1.2430380487		1.7881683711

		7F7E462C59		A		1.5276299009		1.1673173347				1.8981764835		1.2718416065		1.8904210188

		7F7E463126		A		1.4771212547		1.1398790864				1.9708116109		1.2833012287		1.9642596302

		7F7E463A46		A		1.6454222693		1.206825876				1.9604707775		1.2966651903		1.9537596917

		7F7E463B30		A		1.4265112614		1.1303337685				1.6434526765		1.1789769473		1.6294095991

		7F7E463B7E		A		1.4132997641		1.123851641				1.656098202		1.1818435879		1.6424645202

		7F7E463C50		A		1.7160033436		1.2278867046				2.0187004987		1.3222192947		2.0128372247						W		Dummy		Control		Ratio of Growth

		7F7E463D27		A		1.264817823		1.0755469614				1.4393326938		1.1139433523		1.4166405073						20		36.27		56.41		0.64

		7F7E464603		A		1.5237464668		1.1702617154				1.7701152948		1.2304489214		1.7596678447						25		48.35		68.24		0.71

		7F7E471771		A		1.3765769571		1.1172712957				1.7084209001		1.2041199827		1.6963563887						30		60.44		80.06		0.75

		7F7E47321E		A		1.6954816765		1.220108088				2.0689276117		1.3263358609		2.0637085594						35		72.52		91.89		0.79

		7F7E473A35		A		1.3096301674		1.0827853703				1.2041199827		1.0681858617		1.1643528558						40		84.61		103.72		0.82

		7F7E473D20		A		1.711807229		1.220108088				1.9781805169		1.2988530764		1.9717395909						45		96.70		115.55		0.84

		7F7E474266		A		1.7730546934		1.2380461031				2.0429690734		1.3138672204		2.0374264979						50		108.78		127.38		0.85

		7F7E583A7A		A		1.614897216		1.1846914308				1.942008053		1.2741578493		1.9350031515						55		120.87		139.21		0.87

		7F7E695718		A		1.5820633629		1.1903316982				1.9370161075		1.2810333672		1.9299295601						60		132.96		151.04		0.88

		7F7E6D014A		A		1.3598354823		1.1003705451				1.6493348587		1.1760912591		1.6354837468

		7F7F054834		A		1.2380461031		1.0718820073				1.5921767574		1.1583624921		1.5763413502

		7F7F065021		A		1.7589118924		1.2479732664				2.2100508499		1.372912003		2.2062860444

		7F7F066763		A		1.6766936096		1.2174839442				1.9405164849		1.2900346114		1.9334872878

		7F7F071010		A		1.469822016		1.1398790864				1.7589118924		1.2121876044		1.748188027

		7F7F07155C		A		1.3304137733		1.0899051114				1.525044807		1.1398790864		1.5065050324

		7F7F071E20		A		1.5453071165		1.1702617154				1.942008053		1.278753601		1.9350031515

		7F7F110E20		A		1.5587085705		1.1789769473				1.8500332577		1.2695129442		1.8413594705

		7F7F14017E		A		1.5587085705		1.1702617154				2.0629578341		1.3053513694		2.0576661039

		7F7F140427		A		1.3996737215		1.123851641				1.631443769		1.1818435879		1.6170003411

		7F7F140D77		A		1.5224442335		1.1673173347				1.8836614352		1.260071388		1.875639937

		7F7F141174		A		1.6665179806		1.206825876				2.0759117615		1.3159703455		2.0707764628

		7F7F141732		A		1.4885507165		1.1492191127				1.7810369386		1.2405492483		1.7708520116

		7F7F3B6D0E		A		1.5888317256		1.1875207208				1.976349979		1.2922560714		1.9698816437

		7F7F3C2F42		A		1.5809249757		1.1818435879				1.7817553747		1.2278867046		1.7715874809

		7F7F3C3513		A		1.5538830266		1.1731862684				1.8299466959		1.2278867046		1.8208579894

		7F7F3C3B0C		A		1.3138672204		1.0863598307				1.494154594		1.1303337685		1.4742162641

		7F7F3C4417		A		1.4248816366		1.1271047984				1.5965970956		1.1731862684		1.5809249757

		7F7F451C57		A		1.57863921		1.1789769473				1.8739015979		1.2552725051		1.8656960599

		7F7F45DE5F		A		1.5237464668		1.1613680022				1.8965262175		1.264817823		1.8887409607

		7F7D172E2C		P		1.5378190951		1.1613680022				1.9479236198		1.2695129442		1.9410142437

		7F7D172F19		P		1.3891660844		1.1139433523				1.8898617213		1.2741578493		1.8819549713

		7F7D17397A		P		1.372912003		1.1139433523				1.7701152948		1.2405492483		1.7596678447

		7F7D173C50		P		1.5465426635		1.1702617154				1.9138138524		1.2922560714		1.9063350418

		7F7D1D1546		P		1.0492180227		1				1.5211380837		1.1303337685		1.50242712

		7F7D1D4637		P		1.5622928645		1.1818435879				2.1740598077		1.3541084391		2.169968174

		7F7D1D5314		P		1.0413926852		1				1.4785664956		1.1271047984		1.4578818967

		7F7D3F4643		P		1.206825876		1.0644579892				1.8088858674		1.2355284469		1.7993405495

		7F7E0D4968		P		1.1789769473		1.0606978404				1.6493348587		1.1760912591		1.6354837468

		7F7E1D6B56		P		1.4828735836		1.1398790864				1.8998205024		1.264817823		1.8920946027

		7F7E1D6C0C		P		1.5921767574		1.1731862684				2.0115704436		1.2922560714		2.0056094454

		7F7E1D763B		P		1.1789769473		1.0374264979				1.5854607295		1.1643528558		1.5693739096

		7F7E1E3D46		P		0.982271233		0.9777236053				1.3692158574		1.096910013		1.3424226808

		7F7E1E4F15		P		1.5037906831		1.1613680022				1.9675479762		1.3074960379		1.9609461957

		7F7E203D3C		P		1.614897216		1.198657087				2.0161973535		1.3263358609		2.0102999566

		7F7E2B2D3B		P		1.5390760988		1.1673173347				1.8331471119		1.2671717284		1.8241258339

		7F7E2B2F5F		P		1.3909351071		1.1105897103				1.7339992865		1.2278867046		1.7226339225

		7F7E2B377B		P		1.1760912591		1.0453229788				1.4983105538		1.1522883444		1.4785664956

		7F7E2B3977		P		1.6570558529		1.2041199827				1.9576072871		1.2878017299		1.9508514589

		7F7E2C056E		P		1.0755469614		1.0043213738				1.5365584426		1.1430148003		1.5185139399

		7F7E2C0F65		P		1.6354837468		1.1846914308				1.9604707775		1.2988530764		1.9537596917

		7F7E2D2F2F		P		1.1430148003		1.0413926852				1.5171958979		1.1461280357		1.4983105538

		7F7E2D5D57		P		1.5301996982		1.1673173347				1.9100905456		1.2695129442		1.9025467793

		7F7E2E136F		P		1.4899584794		1.1522883444				1.9571281977		1.2810333672		1.9503648544

		7F7E2E3222		P		1.1875207208		1.0606978404				1.6344772702		1.1846914308		1.620136055

		7F7E2E4003		P		1.2624510897		1.0755469614				1.7649229846		1.2304489214		1.7543483357

		7F7E2E494C		P		1.411619706		1.1139433523				1.7395723445		1.2304489214		1.728353782

		7F7E2E5E02		P		1.411619706		1.1172712957				1.9294189257		1.278753601		1.9222062774

		7F7E311C48		P		1.2041199827		1.0492180227				1.7209857442		1.2095150145		1.709269961

		7F7E31232E		P		1.57863921		1.1760912591				2.1044871113		1.3344537512		2.0996806411

		7F7E312A03		P		1.252853031		1.0755469614				1.7930916002		1.2380461031		1.7831886911

		7F7E31370D		P		1.4608978428		1.1303337685				1.8662873391		1.2576785749		1.8579352647

		7F7E313D32		P		1.5105450102		1.1553360375				1.9777236053		1.2944662262		1.9712758487

		7F7E346E07		P		1.4712917111		1.1367205672				1.882524538		1.2552725051		1.8744818177

		7F7E350E37		P		1.6232492904		1.1931245984				2.0228406109		1.3117538611		2.0170333393

		7F7E352347		P		1.1461280357		1.0453229788				1.5078558717		1.1461280357		1.4885507165

		7F7E352E71		P		1.5865873047		1.1818435879				2.126780577		1.3384564936		2.1222158783

		7F7E353762		P		1.611723308		1.198657087				2.0591846176		1.3222192947		2.0538464269

		7F7E361A62		P		1.4502491083		1.1303337685				1.9319661147		1.278753601		1.9247959958

		7F7E387D38		P		1.7168377233		1.220108088				2.0030294706		1.3031960574		1.9969492485

		7F7E461056		P		1.1702617154		1.0492180227				1.6294095991		1.1846914308		1.614897216

		7F7E461D00		P		1.4563660331		1.1398790864				1.7923916895		1.2576785749		1.7824726242

		7F7E462378		P		1.4377505628		1.1205739312				1.8744818177		1.2552725051		1.8662873391

		7F7E462544		P		1.3654879849		1.1003705451				1.8475726591		1.2504200023		1.8388490907

		7F7E462C12		P		1.4248816366		1.1430148003				1.9661417327		1.2944662262		1.959518377

		7F7E46306D		P		1.2227164711		1.0718820073				1.6627578317		1.198657087		1.6493348587

		7F7E463650		P		1.0293837777		1.0043213738				1.3541084391		1.1003705451		1.3263358609

		7F7E46385E		P		1.710963119		1.2253092817				2.2185355052		1.3654879849		2.214843848

		7F7E463A60		P		1.3598354823		1.0934216852				1.8007170783		1.2253092817		1.7909884751

		7F7E464129		P		1.5943925504		1.1958996524				1.9912260757		1.3117538611		1.9849771264

		7F7E464B18		P		1.5809249757		1.1760912591				1.9014583214		1.2741578493		1.8937617621

		7F7E467E3E		P		1.5763413502		1.1818435879				1.8549130223		1.2764618042		1.8463371121

		7F7E47032E		P		1.4623979979		1.1398790864				1.9849771264		1.2922560714		1.9786369484

		7F7E470642		P		1.7058637123		1.214843848				2.1115985249		1.3304137733		2.1068705445

		7F7E472050		P		1.5763413502		1.1903316982				1.9722028384		1.3222192947		1.9656719712

		7F7E47285D		P		1.6541765419		1.2041199827				1.9283958523		1.2810333672		1.9211660506

		7F7E473C4D		P		1.4785664956		1.1553360375				1.7993405495		1.260071388		1.7895807122

		7F7E6B3655		P		1.631443769		1.206825876				1.9991305413		1.3138672204		1.9929950984

		7F7E6D145C		P		1.3765769571		1.1003705451				1.7250945211		1.2121876044		1.7134905431

		7F7F002D4B		P		1.6283889301		1.198657087				2.096910013		1.3283796034		2.0920184708

		7F7F05494D		P		1.6020599913		1.1846914308				1.9222062774		1.278753601		1.9148718175

		7F7F071239		P		1.5865873047		1.1760912591				2.0492180227		1.3096301674		2.043755127

		7F7F07144E		P		1.3541084391		1.1003705451				1.7307822757		1.2253092817		1.719331287

		7F7F071525		P		1.5158738437		1.1553360375				1.9745116927		1.2922560714		1.968015714

		7F7F071D51		P		1.5390760988		1.1673173347				2.0090257421		1.3010299957		2.0030294706

		7F7F072000		P		1.3636119799		1.1205739312				1.9143431571		1.2764618042		1.9068735347

		7F7F072823		P		1.198657087		1.0606978404				1.630427875		1.1875207208		1.6159500517

		7F7F0F2336		P		1.5276299009		1.1583624921				1.9020028914		1.2695129442		1.8943160627

		7F7F104B28		P		1.5365584426		1.1583624921				1.9712758487		1.2878017299		1.9647309211

		7F7F105A0E		P		1.2504200023		1.0718820073				1.7160033436		1.1875207208		1.7041505168

		7F7F140055		P		1.4653828514		1.1522883444				1.9628426812		1.2988530764		1.9561684305

		7F7F140B5D		P		1.6020599913		1.1818435879				1.9894498177		1.3053513694		1.983175072

		7F7F14124F		P		1.2576785749		1.0644579892				1.7558748557		1.2304489214		1.7450747916

		7F7F141311		P		1.1271047984		1.0253058653				1.5502283531		1.1461280357		1.532754379

		7F7F141319		P		1.2900346114		1.0718820073				1.6551384348		1.1958996524		1.6414741105

		7F7F141339		P		1.260071388		1.079181246				1.7084209001		1.2041199827		1.6963563887

		7F7F3C3505		P		1.4608978428		1.1430148003				1.8686444384		1.2671717284		1.8603380066

		7F7F3C4360		P		1.5477747054		1.1702617154				1.9642596302		1.2966651903		1.9576072871

		7F7F3F3708		P		1.4885507165		1.1461280357				1.8981764835		1.2764618042		1.8904210188

		7F7F3F3D1F		P		1.6085260336		1.1903316982				2.0394141192		1.3201462861		2.033825694

		7F7F3F4F3F		P		1.5538830266		1.1731862684				1.8182258936		1.252853031		1.8088858674

		7F7F450507		P		1.4969296481		1.1613680022				2.1525940779		1.3384564936		2.1482940974

		7F7F451224		P		1.4608978428		1.1303337685				2.0244856677		1.2988530764		2.0187004987

		7F7E355019		P		1.357934847		1.1072099696				1.7923916895		1.2329961104		1.7824726242





comparing growth (Linear)
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Dummy tags
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Analysis Data
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Dummy
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Log10 (Start Length, cm)

Log10 (End Length, cm)
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Sept Growth Analysis

		Pit Tag No		Dummy or PIT?		Start						16th May

						Wt (g)		FL (cms)				Wt		FL		Corrected weight (weight-tag weight)

		7F7D170E26		A		35		14.7				94.2		19.1		92.8

		7F7D17162A		A		39.2		15.5				77.7		19.1		76.3

		7F7D176425		A		26.8		13.5				43.5		15.4		42.1

		7F7D1A4854		A		23.1		12.9				62.5		17.1		61.1

		7F7D1B7021		A		21		12.4				45.3		15		43.9

		7F7D1D644F		A		32.2		14.1				47.2		16.3		45.8

		7F7D31733A		A		23.9		13.1				43.6		15.3		42.2

		7F7E180063		A		21.1		12.6				42.3		14.9		40.9

		7F7E225C63		A		23		12.9				49		15.5		47.6

		7F7E231F7B		A		31.2		14.2				65.9		17.1		64.5

		7F7E2C0F01		A		40.8		15.4				80.9		18.5		79.5

		7F7E2D0C7D		A		42.6		15.6				83.5		18.8		82.1

		7F7E2D2D75		A		38		15.2				83.3		18.8		81.9

		7F7E2E052C		A		24.6		13.3				45		15.5		43.6

		7F7E2E6104		A		23.5		12.8				46.4		15.3		45

		7F7E31290C		A		24.3		12.9				51.8		16		50.4

		7F7E320702		A		49.6		16.5				111.1		21.1		109.7

		7F7E321353		A		41.4		15.6				78.4		18.5		77

		7F7E342F6D		A		42.1		15.5				115.3		20.5		113.9

		7F7E35264C		A		37.6		15				69.5		19		68.1

		7F7E355751		A		36.7		14.9				95		19.3		93.6

		7F7E355F67		A		41.1		15.6				72.3		18.5		70.9

		7F7E461D50		A		28.9		13.9				87.8		19		86.4

		7F7E462831		A		34.3		14.5				62.8		17.5		61.4

		7F7E462C59		A		33.7		14.7				79.1		18.7		77.7

		7F7E463126		A		30		13.8				93.5		19.2		92.1

		7F7E463A46		A		44.2		16.1				91.3		19.8		89.9

		7F7E463B30		A		26.7		13.5				44		15.1		42.6

		7F7E463B7E		A		25.9		13.3				45.3		15.2		43.9

		7F7E463C50		A		52		16.9				104.4		21		103						W		Dummy		Control		Ratio of Growth

		7F7E463D27		A		18.4		11.9				27.5		13		26.1						20		36.27		56.41		0.64

		7F7E464603		A		33.4		14.8				58.9		17		57.5						25		48.35		68.24		0.71

		7F7E471771		A		23.8		13.1				51.1		16		49.7						30		60.44		80.06		0.75

		7F7E47321E		A		49.6		16.6				117.2		21.2		115.8						35		72.52		91.89		0.79

		7F7E473A35		A		20.4		12.1				16		11.7		14.6						40		84.61		103.72		0.82

		7F7E473D20		A		51.5		16.6				95.1		19.9		93.7						45		96.70		115.55		0.84

		7F7E474266		A		59.3		17.3				110.4		20.6		109						50		108.78		127.38		0.85

		7F7E583A7A		A		41.2		15.3				87.5		18.8		86.1						55		120.87		139.21		0.87

		7F7E695718		A		38.2		15.5				86.5		19.1		85.1						60		132.96		151.04		0.88

		7F7E6D014A		A		22.9		12.6				44.6		15		43.2

		7F7F054834		A		17.3		11.8				39.1		14.4		37.7

		7F7F065021		A		57.4		17.7				162.2		23.6		160.8

		7F7F066763		A		47.5		16.5				87.2		19.5		85.8

		7F7F071010		A		29.5		13.8				57.4		16.3		56

		7F7F07155C		A		21.4		12.3				33.5		13.8		32.1

		7F7F071E20		A		35.1		14.8				87.5		19		86.1

		7F7F110E20		A		36.2		15.1				70.8		18.6		69.4

		7F7F14017E		A		36.2		14.8				115.6		20.2		114.2

		7F7F140427		A		25.1		13.3				42.8		15.2		41.4

		7F7F140D77		A		33.3		14.7				76.5		18.2		75.1

		7F7F141174		A		46.4		16.1				119.1		20.7		117.7

		7F7F141732		A		30.8		14.1				60.4		17.4		59

		7F7F3B6D0E		A		38.8		15.4				94.7		19.6		93.3

		7F7F3C2F42		A		38.1		15.2				60.5		16.9		59.1

		7F7F3C3513		A		35.8		14.9				67.6		16.9		66.2

		7F7F3C3B0C		A		20.6		12.2				31.2		13.5		29.8

		7F7F3C4417		A		26.6		13.4				39.5		14.9		38.1

		7F7F451C57		A		37.9		15.1				74.8		18		73.4

		7F7F45DE5F		A		33.4		14.5				78.8		18.4		77.4

		7F7D172E2C		P		34.5		14.5				88.7		18.6		87.3

		7F7D172F19		P		24.5		13				77.6		18.8		76.2

		7F7D17397A		P		23.6		13				58.9		17.4		57.5

		7F7D173C50		P		35.2		14.8				82		19.6		80.6

		7F7D1D1546		P		11.2		10				33.2		13.5		31.8

		7F7D1D4637		P		36.5		15.2				149.3		22.6		147.9

		7F7D1D5314		P		11		10				30.1		13.4		28.7

		7F7D3F4643		P		16.1		11.6				64.4		17.2		63

		7F7E0D4968		P		15.1		11.5				44.6		15		43.2

		7F7E1D6B56		P		30.4		13.8				79.4		18.4		78

		7F7E1D6C0C		P		39.1		14.9				102.7		19.6		101.3

		7F7E1D763B		P		15.1		10.9				38.5		14.6		37.1

		7F7E1E3D46		P		9.6		9.5				23.4		12.5		22

		7F7E1E4F15		P		31.9		14.5				92.8		20.3		91.4

		7F7E203D3C		P		41.2		15.8				103.8		21.2		102.4

		7F7E2B2D3B		P		34.6		14.7				68.1		18.5		66.7

		7F7E2B2F5F		P		24.6		12.9				54.2		16.9		52.8

		7F7E2B377B		P		15		11.1				31.5		14.2		30.1

		7F7E2B3977		P		45.4		16				90.7		19.4		89.3

		7F7E2C056E		P		11.9		10.1				34.4		13.9		33

		7F7E2C0F65		P		43.2		15.3				91.3		19.9		89.9

		7F7E2D2F2F		P		13.9		11				32.9		14		31.5

		7F7E2D5D57		P		33.9		14.7				81.3		18.6		79.9

		7F7E2E136F		P		30.9		14.2				90.6		19.1		89.2

		7F7E2E3222		P		15.4		11.5				43.1		15.3		41.7

		7F7E2E4003		P		18.3		11.9				58.2		17		56.8

		7F7E2E494C		P		25.8		13				54.9		17		53.5

		7F7E2E5E02		P		25.8		13.1				85		19		83.6

		7F7E311C48		P		16		11.2				52.6		16.2		51.2

		7F7E31232E		P		37.9		15				127.2		21.6		125.8

		7F7E312A03		P		17.9		11.9				62.1		17.3		60.7

		7F7E31370D		P		28.9		13.5				73.5		18.1		72.1

		7F7E313D32		P		32.4		14.3				95		19.7		93.6

		7F7E346E07		P		29.6		13.7				76.3		18		74.9

		7F7E350E37		P		42		15.6				105.4		20.5		104

		7F7E352347		P		14		11.1				32.2		14		30.8

		7F7E352E71		P		38.6		15.2				133.9		21.8		132.5

		7F7E353762		P		40.9		15.8				114.6		21		113.2

		7F7E361A62		P		28.2		13.5				85.5		19		84.1

		7F7E387D38		P		52.1		16.6				100.7		20.1		99.3

		7F7E461056		P		14.8		11.2				42.6		15.3		41.2

		7F7E461D00		P		28.6		13.8				62		18.1		60.6

		7F7E462378		P		27.4		13.2				74.9		18		73.5

		7F7E462544		P		23.2		12.6				70.4		17.8		69

		7F7E462C12		P		26.6		13.9				92.5		19.7		91.1

		7F7E46306D		P		16.7		11.8				46		15.8		44.6

		7F7E463650		P		10.7		10.1				22.6		12.6		21.2

		7F7E46385E		P		51.4		16.8				165.4		23.2		164

		7F7E463A60		P		22.9		12.4				63.2		16.8		61.8

		7F7E464129		P		39.3		15.7				98		20.5		96.6

		7F7E464B18		P		38.1		15				79.7		18.8		78.3

		7F7E467E3E		P		37.7		15.2				71.6		18.9		70.2

		7F7E47032E		P		29		13.8				96.6		19.6		95.2

		7F7E470642		P		50.8		16.4				129.3		21.4		127.9

		7F7E472050		P		37.7		15.5				93.8		21		92.4

		7F7E47285D		P		45.1		16				84.8		19.1		83.4

		7F7E473C4D		P		30.1		14.3				63		18.2		61.6

		7F7E6B3655		P		42.8		16.1				99.8		20.6		98.4

		7F7E6D145C		P		23.8		12.6				53.1		16.3		51.7

		7F7F002D4B		P		42.5		15.8				125		21.3		123.6

		7F7F05494D		P		40		15.3				83.6		19		82.2

		7F7F071239		P		38.6		15				112		20.4		110.6

		7F7F07144E		P		22.6		12.6				53.8		16.8		52.4

		7F7F071525		P		32.8		14.3				94.3		19.6		92.9

		7F7F071D51		P		34.6		14.7				102.1		20		100.7

		7F7F072000		P		23.1		13.2				82.1		18.9		80.7

		7F7F072823		P		15.8		11.5				42.7		15.4		41.3

		7F7F0F2336		P		33.7		14.4				79.8		18.6		78.4

		7F7F104B28		P		34.4		14.4				93.6		19.4		92.2

		7F7F105A0E		P		17.8		11.8				52		15.4		50.6

		7F7F140055		P		29.2		14.2				91.8		19.9		90.4

		7F7F140B5D		P		40		15.2				97.6		20.2		96.2

		7F7F14124F		P		18.1		11.6				57		17		55.6

		7F7F141311		P		13.4		10.6				35.5		14		34.1

		7F7F141319		P		19.5		11.8				45.2		15.7		43.8

		7F7F141339		P		18.2		12				51.1		16		49.7

		7F7F3C3505		P		28.9		13.9				73.9		18.5		72.5

		7F7F3C4360		P		35.3		14.8				92.1		19.8		90.7

		7F7F3F3708		P		30.8		14				79.1		18.9		77.7

		7F7F3F3D1F		P		40.6		15.5				109.5		20.9		108.1

		7F7F3F4F3F		P		35.8		14.9				65.8		17.9		64.4

		7F7F450507		P		31.4		14.5				142.1		21.8		140.7

		7F7F451224		P		28.9		13.5				105.8		19.9		104.4

		7F7E355019		P		22.8		12.8				62		17.1		60.6





Sept Growth Analysis
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Dummy tags
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Mortality Analysis
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Dummy tags
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Surgical Results
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FL (cms)

Wt(g)

FL (cm)

y = 4.4166Ln(x) - 0.928
R2 = 0.9807
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		measurements made 16th may 2001						a 22mm dummy tag weighs 1.4g				12.1428571429

		PIT tag Number		FL		Wt		May Comments

		7f7e35264c		19		69.5		healed

		7f7e2d0c7d		18.8		83.5		tag visible

		7f7d1d1546		13.5		33.2

		7f7f110e20		18.6		70.8		tag visible but healed

		7f7f141174		20.7		119.1		tag visible but healed

		7f7e2c0f65		19.9		91.3

		7f7f071e20		19		87.5

		7f7e46385e		23.2		165.4

		7f7e6b3655		20.6		99.8

		7f7f450507		21.8		142.1

		7f7e346e07		18		76.3

		7f7f002d4b		21.3		125

		7f7e464b18		18.8		79.7

		7f7d173c50		19.6		82

		7f7e225c63		15.5		49

		no tag		13.8		38		photos 1,2. Evidence of sutures

		7f7f105aoe		15.4		52

		7f7e352347		14		32.2

		7f7f141319		15.7		45.2

		7f7e464603		17		58.9		well healed

		7f7e461d50		19		87.8

		7f7f066763		19.5		87.2		photo 3 tag visible

		7f7f071525		19.6		94.3

		7f7f072000		18.9		82.1

		no tag		13.5		28.5		photos 4,5. Tear visible

		7f7e355f67		18.5		72.3		photos 6,7 tag visible

		7f7e462c59		18.7		79.1		not quite healed

		7f7e583a7a		18.8		87.5

		7f7e352e71		21.8		133.9

		7f7e313d32		19.7		95

		7f7f071d51		20		102.1

		7f7e2e3222		15.3		43.1

		7f7e473a35		11.7		16		photos 8,9,10. Tissue outside wound

		7f7e2e136f		19.1		90.6

		7f7e6d145c		16.3		53.1

		no tag		17.8		65.6		no evidence of surgery

		7f7e2b3977		19.4		90.7

		7f7e31232e		21.6		127.2

		7f7e312a03		17.3		62.1

		7f7e2e494c		17		54.9

		7f7e2d2f2f		14		32.9

		7f7f140d77		18.2		76.5		photo 11, tag visible but well healed

		no tag		18		65.5		photo 12

		7f7e2c0f01		18.5		80.9		photo 13, tag visible

		7f7e467e3e		18.9		71.6

		7f7e463126		19.2		93.5

		7f7f451224		19.9		105.8

		7f7f140055		19.9		91.8

		7f7e2b2f5f		16.9		54.2

		no tag		16		47.1		healed

		7f7f054834		14.4		39.1		well healed but misshapen (rounded)

		7f7e31290c		16		51.8

		7f7d1d5314		13.4		30.1

		7f7e462831		17.5		62.8		not healed

		7f7d31733a		15.3		43.6

		no tag		15.2		41.3		healed

		7f7e472050		21		93.8

		7f7e350e37		20.5		105.4

		7f7e474266		20.6		110.4		tag visible but healed

		7f7f3f4f3f		17.9		65.8

		7f7f3f3708		18.9		79.1

		7f7e2d5d57		18.6		81.3

		7f7f141311		14		35.5

		7f7e463a60		16.8		63.2

		7f7e470642		21.4		129.3

		7f7e463b30		15.1		44

		7f7e2e052c		15.5		45

		7f7e461d00		18.1		62

		7f7f05494d		19		83.6

		7f7d172f19		18.8		77.6

		7f7f141339		16		51.1

		7f7e231f7b		17.1		65.9

		7f7f14017e		20.2		115.6

		7f7f3c2f42		16.9		60.5

		7f7d17162a		19.1		77.7

		7f7e463b7e		15.2		45.3		tag obvious, not quite healed

		7f7e2b377b		14.2		31.5

		7f7f14124f		17		57

		7f7e463650		12.6		22.6

		7f7e2b2d3b		18.5		68.1

		no tag		15.5		40.5		killed

		7f7d1a4854		17.1		62.5

		7f7e473c4d		18.2		63

		no tag		17.6		70.1

		7f7e320702		21.1		111.1

		7f7d3f4643		17.2		64.4

		7f7e462544		17.8		70.4

		7f7e463a46		19.8		91.3

		7f7d1b7021		15		45.3

		7f7f071010		16.3		57.4

		7f7e203d3c		21.2		103.8

		7f7e463d27		13		27.5		tag visible

		7f7e46306d		15.8		46

		7f7e2c056e		13.9		34.4

		7f7e462c12		19.7		92.5

		7f7e1d763b		14.6		38.5

		7f7d176425		15.4		43.5

		7f7f072823		15.4		42.7

		7f7d1d644f		16.3		47.2		photos 14,15,16. Tag coming through wall

		7f7f3c4360		19.8		92.1

		7f7e47285d		19.1		84.8

		no tag		20.2		104.1		healed, killed

		no tag		15.8		44.2		healed, killed

		7f7e31370d		18.1		73.5

		7f7e463c50		21		104.4

		7f7e47032e		19.6		96.6

		7f7e2e5e02		19		85

		7f7e1e4f15		20.3		92.8

		no tag		14.1		31.7		photos 17, 18. Killed

		7f7e1d6b56		18.4		79.4

		no tag		15.9		50.3		killed

		7f7d17397a		17.4		58.9

		7f7f3c3505		18.5		73.9

		7f7e461056		15.3		42.6

		7f7e342f6d		20.5		115.3		tag visible

		7f7e355751		19.3		95		not quite healed

		7f7f3c3b0c		13.5		31.2		tag visible

		7f7e2e4003		17		58.2

		7f7f3b6d0e		19.6		94.7		tag visible

		7f7f141732		17.4		60.4

		7f7e180063		14.9		42.3		monofilament suture still evident

		7f7e361a62		19		85.5

		7f7d172e2c		18.6		88.7

		7f7f3c3513		16.9		67.6

		7f7e462378		18		74.9

		7f7f3c4417		14.9		39.5

		7f7e1e3d46		12.5		23.4

		7f7f140b5d		20.2		97.6

		7f7d1d4637		22.6		149.3

		7f7e47321e		21.2		117.2

		7f7e6d014a		15		44.6

		7f7e1d6c0c		19.6		102.7

		7f7e387d38		20.1		100.7

		7f7d170e26		19.1		94.2

		7f7e2d2d75		18.8		83.3

		7f7e2e6104		15.3		46.4

		7f7f104b28		19.4		93.6

		7f7f0f2336		18.6		79.8

		7f7e321353		18.5		78.4

		7f7f3f3d1f		20.9		109.5

		7f7f451c57		18		74.8

		7f7f065021		23.6		162.2		tag visible

		7f7f45de5f		18.4		78.8

		7f7e311c48		16.2		52.6

		7f7f071239		20.4		112

		7f7e353762		21		114.6

		7f7e471771		16		51.1		photos 19,20,21,22

		7f7e473d20		19.9		95.1		tag visible

		7f7e695718		19.1		86.5

		7f7e464129		20.5		98

		7f7e355019		17.1		62

		7f7f07144e		16.8		53.8

		7f7f07155c		13.8		33.5		tag visible

		7f7f140427		15.2		42.8

		7f7e0d4968		15		44.6





		Pit Tag No		Tag Type		Mort(M), Shed(S) or No Recovery from Anaesthetic (NR)		Date of Surgery		Date Died or Tag Shed		Feb Wt (g)		Feb FL (cms)		May 16 FL		May 16 Wt		Sept 8 Wt (g) (1.4g Tag Wt Subtracted)		Sept 8 FL (cm)		February Comments		May 16 Comments		Sept 8 Comments

		7F7D170E26		A				24-Feb-01				35		14.7		19.1		94.2		230.5		25.0						no mark/scar. Slight bulge

		7F7D17162A		A				20-Feb-01				39.2		15.5		19.1		77.7		190.9		25.2						slight bulge on side		Count of Mort(M) or Shed(S)		Mort(M) or Shed(S)

		7F7D172522		A		S		20-Feb-01		3-May-01		37.1		14.9										Tag dropped						Type		?		M		NA		S		(blank)		Grand Total

		7F7D172A77		A		NR		19-Feb-01				27.5		14.1										Did not come round						A		9		12				10				31

		7F7D176425		A				24-Feb-01				26.8		13.5		15.4		43.5		95.4		19.6						no visible marks		P		2				1						3

		7F7D1A4854		A				20-Feb-01				23.1		12.9		17.1		62.5		112.1		21.5						no visible marks		Grand Total		11		12		1		10				34

		7F7D1B7021		A				20-Feb-01				21		12.4		15		45.3		109.9		20.8						no marks or scars

		7F7D1D644F		A		S		19-Feb-01		3-Jul-01		32.2		14.1		16.3		47.2								photos 14,15,16. Tag coming through wall				Count of Mort(M) or Shed(S)		Mort(M) or Shed(S)

		7F7D300639		A		NR		19-Feb-01				32		14.4										Did not come round						Type		?		M		NA		S		(blank)		Grand Total

		7F7D31733A		A				20-Feb-01				23.9		13.1		15.3		43.6		81.9		19.5								A		8		12				11				31

		7F7E12275A		A		S		20-Feb-01		20-Apr-01		22.8		13.1																P		2				1						3

		7F7E180063		A				24-Feb-01				21.1		12.6		14.9		42.3		103.2		20.3				monofilament suture still evident		no visible marks		Grand Total		10		12		1		11				34

		7F7E1F253F		A		S		24-Feb-01		7-Apr-01		24.1		13.2										Tag dropped

		7F7E225C63		A				24-Feb-01				23		12.9		15.5		49

		7F7E226165		A		M		20-Feb-01		21-Feb-01		18.1		11.9										Burst both stitches- photo taken with digital camera

		7F7E22623A		A		S		19-Feb-01		6-Apr-01		25.8		13.4										Tag dropped

		7F7E231F7B		A				24-Feb-01				31.2		14.2		17.1		65.9		128.1		21.5

		7F7E25775F		A		S		24-Feb-01		4-Apr-01		18.7		11.9										Tag dropped

		7F7E2B2624		A		S		20-Feb-01		12-Apr-01		22.9		12.5										Tag dropped

		7F7E2B3463		A		NR		19-Feb-01				18.8		12										Did not come round

		7F7E2C0F01		A				19-Feb-01				40.8		15.4		18.5		80.9		184.6		23.9				photo 13, tag visible		tag slightly visible, scar healed

		7F7E2C4779		A		?		20-Feb-01				26		13.5										Bleeding after surgery

		7F7E2D0C7D		A				24-Feb-01				42.6		15.6		18.8		83.5		173.2		23.8				tag visible		tag not visible; Killed by clove oil on Sept 8 & removed from study population; Digital photos taken-- no sign of capsule

		7F7E2D2D75		A				24-Feb-01				38		15.2		18.8		83.3		175.3		23.7						no scars or visible marks

		7F7E2E052C		A				20-Feb-01				24.6		13.3		15.5		45		86.9		19.8

		7F7E2E6104		A				24-Feb-01				23.5		12.8		15.3		46.4		87.0		18.6						tag slightly visible, scar healed

		7F7E2E705D		A		M		20-Feb-01		21-Feb-01		17.9		11.9										Burst both stitches- photo taken with digital camera

		7F7E31290C		A				24-Feb-01				24.3		12.9		16		51.8		129.7		22.1

		7F7E313933		A		M		19-Feb-01		21-Feb-01		48.3		16										No obvious marks, but first smolt I did surgery on.

		7F7E320702		A				19-Feb-01				49.6		16.5		21.1		111.1		188.8		24.8						one suture still intact, no scar, no tag visible

		7F7E321353		A				24-Feb-01				41.4		15.6		18.5		78.4		142.1		22.8						no scar or lump

		7F7E33310F		A		NR		19-Feb-01				30.7		13.6										Dead the next day (No recovery at end of first day)

		7F7E342F6D		A				19-Feb-01				42.1		15.5		20.5		115.3		172.3		24.0				tag visible		slight bump where front of tag is

		7F7E35264C		A				20-Feb-01				37.6		15		19		69.5		181.6		24.6				healed		took photo

		7F7E353325		A		S		19-Feb-01		15-Apr-01		24.7		13										Tag dropped

		7F7E354552		A		M		24-Feb-01		25-Feb-01		19.7		12.4

		7F7E355751		A				24-Feb-01				36.7		14.9		19.3		95		192.6		25.3				not quite healed		very slight dark scar

		7F7E355D3D		A		M		24-Feb-01		5-Mar-01		28.8		14.1

		7F7E355F67		A				19-Feb-01				41.1		15.6		18.5		72.3		107.2		21.4				photos 6,7 tag visible		tag is visible- took photo on scale board

		7F7E387D01		A		M		20-Feb-01		23-Feb-01		15.7		11.4										Burst both stitches- photo taken with digital camera

		7F7E461D50		A				20-Feb-01				28.9		13.9		19		87.8		174.0		24.7

		7F7E461F2C		A		S		20-Feb-01		23-Apr-01		24.9		13.5										Tag dropped

		7F7E462831		A		S		19-Feb-01		18-Aug-01		34.3		14.5		17.5		62.8								not healed

		7F7E462C59		A				20-Feb-01				33.7		14.7		18.7		79.1		182.4		24.7				not quite healed		no scar-small bulge

		7F7E463126		A				20-Feb-01				30		13.8		19.2		93.5		160.3		23.1						no visible scars or lumps

		7F7E463866		A		NR		19-Feb-01				18.8		12										Did not come round

		7F7E463A46		A				19-Feb-01				44.2		16.1		19.8		91.3		174.3		24.9

		7F7E463A6F		A		M		20-Feb-01		23-Feb-01		19.9		12.1										Burst both stitches- photo taken with digital camera

		7F7E463B30		A				24-Feb-01				26.7		13.5		15.1		44		73.6		18.5						no visible marks

		7F7E463B7E		A				20-Feb-01				25.9		13.3		15.2		45.3		69.0		18.1				tag obvious, not quite healed		no scar

		7F7E463C16		A		M		24-Feb-01		25-Feb-01		17.6		12

		7F7E463C50		A				20-Feb-01				52		16.9		21		104.4		263.2		28.1						slight scarring

		7F7E463D27		A				24-Feb-01				18.4		11.9		13		27.5		65.0		17.9				tag visible		tag outline slightly visible

		7F7E464603		A				24-Feb-01				33.4		14.8		17		58.9		111.8		21.3				well healed		perfect belly

		7F7E471621		A		S		20-Feb-01		2-May-01		28		13.8										Tag dropped

		7F7E471771		A				24-Feb-01				23.8		13.1		16		51.1		103.2		20.3				photos 19,20,21,22

		7F7E47321E		A				19-Feb-01				49.6		16.6		21.2		117.2		195.5		25.0						belly perfect; Killed 8 Sept with clove oil & removed from study population.  Digital photos taken; no sign of capsule

		7F7E473A35		A		M		20-Feb-01		24-Jul-01		20.4		12.1		11.7		16		10.0		11.4				photos 8,9,10. Tissue outside wound		Incision still not healed at time of death; fat bodies still showing

		7F7E473D20		A				19-Feb-01				51.5		16.6		19.9		95.1		209.0		26.1				tag visible		tag outline barely visible

		7F7E474266		A				19-Feb-01				59.3		17.3		20.6		110.4		210.1		25.4				tag visible but healed		tag outline barely visible

		7F7E583A7A		A				20-Feb-01				41.2		15.3		18.8		87.5		210.6		24.7						completely healed-no scar visible

		7F7E695718		A				20-Feb-01				38.2		15.5		19.1		86.5		223.0		27.0						not even scar visible

		7F7E6B38DD		A		S		19-Feb-01		4-Apr-01		38.2		15										Tag dropped (PIT tag code on bag was 7F7E6B382D; this is closest code to that number)

		7F7E6D014A		A				24-Feb-01				22.9		12.6		15		44.6		88.9		18.8						no marks

		7F7F042A04		A		S		24-Feb-01		4-Apr-01		42.2		16										Tag dropped

		7F7F054834		A				24-Feb-01				17.3		11.8		14.4		39.1		102.2		19.7				well healed but misshapen (rounded)		no marks, no bumps-belly rounded

		7F7F065021		A				24-Feb-01				57.4		17.7		23.6		162.2		369.2		30.4				tag visible		completely healed-no marks

		7F7F066763		A				24-Feb-01				47.5		16.5		19.5		87.2		133.7		22.7				photo 3 tag visible		faint lump-barely visible

		7F7F071010		A				20-Feb-01				29.5		13.8		16.3		57.4		123.5		21.0						no marks or lumps-scar barely visible (grey line)

		7F7F071509		A		M		20-Feb-01		21-Feb-01		14.3		10.8										Burst both stitches- photo taken with digital camera

		7F7F07155C		A				24-Feb-01				21.4		12.3		13.8		33.5		57.5		17.1				tag visible		tag slightly visible, scar healed

		7F7F071E20		A				24-Feb-01				35.1		14.8		19		87.5		177.8		23.7						perfect belly

		7F7F072844		A		NR		19-Feb-01				23.4		12.8										Did not come round

		7F7F072E08		A		M		24-Feb-01		26-Feb-01		18.6		12.2

		7F7F10496C		A		NR		19-Feb-01				18.5		11.9										Did not come round

		7F7F110E20		A				24-Feb-01				36.2		15.1		18.6		70.8		115.5		25.3				tag visible but healed

		7F7F14017E		A				24-Feb-01				36.2		14.8		20.2		115.6		237.3		25.6

		7F7F140427		A				24-Feb-01				25.1		13.3		15.2		42.8		67.6		18.2

		7F7F140D77		A				24-Feb-01				33.3		14.7		18.2		76.5		147.6		22.9				photo 11, tag visible but well healed		tiny lump

		7F7F141174		A				20-Feb-01				46.4		16.1		20.7		119.1		218.1		25.1				tag visible but healed		tag slightly visible

		7F7F141732		A				20-Feb-01				30.8		14.1		17.4		60.4		179.8		24.4						no visible marks

		7F7F3B6D0E		A				20-Feb-01				38.8		15.4		19.6		94.7		212.9		26.0				tag visible		no visible marks

		7F7F3C296D		A		M		24-Feb-01		26-Feb-01		23.4		13.1

		7F7F3C2F42		A				20-Feb-01				38.1		15.2		16.9		60.5		126.1		21.0						no scars or tag visible

		7F7F3C3513		A				24-Feb-01				35.8		14.9		16.9		67.6		118.1		21.0						no visible marks

		7F7F3C3B0C		A				24-Feb-01				20.6		12.2		13.5		31.2		59.3		16.9				tag visible		no visible marks

		7F7F3C3E4C		A		M		20-Feb-01		6-Mar-01		28.2		13.5

		7F7F3C4417		A				19-Feb-01				26.6		13.4		14.9		39.5		64.5		17.7

		7F7F450E5F		A				20-Feb-01				33.4		14.5		18.4		78.8		155.4		23.6						No visible marks

		7F7F451C57		A				24-Feb-01				37.9		15.1		18		74.8		136.0		22.3						no marks

		7F7D172E2C		P				24-Feb-01				34.5		14.5		18.6		88.7		117.8		21.0

		7F7D172F19		P				19-Feb-01				24.5		13		18.8		77.6		148.8		23.5		Dropped on floor				Killed by clove oil on Sept 8 & removed from study population

		7F7D17397A		P				20-Feb-01				23.6		13		17.4		58.9		122.9		22.1

		7F7D173C50		P				20-Feb-01				35.2		14.8		19.6		82		151.0		23.3

		7F7D1D1546		P				24-Feb-01				11.2		10		13.5		33.2		75.2		17.1

		7F7D1D4637		P				20-Feb-01				36.5		15.2		22.6		149.3		278.4		28.0						no marks

		7F7D1D5314		P				24-Feb-01				11		10		13.4		30.1		40.1		15.2

		7F7D3F4643		P				24-Feb-01				16.1		11.6		17.2		64.4		120.3		21.4

		7F7E0D4968		P				24-Feb-01				15.1		11.5		15		44.6		96.2		19.5

		7F7E1D6B56		P				20-Feb-01				30.4		13.8		18.4		79.4		138.4		22.5

		7F7E1D6C0C		P				19-Feb-01				39.1		14.9		19.6		102.7		208.1		24.5						slight scar on side (like a white fingerprint-- injection point?)

		7F7E1D763B		P				20-Feb-01				15.1		10.9		14.6		38.5		59.8		17.3						Killed by clove oil on Sept 8 & removed from study population

		7F7E1E3D46		P				24-Feb-01				9.6		9.5		12.5		23.4		39.5		15.3

		7F7E1E4F15		P				20-Feb-01				31.9		14.5		20.3		92.8		180.6		25.2

		7F7E203D3C		P				20-Feb-01				41.2		15.8		21.2		103.8		184.4		25.8

		7F7E2B2D3B		P				24-Feb-01				34.6		14.7		18.5		68.1		211.9		25.5

		7F7E2B2F5F		P				24-Feb-01				24.6		12.9		16.9		54.2		127.7		21.9						Killed by clove oil on Sept 8 & removed from study population

		7F7E2B377B		P				24-Feb-01				15		11.1		14.2		31.5		55.2		16.7

		7F7E2B3977		P				19-Feb-01				45.4		16		19.4		90.7		175.9		24.2

		7F7E2C056E		P				24-Feb-01				11.9		10.1		13.9		34.4		46.7		16.0

		7F7E2C0F65		P				19-Feb-01				43.2		15.3		19.9		91.3		182.9		24.2

		7F7E2D2F2F		P				24-Feb-01				13.9		11		14		32.9		40.6		15.6

		7F7E2D5D57		P				24-Feb-01				33.9		14.7		18.6		81.3		163.6		23.5

		7F7E2E136F		P				20-Feb-01				30.9		14.2		19.1		90.6		138.3		22.3						Dropped on floor, by Erika (Fortunately)

		7F7E2E3222		P				24-Feb-01				15.4		11.5		15.3		43.1		78.5		19.1

		7F7E2E4003		P				24-Feb-01				18.3		11.9		17		58.2		83.7		19.4						Killed by clove oil on Sept 8 & removed from study population

		7F7E2E494C		P				20-Feb-01				25.8		13		17		54.9		129.9		21.5

		7F7E2E5E02		P				19-Feb-01				25.8		13.1		19		85		192.7		24.3

		7F7E311C48		P				24-Feb-01				16		11.2		16.2		52.6		100.6		20.4

		7F7E31232E		P				20-Feb-01				37.9		15		21.6		127.2		272.4		27.7						dropped by Dad!! Ha Ha... twice

		7F7E312A03		P				24-Feb-01				17.9		11.9		17.3		62.1		94.4		20.3

		7F7E31370D		P				20-Feb-01				28.9		13.5		18.1		73.5		138.6		22.4

		7F7E313D32		P				24-Feb-01				32.4		14.3		19.7		95		214.3		25.9

		7F7E346E07		P				19-Feb-01				29.6		13.7		18		76.3		97.3		19.9						no mark

		7F7E350E37		P				20-Feb-01				42		15.6		20.5		105.4		178.4		24.6

		7F7E352347		P				24-Feb-01				14		11.1		14		32.2		44.4		16.0

		7F7E352E71		P				20-Feb-01				38.6		15.2		21.8		133.9		267.8		27.7

		7F7E353762		P				20-Feb-01				40.9		15.8		21		114.6		224.8		26.0

		7F7E355019		P				24-Feb-01				22.8		12.8		17.1		62		137.5		22.0

		7F7E361A62		P				20-Feb-01				28.2		13.5		19		85.5		131.0		22.4

		7F7E387D38		P				24-Feb-01				52.1		16.6		20.1		100.7		162.6		24.2

		7F7E461D00		P				19-Feb-01				28.6		13.8		18.1		62		105.7		21.9						completely healed

		7F7E461D56		P				24-Feb-01				14.8		11.2		15.3		42.6		75.6		18.4						no marks

		7F7E462378		P				24-Feb-01				27.4		13.2		18		74.9		131.4		22.5						Killed by clove oil on Sept 8 & removed from study population

		7F7E462544		P				19-Feb-01				23.2		12.6		17.8		70.4		132.0		21.6						Killed by clove oil on Sept 8 & removed from study population

		7F7E462C12		P				19-Feb-01				26.6		13.9		19.7		92.5		194.4		24.8

		7F7E46306D		P				24-Feb-01				16.7		11.8		15.8		46		60.4		17.7						no marks

		7F7E463650		P				24-Feb-01				10.7		10.1		12.6		22.6		33.6		14.6						photo taken with tags & Erika

		7F7E46385E		P				20-Feb-01				51.4		16.8		23.2		165.4		265.3		27.4						perfect belly

		7F7E463A60		P				24-Feb-01				22.9		12.4		16.8		63.2		105.8		20.0						Killed by clove oil on Sept 8 & removed from study population

		7F7E463C11		P		NR		19-Feb-01				22		12.6										Did not come round

		7F7E464129		P				20-Feb-01				39.3		15.7		20.5		98		177.9		24.5

		7F7E464B18		P				20-Feb-01				38.1		15		18.8		79.7		165.9		23.8

		7F7E467E3E		P				19-Feb-01				37.7		15.2		18.9		71.6		169.4		24.8

		7F7E47032E		P				19-Feb-01				29		13.8		19.6		96.6		143.0		22.6

		7F7E470642		P				19-Feb-01				50.8		16.4		21.4		129.3		192.8		24.4

		7F7E471228		P		NA		20-Feb-01		9-Apr-01		51.7		16.8										Jumped from tank on 9 April (17.5 cm)-- Exclude from analysis

		7F7E472050		P				20-Feb-01				37.7		15.5		21		93.8		176.7		25.6

		7F7E47285D		P				24-Feb-01				45.1		16		19.1		84.8		218.7		25.4						perfect; no marks

		7F7E473C4D		P				24-Feb-01				30.1		14.3		18.2		63		153.3		23.9						dropped by Dad

		7F7E6B3655		P				20-Feb-01				42.8		16.1		20.6		99.8		177.0		25.0

		7F7E6D145C		P				19-Feb-01				23.8		12.6		16.3		53.1		101.3		20.1

		7F7F002D4B		P				19-Feb-01				42.5		15.8		21.3		125		230.9		26.4						Killed by clove oil on Sept 8 & removed from study population

		7F7F05494D		P				20-Feb-01				40		15.3		19		83.6		127.3		21.8

		7F7F071239		P				20-Feb-01				38.6		15		20.4		112		168.5		23.3

		7F7F07144E		P				20-Feb-01				22.6		12.6		16.8		53.8		96.1		20.4						Killed by clove oil on Sept 8 & removed from study population

		7F7F071525		P				20-Feb-01				32.8		14.3		19.6		94.3		145.3		23.0

		7F7F071D51		P				20-Feb-01				34.6		14.7		20		102.1		206.7		25.2

		7F7F072000		P				24-Feb-01				23.1		13.2		18.9		82.1		133.2		22.5

		7F7F072823		P				20-Feb-01				15.8		11.5		15.4		42.7		60.7		18.0

		7F7F0F2336		P				20-Feb-01				33.7		14.4		18.6		79.8		136.4		22.7						No visible marks

		7F7F104B28		P				20-Feb-01				34.4		14.4		19.4		93.6		164.9		23.5

		7F7F105A0E		P				20-Feb-01				17.8		11.8		15.4		52		73.2		18.5

		7F7F110707		P		?		19-Feb-01				27.8		13.5						108.8		21.0				Not recorded in May census

		7F7F140055		P				19-Feb-01				29.2		14.2		19.9		91.8		206.5		25.9

		7F7F140B5D		P				24-Feb-01				40		15.2		20.2		97.6		195.0		25.4

		7F7F14124F		P				19-Feb-01				18.1		11.6		17		57		130.2		22.4

		7F7F141311		P				24-Feb-01				13.4		10.6		14		35.5		51.6		16.5

		7F7F141319		P				19-Feb-01				19.5		11.8		15.7		45.2		86.6		19.7

		7F7F141339		P				24-Feb-01				18.2		12		16		51.1		92.6		19.5

		7F7F3C3505		P				20-Feb-01				28.9		13.9		18.5		73.9		141.7		22.8

		7F7F3C4360		P				20-Feb-01				35.3		14.8		19.8		92.1		224.9		26.5

		7F7F3F3708		P				19-Feb-01				30.8		14		18.9		79.1		136.1		22.2

		7F7F3F3D1F		P				19-Feb-01				40.6		15.5		20.9		109.5		218.8		26.1						scar faintly visible

		7F7F3F4F3F		P				24-Feb-01				35.8		14.9		17.9		65.8		109.1		21.5

		7F7F450507		P				24-Feb-01				31.4		14.5		21.8		142.1		232.6		26.2

		7F7F451224		P				19-Feb-01				28.9		13.5		19.9		105.8		167.1		23.4

																13.8		38		139.7		22.0				photos 1,2. Evidence of sutures

																13.5		28.5		83.3		19.3				photos 4,5. Tear visible

																17.8		65.6		86.5		18.5				no evidence of surgery

																18		65.5		93.9		19.6				photo 12

																16		47.1		99.4		20.5				healed

																15.2		41.3		103.8		20.9				healed

																15.5		40.5		99.4		20.6				killed

																17.6		70.1		41.5		15.5

																20.2		104.1		126.3		122.2				healed, killed

																15.8		44.2								healed, killed

																14.1		31.7								photos 17, 18. Killed

																15.9		50.3								killed

		16-Jun		Five smolts that had lost their tags prior to May 16th inspection were autopsied

				Visceral adhesions were present in 3 of 5.  This did not appear to be the result of the internal organs being sutured to the body wall.

				Rather, it appears to be an outgrowth of the peritoneal wall which atteched to the pyloric caecae or intestines

				Incisions were well-healed & there was no evidence of disruption

				to the skin of the abdomen.   The anus did not appear to be enlarged.  This thus suggests that the tag appears to have been lost thru the incision.

				FLs of necropsied smolts: 14.0; 15.1; 14.9; 15.2; 19.5 cms

		8-Sep		A total of 9 fish were found in the tanks that had no detectable PIT tag code.  All were culled.  Some of these fish would have been left

				from May, when we did not start culling these animals until part way thru the day.
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Sept 8 Wt (g) (1.4g Tag Wt Subtracted)

PIT Tag

May 16 Weight (gm)
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Period 2 (16 May - 8 Sept)

PIT Tags:
y = 1.82x + 3.37
R2 = 0.83

Dummy Tags:
y = 2.04x - 1.23
R2 = 0.84
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Dummy Tags

Control

May 16 FL (cm)

Sept 8 FL (cm)

Period 2 (16 May - 8 Sept)

Dummy Tags:
y = 1.28x - 0.20
R2 = 0.87

PIT Tags:
y = 1.29x - 1.14
R2 = 0.91
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		Mortality-Tag Shedding Analysis (to May Census)

		Sample Sizes		<11		11-12		12-13		13-14		14-15		15-16		16-17		Total

		Dummy		1		6		15		20		15		15		11		83

		PIT		7		15		7		16		18		16		6		85

		Mortalities

		Dummy		1		3		5		2		1		1		1		14

		PIT		0		0		0		0		0		0		0		0

		Tag Shedding

		Dummy				1		1		6		3		1		1		13

		P		0		0		0		1		0		0		0		1

		TOTALS

		Dummy		1		4		6		8		4		2		2		27

		PIT		0		0		0		1		0		0		0		1

								Proportional Losses

		Mortalities

		Dummy		100.0%		50.0%		33.3%		10.0%		6.7%		6.7%		9.1%		16.9%

		PIT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Tag Shedding

		Dummy		0.0%		16.7%		6.7%		30.0%		20.0%		6.7%		9.1%		15.7%

		PIT		0.0%		0.0%		0.0%		6.3%		0.0%		0.0%		0.0%		1.2%

		OVERALL

		Dummy		100.0%		66.7%		40.0%		40.0%		26.7%		13.3%		18.2%		32.5%

		PIT		0.0%		0.0%		0.0%		6.3%		0.0%		0.0%		0.0%		1.2%

								Proportional Retention

		Size Class (cm)		10		11		12		13		14		15		16		Total

		Survival		0.0%		50.0%		66.7%		90.0%		93.3%		93.3%		90.9%		83.1%

		Tag Retention				83.3%		93.3%		70.0%		80.0%		93.3%		90.9%		84.3%

		Survival + Retention		0.0%		33.3%		60.0%		60.0%		73.3%		86.7%		81.8%		67.5%
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						Tag

				Mortalities		Loss

		21-Feb-01		3				Steelhead kept on 7C water to March 2th, then increased to 9.5C.

		23-Feb-01		4				Brian says that he will increase temperatures to 11C in a few days.

		25-Feb-01		2

		26-Feb-01		2

		5-Mar-01		1

		6-Mar-01		1

		5-Apr-01		-		3

		6-Apr-01		-		1

								-----Original Message-----

								From: Billings, Ray FISH:EX [mailto:Ray.Billings@gems8.gov.bc.ca]

								Sent: Friday, 06 April, 2001 12:51 PM

								To: 'WelchD@pac.dfo-mpo.gc.ca'

								Subject: RE: 5 Thumbs Surgery, Incorporated...

								David:  In the last 2 days, 4 steelhead have "thrown" their dummy tags.

								Three tags were on the trough bottom yesterday and 1 tag today.  No

								mortalities are associated with these lost tags.  All fish look fine and

								appear to be feeding.  I'm wondering if this trend will continue and why.

								Possibly fish are actively feeding and the stomach is putting pressure on

								the abdominal area and forcing the tag back out the incision or fish muscle

								movement when swimming about is doing the same kind of thing.  We haven't

								handled any fish and didn't want to check on incisions without your

								approval.  No obvious open incisions or in fact any incisions can be seen

								when observing fish.

								Ray
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