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a. Abstract 
The nearshore ocean environment associated with the Columbia River plume is an important transition habitat for outmigrating juvenile salmon. Recent evidence suggests that improved survival in the estuarine and early ocean life history phase of Columbia River salmon may be critical to recovering endangered stocks. Ocean recruitment of Columbia River salmon hinges on the complex interaction of smolt quality and the abiotic and biotic ocean conditions at the time of entry and during their first year of ocean residence.  The National Marine Fisheries Service (NMFS) has initiated studies to empirically define the role of the Columbia River plume habitat on growth and survival of juvenile salmon emigrating from the basin (BPA Project 199801400).  A key element of the project is to understand how salmonids use the plume, both spatially and temporally. We hypothesize a) that interannual, life history (ocean- and stream-type), and biological (size/age) differences impact plume residence, b) residence may vary within season, and c) plume use is patchy, not uniform, and salmonids key on specific oceanographic features associated with the plume such as fronts.  Traditional methods used to characterize how juvenile salmon use marine habitats have been limited to protocols relying on marking large numbers of fish, low sampling rates, and large sampling effort.  However, recent advances in micro-acoustic transmitter designs now enable telemetry to be used in the nearshore/plume environment.  We propose to use this new technology by marking a total of 3,000 ocean- and stream-type chinook salmon each year and sampling these fish using a combination of fixed and mobile receiver arrays.  Our objective is to observe how salmon use the plume and to test the hypotheses discussed above.  These observations of how long fish reside in the plume and which features of the plume they prefer fill a critical need identified by BPA Project 199801400.  Therefore, we will incorporate the telemetry data into the overall analyses of survival and growth in the plume.  Our goal with both projects is to identify ways to improve ocean recruitment by understanding how climate, ocean, and river forcing interact and affect survival in the Columbia River plume.

b. Technical and/or scientific background
The nearshore ocean environment, particularly that associated with the Columbia River plume, is a critical habitat to outmigrating juvenile salmon. Recent evidence suggests that improved survival during estuarine and early ocean life history phase of Columbia River salmon may be critical to recovery of endangered stocks (Kareiva et al. 2000), because approximately half of all pre-adult (egg through juvenile stage) salmon mortality occurs there (Bradford 1995).  Variability in ocean salmon survival is very high, ranging over three orders of magnitude over the past three decades for coho (PSFMC unpublished data 1995).  Abiotic and biotic ocean conditions are highly variable as well, and undoubtedly account for the large range of juvenile salmon ocean survival (Francis and Hare 1997, Mantua et al. 1997) and location, since they show preferences for temperature (Welch et al.1995) and salinity (Favorite 1969). 

The Columbia River plume is a natural extension of the estuary and represents habitat of less saline marine waters that is hypothesized to be critical to salmon survival when they are making the transition from freshwater to saltwater. This is supported by recent studies assessing the importance and impact of river plumes to salmon survival (Beamish et al. 1994, Casillas 1999). The mechanisms by which the Columbia River estuary and plume may affect juvenile salmon survival have not been determined, but likely include provision of food resources, a refuge from predators due to the turbidity (thus low visibility) in the plume, and a refuge from coastal predators due to rapid transport offshore and away from the coastal zone by the riverine plume (Grimes and Finucane 1991, St John et al. 1992, Fukuwaka and Suzuki 1998, Grimes 2001).  Since the Columbia River is a major source of salmon to the sea, first principles dictate that studies of salmon-plume interactions, particularly during May and June when outmigrating Columbia River salmon are first entering the sea, are important.

Human-induced changes to the nearshore coastal environment may affect the survival of salmon, particularly at the interface between freshwater and seawater where juvenile salmon must make the important habitat transition from both a biological and physiological perspective.  The shape and extent of the Columbia River plume is controlled largely by tidal flux and the amount of freshwater flowing out of the Columbia River. The timing and amount of flow affects the amount of sediment (turbidity) and nutrients that drive estuarine and oceanic productivity. Flow regulation, water withdrawal, and climate change have reduced the average flow and altered the seasonality of Columbia River flows, changing the estuarine ecosystem (National Research Council 1996; Sherwood et al. 1990; Simenstad et al. 1990, 1992, Weitkamp et al. 1995, Bottom et al. 2001). Annual spring freshet flows through the Columbia River estuary are ~50% of the traditional levels that flushed the estuary and total sediment discharge is ~1/3 of 19th Century levels. Decreased spring flows and sediment discharges have also reduced the extent, speed of movement, thickness, and turbidity of the plume that once extended far out and south into the Pacific Ocean (Barnes et al. 1972; Cudaback and Jay 1996, Hickey et al. 1998).  Pearcy (1992) suggested that low river discharge and reduced turbidity in the plume are unfavorable for juvenile salmonid survival, because predator foraging efficiency in the plume and smolt residence times in the estuary and near the coast (where predation is high) are increased, and the incidence of fronts that concentrate food resources and overall productivity are reduced. 

Ocean recruitment of salmon is controlled by the complex interaction of smolt quality and the abiotic and biotic ocean conditions at the time of entry and during their first year of marine residence. When coupled with evidence the plume has been modified by reduced river outflows, the potential exists for salmon survival to be improved through altered management scenarios that affect flow levels and timing. An understanding of which factors affect survival will require a partitioning of survival (and mortality) among freshwater, estuarine, and early ocean phases.  This in turn will require knowledge of the processes that limit and/or enhance salmon survival in these habitats. These processes, though well characterized in the freshwater environment, have not been characterized in the estuarine and plume environments (Casillas 1999, Bottom et al. 2001). 

Research is currently underway to outline the role of the Columbia River plume as it affects growth and survival of juvenile salmon. The effort focuses on a) identifying primary factors driving the variation in the nearshore and plume environment, including oceanographic and land-based (river flow) processes modulated by climatic and anthropogenic factors, b) defining how trophic relationships modulated by these physical variations affect growth and survival of juvenile salmon, and c) assessing how management of the hydropower system can be used to regulate the Columbia River plume habitat to benefit salmon growth and survival. The research will characterize, over an extended period, the physical and biological features of the nearshore ocean environment using mesoscale and fine scale oceanographic surveys, develop coupled physical-biological models, and perform retrospective assessment of the Columbia River plume as it interacts with coastal circulation.  This information is coupled with measures of juvenile salmon abundance, distribution, growth, and health during the periods of May, June, and September to develop metrics of association between juvenile salmon use and benefits from the plume habitat. Genetic composition reveals that stocks from the Columbia River basin are present in the plume habitat for months. Biological attributes of juvenile salmon captured in the plume during the sampling periods will be compared to infer gains and losses of important biological features resulting from residency in the plume.

A major uncertainty of the ongoing research is how long juvenile salmon reside in the Columbia River plume. An implicit assumption in need of verification is that juvenile salmon caught in the plume have resided in the plume and thus have been influenced by this environment. Mark and recapturing juveniles or tagging juveniles and detecting them remotely with electronic detectors are potential approaches to test this assumption. Although marking and recapturing fish is a well-developed fisheries approach, application of this methodology to a large, open and variable habitat such as the plume would be monetarily prohibitive.  However, acoustic-tag technology has advanced significantly, and application of this approach is now feasible in both ocean- and stream-type salmon. 

The physical constraints of signal propagation in saltwater limit marine telemetry studies to acoustic transmitters that operate at lower frequencies with longer wavelengths.  Past marine telemetry studies have been limited to characterizing the migration behaviors of large, pelagic fishes or adult life stages where archival or acoustic transmitters can be attached to the fish internally or externally and large tag size enables data storage and long operational life due to large battery size.  Boehlert (1997) surveyed the available methodologies for use in nearshore environments and recommended that movement and habitat utilization by post-smolt Pacific salmon in nearshore coastal waters be assessed using acoustic tags, and miniaturization of acoustic and data logging tags continue to allow use in early life history stages.

Recent progress to miniaturize and individually code tags has allowed stream-type salmon (150-315 mm fork length) to be tracked through estuaries (Moore et al, 1990; Schreck et al., 2001; Fried et al., 1976; Potter, 1988) and into marine environments (Lacroix and McCurdy 1996; Ledgerwood et al. 2000). Tags used varied in size and weighed from 1.5 to 5.3 g in air.  Currently, commercially available coded pingers are 9 mm in diameter, from 20 to 30 mm in length, and from 3.3 to 5.0 g weight in air and “have been successfully implanted in salmon pre-smolts as small as 150 mm fork length” (www.vemco.com). 

Several studies have demonstrated that placing transmitters in juvenile salmonids can affect behavior and vulnerability to predation; however, these effects are considered minimal at low tag to fish weight ratios.  Tag weights in air of less than 6% of body weight have been found to minimize tag-induced impacts (Martinelli et al. 1998; Hockersmith et al. 2000; Adams et al. 1998a) and not affect swim performance (Brown et al. 1999).  Martenelli et al. (1998) found that fish with surgically implanted tags are acutely affected by implantation but recover quickly, while the transmitter chronically wears down gastrically tagged fish. Fish with surgically implanted tags had no mortality and no tags were expelled; all fish were feeding normally within 24 h of surgery.  Fish allowed to reach the surface during recovering quickly established neutral buoyancy and compensated for the additional weight of the transmitter. Adams et al. (1998b) evaluated swimming performance and predator avoidance and concluded that transmitters that make up >5% of a fish’s body weight are not recommended for fish < 120 mm.  Moore et al. (1990) found no severe negative effects from surgery, 100% of the test fish survived, swim speed and growth rates were similar to control fish, and the transmitters were encapsulated in clear tissue after 21 days.  This encapsulation has been observed by others (David Welch, Canada Dept. of Fisheries and Oceans, Pers. commun., May 2002).  Jepsen at al. (1998) observed that all 50 surgically implanted test fish exhibited normal swimming and feeding behaviors within a few hours of surgery.  Fried et al. (1976) found that tagged fish not allowed to reach the surface were not able to compensate for the tag and remained negatively buoyant for 8 days (the length of the experiment), an observation also supported by Moser et al. (1990).  Hockersmith et al. (2000) notes that acoustic tags eliminate the trailing (radio) antenna that may adversely affect swimming performance, predator avoidance, foraging behavior, and survival.  To minimize potential effects on fish behavior, surgically implanted, custom micro-acoustic transmitters that weigh <6% of the fish will have to be used.  

A comprehensive evaluation of plume residence and use must include both stream-type and ocean-type life histories because their utilization strategies may differ.  Ocean-type (subyearling) and stream-type (yearling) juveniles exhibit life history strategies that fill different ecological niches.  Ocean-type salmon tend to utilize estuaries and coastal areas more extensively for juvenile rearing, whereas stream-type juveniles are much more dependent on freshwater stream ecosystems because of their extended residence in these areas.  Since the two life history strategies may differ in their use of the plume environment, we believe it is critical that both life history types be represented in any assessment of plume residency and utilization. 
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Most ocean-type and many stream-type salmon outmigrating from the Columbia River are smaller than the minimum tag to fish weight ratio discussed above using commercially available tags.   For example, most subyearling chinook salmon passing Bonneville Dam (RKm 230) were less than 125 mm (fork length) in 2000 (Fig. 1).

Figure 1.  Fork length distributions of subyearling fall chinook salmon at the Bonneville Dam Second Powerhouse smolt monitoring facility, 2000.

Dawley et al. (1986) reported that mean fork lengths of subyearling fall chinook salmon were approximately 60 to 100 mm based on beach seining at Jones Beach (RKm 75). Chinook salmon collected in purse seines near the mouth of the Columbia River ranged in length from 82 to 209 mm; median length was 111 mm (Bob Emmett, NMFS, Pers. commun., May 2002).  A tag small enough to fit into a 92 mm fish would represent >97% of the fish observed in the purse seine samples.  Also, we now have data for fish caught during cruises off the Oregon and Washington coasts.  In 1998-2000 95% of the subyearling chinook salmon caught in the area of the Columbia River plume ranged from 87 to 135 mm in length. Yearling chinook salmon sampled during the same period and location ranged in length from 127-267 mm, whereas yearling coho salmon (O. kisutch) lengths ranged from 129-232 mm. 

These data suggest that miniaturized tags are required to safely represent the full range of length distributions represented by both salmonid life history strategies that emigrate from the Columbia River.  Since 2001 the NMFS and Battelle Pacific Northwest National Laboratories (PNNL) have collaborated to develop a micro-acoustic tag and concomitant detection array to estimate the survival of yearling and subyearling salmon from Bonneville Dam downstream through the lower river and estuary.  A prototype tag design for use in the estuary is being finalized and will undergo preliminary evaluation for biological compatibility and detection testing during 2002.  The fully downsized production micro-acoustic transmitter will be available for deployment in spring of 2003.  The tag will be approximately 17-mm long, 3.5-mm thick, the width will taper from 10 to 4 mm.  The tag displaces a volume of 0.41 ml and weighs 0.7 g in air and 0.35 g in water.  The tag is being designed for implantation in juvenile salmonids as small as 92 mm (fork length), has a 12-second pulse repetition interval (PRI), and 30-day tag life.  Construction and evaluation of the estuary detection array elements will be completed in 2002 and 2003, and a functioning array is planned for deployment near the mouth of the Columbia River in 2003 or 2004. 

The plume study will utilize the basic tag design used to estimate survival through the estuary.  The PRI will be increased to extend the energy budget and increase overall tag life, which can be accomplished at the time of manufacture without changes to the circuitry, frequency, or encoding scheme.  The nearshore acoustic detection system will utilize signal recognition, processing, and data management equipment similar to that used in the estuary. 

The process for developing the fixed and mobile ocean detection arrays will be similar to that used for the estuary, giving us excellent experience and insight into the steps and timeframes needed.  The physical environment is first characterized, including diel and seasonal plume boundary maxima, salinity gradients, temperature, river flow, ocean currents and tidal shifts, and the bottom composition and depth.  These data are input into an acoustic transmission and signal propagation model to predict detection range, ray-path plot, and effects from multi-path and low-salinity water on top of seawater.  The ocean detection arrays could differ from the estuary array due to physical differences such as water depth and signal detection range.  Also detection requirements will differ since we are examining plume residency (timing) patterns and are not making survival estimates.  Smolt migration speeds will be lower in the plume than at the mouth of the Columbia River where fish exit under ebb tides and high river discharges, allowing tag PRI and life to be increased.  The detection array designs will include data retrieval and storage components.  Power constraints and system costs will be considered in the design process. 

Fixed arrays will be located north and south of the plume to form exit transects that detect when fish leave the plume to begin their migration along the continental shelf.  They bound the plume far enough to the north and south to monitor fish that have stayed on the shelf, as well as those transported off the shelf by high river discharges before returning to the shelf to migrate along it.

We also propose to complement the fixed array data through use of weekly mobile sampling inside the plume using hydrophone arrays towed behind two contract vessels.  Each vessel will sample the plume environment along a transect grid oriented north south or east west at a spacing of 1 km.  The size of the grid will be determined through modeling of the plume just prior to each weekly survey.  Further, we propose to use towed hydrophone arrays to sample frontal boundaries to observe spatial distributions outside, along, and inside the plume. The mobile sampling will provide observations of residency behavior and preference for specific features such as fronts, salinity, and temperature.  

c. Rationale and significance to Regional Programs
A comprehensive program to rebuild anadromous salmon runs must focus on all life history stages and all opportunities to increase salmonid survival (NRC 1996).  Efforts to date have focused on the freshwater life stages, with attempts to rehabilitate and mitigate for losses occurring in the riverine environment.  Many fisheries managers believe that salmon populations cannot be rebuilt solely by improving freshwater habitats and hatchery practices. A better understanding of the ecology of salmonids in estuarine and nearshore ocean research is critical to effectively manage Pacific salmon populations (Emmett and Schiewe 1997).  If the marine environment affects recruitment success in a predictable manner, then measuring and predicting salmonid losses in the ocean may be possible.

Understanding interactions between physical and biological attributes in the marine environment and long-term trends in coastal salmon production will assist with the development of effective tools (e.g., models) for forecasting salmonid survival.  Such tools are essential for rational harvest management.  Moreover, these same tools can be used to assess impacts to the plume environment from various flow scenarios based on projected climate conditions or regional power needs.

All proposed freshwater habitat rehabilitation and restoration efforts will operate within the context of uncertainty associated with environmental variability and environmental change.  The NRC (1996) report highlighted that variations in ocean conditions powerfully influence salmon abundance.  Throughout most of the 1980s and 1990s, ocean conditions in the Pacific Northwest region were poor, and the low ocean survival might well explain the limited success to date of habitat restoration efforts. We are just now beginning to understand what happens to salmon during the major part of their lives—the years spent at sea; new insights already demonstrate that variations in salmon abundance are linked to phenomena on spatial and temporal scales that biologists and managers have not previously taken into account (the entire North Pacific Basin and decadal time scales).  Given the recent increases in productivity of the California Current and related increases in chinook and coho salmon abundance, it now appears that the declines of the 1990s may be reversing.  Will we have sufficient data and understanding in place that will allow managers to decide the extent to which sound management practices should be credited or whether salmon fortunes were due to a reversal in natural climate cycles?  Alternatively, it should be noted that if improvements in freshwater habitat quality do not result in immediate improvements in stock size, we must be able to demonstrate the degree to which ocean conditions and plume-ocean interactions have affected salmon survival.

Specifically, the research proposed here is in support of the Columbia River Mainstem/Systemwide Program Summary: Estuary and Marine Survival, which recognizes the plume as an integral component of the Columbia River system. Moreover, the summary concludes that understanding the role of the plume in salmon survival is a critical need. This project also supports several Reasonable and Prudent Alternatives set forth in the National Marine Fisheries Service 2000 FCRPS Biological Opinion. These include RPA 197 (develop an understanding of juvenile and adult salmonid use of the Columbia River plume), RPA 194 (develop a physical model of the lower Columbia River and plume that can be used to characterize potential changes to estuarine habitat associated with modified hydrosystem flows and the effects of altered flows where they meet the California Current to form the Columbia River plume), and RPA 195 (investigate and partition the causes of mortality below Bonneville Dam after juvenile passage through the FCRPS). 

The Northwest Power Planning Council considers the ocean environment an integral component of the Columbia River ecosystem and recognizes that these environments are utilized differently by different salmonid species and may serve different purposes.  The 2000 Fish Wildlife Program states that “understanding the conditions salmon face in the ocean can suggest which factors will be most critical to survival, and thus give insight as to which actions taken inland will be the most valuable.”  The Council believes the primary ocean strategy should be to “identify the effects of ocean conditions on anadromous fish and use this information to evaluate and adjust inland actions.”

The Council also recognizes the influences hydropower system operations potentially have on ecosystems below the hydropower system, including the plume environment.  Accordingly, they have adopted a primary hydrosystem strategy of providing conditions within the hydrosystem for adult and juvenile fish that most closely approximate the natural physical and biological conditions, provide adequate levels of survival to support fish population recovery, and support the expression of life history diversity. 

The efforts outlined in this proposal will help determine how critical habitat features within the Columbia River plume benefit juvenile salmon and how they are related to changes in river discharge, timing, and turbidity.

d. Relationships to other projects 

Our research is proposed within the framework of, and benefits from, research that is presently being funded by the Bonneville Power Administration (BPA), titled “Survival and growth of juvenile salmonids in the Columbia River plume”, BPA Project 199801400. This effort intends to characterize, over an extended period, the physical and biological features of the nearshore ocean environment using mesoscale and fine scale oceanographic surveys, develop coupled physical-biological models and perform retrospective assessment of the Columbia River plume as it interacts with coastal circulation.  The effort hypothesizes that variation in the physical and biological conditions of the nearshore environment, particularly that associated with the plume, affects overall survival of Columbia River stocks. Investigators will evaluate the primary factors driving the variation in the nearshore and plume environment, link these to the trophic relationships modulated by these physical variations that affect growth and survival of juvenile salmon, and assess how river management scenarios can affect the plume and benefit salmon growth and survival. 

In addition, three projects currently funded by the U.S. Army Corps of Engineers (COE) have important synergism with our proposal. The first is a study being conducted by NMFS and PNNL of survival through the Columbia River estuary, titled “A study to estimate salmonid survival through the Columbia River estuary using acoustic tags.”  It has the goal of developing miniaturized acoustic tags and concomitant receiving equipment to detect tagged fish in the Columbia River estuary near the mouth and compare the migration timing and survival of various target groups that migrate through the hydropower system.   

A second is designed to define linkages between timing of entry into the nearshore ocean environment and survival, titled “Evaluation of the relationship among time of ocean entry, physical, and biological characteristics of the estuary and plume environment, and adult return rates.” Return rates for serially released groups of coded-wire-tagged yearling chinook and/or coho salmon will be integrated with information derived from BPA Project 199801400 on the plume environment at the time of release.  Understanding the linkages between entry timing and the physical and biological ocean conditions smolts encounter may allow transportation and hatchery release schedules to be manipulated to improve adult return rates.  
The third related project funded by the COE is “Estuarine habitat and juvenile salmon – Current and historic linkages in the lower Columbia River and estuary.” The research team led by NMFS combines academic, state, and federal expertise, including several PIs in this proposal. Their goal is to provide physical and biological monitoring needed to identify associations between salmon and lower Columbia River and estuarine habitats.  They also plan a historical reconstruction of critical salmon habitat using GIS for comparison to present day conditions to gauge factors associated with loss of critical habitats and identify areas for future restoration.  Emphasis is on subyearling chinook salmon.
e. Project history (for ongoing projects) 

None; this is a new start.  However, as described above, related work is being conducted to develop a micro-acoustic tag and estimate survival through the lower Columbia River.

f. Proposal objectives, tasks, and methods
We propose to define salmonid residence and use of the nearshore ocean and plume habitats of the Columbia River using custom micro-acoustic transmitters implanted in juvenile salmonids and their subsequent detection using mobile and fixed hydrophone arrays. We hypothesize that a) interannual, life history (ocean- and stream-type strategies), and biological (size/age) differences impact plume residence; b) residence may vary within season; and c) plume use is patchy, not uniform, and salmonids key on specific oceanographic features associated with the plume, such as fronts.  Understanding how long salmon utilize the plume will be integrated into ongoing studies of how the survival, growth, and health of juvenile salmon is affected by changes in abiotic and biotic characteristics of the Columbia River plume. While we anticipate that a full understanding of residence times and how juvenile salmonids use of the plume will take 5-10 years, the micro-acoustic transmitter technology is sufficiently advanced to investigate this question now.  Our research project has the following objectives:

Objectives
1. Determine plume residence times of ocean- and stream-type juvenile salmon. 

2. Characterize fine-scale spatial use of the plume by ocean- and stream-type juvenile salmon.

3. Integrate results with those from Project 199801400, Survival and growth of juvenile salmonids in the Columbia River plume, to build a comprehensive biophysical model relating Columbia River plume conditions to the growth, distribution, and survival of juvenile salmonids.

Tasks and Methods
Objective 1. Determine plume residence times of ocean- and stream-type juvenile salmon. 

Task 1. A.  Tag target groups.

Juvenile chinook salmon (Oncorhynchus tshawytscha) will be captured and tagged in the Columbia River estuary immediately upstream from the river mouth during three periods (early, middle, and late) of each outmigration season (spring and summer). All fish will be measured to the nearest mm (fork length).  Juvenile salmon will be selected for tagging proportional to their length frequency distribution, representing the entire range in fish size during each sampling period.  Yearling chinook salmon will be purse seined and tagged over three, 2-day periods: early May, mid to late May, and early June.  Subyearling chinook salmon will be captured and tagged over three, 2-day periods in mid to late June, early to mid July, and early August. We will capture, tag, and release 500 fish during each two-day sampling period, or 1,500 each season and a total of 3,000 each year.  Fish will be released mid-channel within two hours of the peak ebb tide to transport the fish immediately into the plume.  This coincides with their natural emigration behavior (Ledgerwood et al. 2000; Schreck et al. 2001), and will prevent plume study fish from being detected on the fixed array located at the mouth of the Columbia River as part of the estuary study.

The micro-acoustic transmitters will be similar to those developed for use in the estuary.  The estuarine tags have a tag life of 30 days and a pulse repetition interval (PRI) of 12 seconds.  This high ping rate was needed to detect fish exiting the mouth of the Columbia River at velocities as high as 6 m/s during freshet conditions and ebb tides at levels sufficient to make survival estimates.  We estimate migration speeds in the plume and up the coastline will be significantly less, based on sustained swimming speeds of 0.6 m/s (Bell 1990) and lower ocean transport velocities, allowing the PRI to be increased to meet our goal of a 2-month tag.  We also expect to detect fish released from the COE funded study of survival from Bonneville Dam to the mouth of the Columbia River, which will increase our sample size without any additional cost to the project.  The plume array (fixed and mobile) software will be developed to recognize tags from both the estuary and plume studies.  

Tags will be implanted using surgical techniques developed for radio tagging juvenile salmon and commonly used by NMFS and others to evaluate passage at Columbia River dams.  We implant 200 radio tags in less than an 8-h day, and believe 250 fish can be acoustically tagged in a day, after adapting the radio-tagging techniques to the acoustic tags (which lack an external antenna that has to be positioned).  Fish will be held in river water for 24 h prior to release for recovery and to monitor tagging mortality.  A total of 5 tags from each sampling period will be held to evaluate tag viability.  A sub-sample of the target fish will be tagged with sham tags and held for two months as control fish for tagging (procedure) mortality.  A full suite of potential biological tag-effects studies are being funded under the COE estuary study based on the approach used to develop passive integrated transponder (PIT) tags, and additional studies are not required or proposed here.  

Engineering efforts by PNNL and NMFS to minimize the tags and develop detection arrays for use in the estuary are ongoing.  Based on the standard frequency shift keying and pulse position modulation techniques used in the encoding scheme, a total of 1024 individual tag codes are currently available.  If limited to 1024 codes, each unique code has to be used three times within each study year to mark the 3000 fish required for the plume study.  This would require the first 1000 fish to have migrated out of the study area prior to reusing the codes again.  We are not confident making this assumption based on our expectation that juvenile chinook salmon may be in the plume for up to 60 days, depending on their life history strategy.  Therefore, additional codes will be required and we will alter the PRI of the tags to have at least 2048 unique tags available for the study. The design of the tag-encoding scheme is a continuing process and ways to further increase the number of codes available are being explored under COE funding.  For example, increasing the encoding slot to 32-bits produces 4096 individual codes using one PRI, which will be explored when we modify the estuary acoustic tag design for use in the plume.  Also, we will monitor detection probabilities and residence time the first year adjust the number of unique codes needed downward if residence times are shorter than expected. 

Task 1. B. Modify the fixed arrays developed to detect micro-acoustic tags in the Columbia River estuary and deploy them across the continental shelf.  

Similar to the process used to develop the estuary array, we will evaluate the physical environment of the plume and nearshore environment using information from BPA project 199801400 or gather additional physical data as required using conductivity, temperature, and depth (CTD) probes for surface to bottom profiles. These data will be input into a shallow-water acoustic propagation model to assess effects of background noise, signal multipath, and vertical salinity and water temperature gradients on signal propagation, attenuation, and ultimately, tag detection range.  Two fixed detection arrays will be designed and deployed, one north of the plume near Grays Harbor and one south of the plume near Cape Meares.  Each will provide comprehensive detection coverage from the surf zone (10 m ) to the edge of the Continental shelf (200 m). Based on our current detection range of 240 m (at the mouth of the Columbia River) the Grays Harbor array will extend 57 km offshore and require approximately 120 receivers, spaced 480 m apart.  The Cape Meares array will extend 28 km offshore and require approximately 58 receivers, spaced 480 m apart.  We anticipate the ocean will not have the same level of ship traffic, flow, and background noise as the estuary, and thus detection range may increase.  However, the estimated number of receivers required is based on the current 240-m detection range.

Two fixed detection array designs will be considered.  The first is an array anchored to the bottom consisting of receiver nodes cabled together and powered by shore power, with data being transported to shore continuously through cabling.   The second is an array of independent receivers, each anchored to the bottom and buoyed so the receiver is near the surface (30 m depth or less), self powered, and data downloaded through telemetry or by bringing the receiver to the surface through a “pop-up” mechanism.  Both kinds of arrays are possible and in use in other applications.  Each has design benefits and disadvantages.  We will conduct an engineering analysis to evaluate both options and select the most feasible and cost effective.  The arrays will be placed on station in April prior to the beginning of the juvenile salmon outmigration season and maintained through September.

The detection efficiency of the fixed arrays will be evaluated at the beginning, middle, and end of the sampling season using active tags towed through the receiving zones.  If the fixed arrays are bottom mounted and cabled to shore, spacing transmitters along the arrays that send repetitive signals to the receiving system will also be used to accomplish quality control.  If a series of independent, buoyed receivers are used, data will be retrieved on a regular basis on a frequency based on data storage limitations, cost, and risk of losing receivers to fishing.  Data will be collected and analyzed throughout the season to ensure the detection systems are functioning.

Task 1. C.  Develop a mobile, towed array and sample the plume.  

We will also conduct mobile sampling in the plume from early May through mid-September.  The fixed array receivers and hardware will be modified for use from vessels.  Prior to each weekly survey daily model forecasts of plume dimensions developed under BPA Project 199801400 will be accessed (Antonio Baptista, OGI at OSHU, Pers. commun., May 2002) and used to generate 1 km transects to form a north-south and east-west grid pattern.  Two vessels will be used, one along each transect pattern.  Both vessels will be equipped with flow through surface water monitors to provide real time characterization of physical oceanographic (salinity and temperature) surface conditions. 

The sampling will be conducted 20 hours a day for three consecutive days each week after the initial release in early May.  Based on a 240-m detection radius and an estimated tracking speed of 4 knots/h, we estimate each vessel will sample 71 km2 (27 mi2) each day.  Scaling this by 6 (2 boats, 3 days each) produces area of 426 km2 (164 mi2) that can be covered each week. The size and shape of the plume is highly variable and dependent on river flow, ocean currents, tidal fluctuations, and what metrics are used to define the plume (salinity, turbidity, and temperature for example).  Trying to estimate a mean plume size expected during our mobile surveys is difficult.  However, daily model forecasts of plume dimensions developed under BPA Project 199801400 are currently available (www.ccalmr.ogi.edu), and it is not uncommon for the plume to extend out 64 km (40 miles) and northerly 113 km (70 miles) to Grays Harbor (Antonio Baptista, OGI at OSHU, Pers. commun., May 2002).  Under these conditions, we would sample 15% of the surface area of the plume each week.  These estimates are based on a conservative estimate of a 4 knots/h array towing speed to ensure flow noise is low and below background (thermal) noise floors.  We will examine the appropriate tow speed during the first year of the study and experiment with various speeds.  However, a preliminary evaluation of expected noise levels suggests noise will be acceptable at tow speeds up to 12 knots/h (Stephen Szender, SAIC, Pers. commun., May 2002).  If this proves to be the case, we will increase towing speed and the proportion of plume area sampled each week to 30 or 45%, depending on the size of the plume. 

The number of fish detected will be increased by sampling north of the mouth (Schreck et al. 2001), monitoring fish caught in the cruise surveys conducted under BPA Project 199801400 for acoustic tags, and monitoring for fish tagged with acoustic tags at Bonneville Dam for the COE funded estuary study. 

Task 1. D.  Data analysis.

We designed the study to sample for tagged fish using both mobile and fixed arrays.  This provides several types of information, opportunities to observe individual fish, and analytical means to assess plume residency and utilization.  To test our hypotheses of interannual, within season, and life history differences in plume usage by juvenile chinook salmon, we will analyze residence time between release at the mouth and detection at the fixed arrays.  We assume that fish detected at the fixed arrays are exiting the plume environment and initiating their migration along the shelf.  To make pairwise comparisons of residence time between groups (e.g., early versus late or ocean- versus stream-type), we will use a 2-sample Kolmogorov-Smirnov goodness of fit test to detect differences (Zar 1999).  To address more detailed questions, such as whether residence time is related to fish length, we will use methods developed by Zabel (2002).  This method assesses the importance of both individual and group covariates (e.g., early, middle, late) on migration behavior.  Data from the mobile arrays will provide additional, qualitative information on utilization of the plume, from which we will infer patterns and trends. We will use data derived from mobile sampling to address the question of whether fish use certain areas of the plume preferentially.  The mobile transects will yield fish density information, e.g., number of fish detected per km of sampling.  We will use a generalized linear modeling (GLM) approach to determine whether fish are differentially associated with physical factors such as temperature and salinity.  We will most likely assume that fish densities follow a negative binomial distribution, but we will test validation of this assumption.

Objective 2. Characterize fine-scale spatial use of the plume by ocean- and stream-type juvenile salmon.

In conjunction with the mobile tracking protocols developed and implemented under Objective 1, we will determine if spatial use of the plume environment is uniform, or patchy and associated with plume features such as front and eddies.

Task 2. A.  Monitor frontal features using mobile arrays. 

Frontal regions will be defined by plume model forecasts generated daily under BPA Project 199801400, U.S. Coast Guard helicopter flight training missions (which have been coordinated and incorporated at times into their training procedures), and real-time measurements of surface salinity profiles from flow-through CTD records.  We will sample the frontal regions at least one day each week from early May through August using the towed arrays developed under Task 1. C., above. Transects adjacent to but outside the frontal boundary, along the front, and adjacent but inside the frontal boundary will be sampled using a blocked design, in a manner similar to that used in BPA Project 199801400.  We will focus on the northerly edge of the plume based on the observation that nearly 80% of juvenile steelhead (O. mykiss) exited the Columbia River to the north (Schreck et al. 2001).  

Task 2.B.  Data analysis.

The mobile transects will yield fish density information, e.g., number of fish detected per km of sampling. The frontal zone will be sampled in a block design in three regions: inside the plume, along the front, and outside the plume.  Using GLM, we will assess whether the fish differentially utilize these three distinct regions.  Finally, since we will sample the fish collected by BPA Project 199801400 for tags, we will determine whether patterns of plume usage vary between our fish and the general population. 

Objective 3.  Integrate results with those from Project 199801400, Survival and growth of juvenile salmonids in the Columbia River plume, to build a comprehensive biophysical model relating Columbia River plume conditions to the growth, distribution, and survival of juvenile salmonids.

A principal hypotheses of BPA Project 199801400 is that interactions of oceanographic and land-based (river flow) processes combine to determine characteristics of the plume environment important to salmon. Under this project, relationships between plume features and the health, growth, and survival of juvenile salmon will be modeled.  Results from our proposal to evaluate how juvenile chinook salmon use and reside in the plume will be integrated into the modeling and analyses of BPA Project 199801400. 

Incorporating data on temporal and spatial use of the plume provides a wider range of models to the BPA project to characterize how the plume and salmon respond to natural and anthropogenic influences.  In particular, we will incorporate residence time into the linked-model approach, and compare scenarios based on primary and secondary production, salmon growth, and salmon survival.  Our goal is to identify ways to improve early-ocean salmon survival, by understanding the interplay of climate, ocean, and river forcing. 

g. Facilities and equipment

The NMFS Pt. Adams Field Station is located near the mouth of the Columbia River in Hammond, OR.  The field station has ample room for the lead project biologist and assistants, high-speed network access, and full maintenance facilities and personnel.  We plan to use contract vessels to conduct the mobile tracking and deploy, retrieve data from, and retrieve the fixed arrays.  The NMFS also has support vessels such as 41’ diesel powered work boats, skiffs, a powered barge for transporting and releasing juvenile salmonids, and a purse seine vessel and net to collect fish in the Columbia River estuary for tagging.
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I am the Project leader coordinating efforts to develop a proprietary micro-acoustic tag and concomitant detection array for survival estimation of juvenile salmonid smolts through estuarine habitats (lower Columbia River and estuary and Lake Washington Ship Canal and Shilshole Bay, Puget Sound).  Following development, the project is expected to involve long-term tagging, tracking and survival estimates of specific target groups to address management strategy alternatives.  I have conducted numerous studies of fish passage at hydroelectric projects, including development of biological design and operational criteria for juvenile bypass system wet separators and evaluation of extended-length guidance screens and attendant vertical barrier screens.  I have also conducted species distribution mapping, population analysis and modeling of [mainly] salmonid stocks in the Tenojoki and Näätämöjoki River drainage (northern Norway-Finland border rivers) in cooperation with International Council for Exploration of the Seas (ICES) policy.  I was responsible for age and growth determination of the field catch (scales, otoliths, and opercular covers for a variety of species) primary analysis and correlation of sample data for reports, funding and management planning proposals, as well as preliminary development of models for juvenile salmonid growth.  While at the University of Washington  I participated in several projects, including migratory behavior and survival of chum salmon (Oncorhynchus keta) in Hood Canal, Washington, juvenile chum salmon predation studies in Big Beef Creek, and research on hatchery and rearing pond management (0.5 to 2.0 million chum salmon eggs). 
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Dr. Baptista has done pioneering research in Environmental Information Systems, including the creation and scientific direction of a multi-purpose environmental observation and forecasting system for the Columbia River estuary and plume, CORIE. Developed in 1996, CORIE is becoming an infrastructure of choice for research and sustainable development issues in the region. Applications include investigation of ocean and estuarine survival conditions for salmon stocks, research on contaminated sediments, analysis of ecological impacts of improvements of navigation infrastructure, and research on environmentally informed control of autonomous vehicles. Dr. Baptista is the PI of the ITR/IM+AP: Quality-Scalable Information Flow Systems for Environmental Observation and Forecasting program (NSF, 2001-2005), and co-PI of the Columbia River Estuary Land-Margin Ecosystem Research program (NSF, 1995-2001).

Selected Publications: 

Baptista A.M. In press. Modern paradigms for modeling and visualization of environmental systems, Enc. of Physical Science and Technology, R. Meyers (Ed.), Academic Press.

Myers, E.P. and A.M. Baptista.  2001. Inversion for tides in the Eastern North Pacific Ocean, Advances in Water Resources 24: 505-519.

Oliveira A., A.. Fortunato and A.M. Baptista.  2000.  Mass balance in Eulerian-Lagrangian transport simulations in estuaries, ASCE Journal of Hydraulic Engineering 126:605-614.

Baptista, A.M., M. Wilkin, P. Pearson, P. Turner, C. McCandlish, and P. Barrett. 1999. Coastal And Estuarine Forecast Systems: A Multi-Purpose Infrastructure for the Columbia River, Earth System Monitor, 9(3): 1-2,4-5,16, National Oceanic and Atmospheric Administration, Washington, D.C.

Myers E.P., A.M. Baptista and G.R. Priest.  1999.  Finite element modeling of potential Cascadia Subduction Zone tsunamis, Science of Tsunami Hazards, 17(1):3-18.   

GORDON R. ROBERTS
12424 Beverly Park Business Center

Suite A-1

Lynnwood, WA  98037

EDUCATION:

Washington University, General Education, 1961 

Navy Technical Training, Electronics and Acoustics, 1963-69

University of Maryland, Science and Mathematics, 1972-73

Shoreline Community College, Communications, Science and Mathematics, Seattle WA, 1984-85

EXPERTISE:

Systems Engineer with 25 years experience in advanced technology marine systems, performing concept design, development, installation, and post delivery support. US Navy submarine service with 18 years operational experience in US Navy Acoustic Anti-Submarine Warfare.  Top Secret security clearance.

PROFESSIONAL EXPERIENCE:

SAIC, Systems Engineer, Lynnwood, WA, 1999-Present

Member of the Juvenile Salmon Acoustic Tracking System (JSATS) concept development and system design team for National Marine Fisheries Service. Designed, coordinated, and executed, multi platform acoustic and environmental tests in support of the design and development of JSATS acoustic salmon tracking and identification system for the NMFS. Member systems engineering team and signal analysis Integrated Product Team (IPT) lead developing acoustic data analysis and data archiving systems for Office of Naval Intelligence.  Principal developer of detailed operations concepts for new submarine systems. 

Raytheon /Hughes/Alliant Techsystems, Senior Staff Systems Engineer,1992 to 1999

Project engineer for operations and maintenance support contract delivering technology improvements, maintenance, and depot support for a Naval acoustic data collection platform and analysis facility. Designed and led the integration, and installation of an acoustic data collection, archiving, and signal processing system.  Systems engineer for the specification, design, development, and installation of a integrated acoustic and environmental sensor system deployed off ships.  Planned, organized, coordinated, and participated in oceanographic surveys for definition of potential marine system installations and test sites.   Systems engineer for the design, and management of interfaces for shipboard Side Scan Sonar, Remotely Operated Vehicle, and Acoustic Data Acquisition sensor systems. 

Honeywell, Development and Test Engineer, 1977 to 1992

Forward site engineering coordinator for installation and acceptance testing of company developed plant management and dynamic positioning systems on semi-submersible oil drilling platforms at construction sites in Japan, Korea and France.  Provided operational support and training aboard submarines for the AN/BQR-21 DIMIS sonar system.  Prepared the concept of operations and man-machine interface design for the engineering development model of the Remotely Operated Vehicle, Mine Neutralization System. 

U.S. Navy, Senior Chief Sonar Technician, Submarines, 1957 to 1977

Performed duties as intelligence collection specialist for the Office of Naval Intelligence (formerly Naval Intelligence Support Center, and Scientific and Technical Intelligence Center).  Provided acoustics-oriented operations and technical support for U.S. Navy submarine, surface, and air anti submarine warfare (ASW) units.  Qualified in submarines on USS Nautilus (SSN 571), USS Halibut (SSGN 587) USS M.G. Vallejo (SSBN 658), and USS Seahorse (SSN 669).

JAMES J. ELDRED 

12424 Beverley Park Business Center

Suite A-1

Lynnwood, WA  98037

EDUCATION:

MSEE, Control Systems, Montana State University, 1968

BSEE, University of Washington, 1966

WORK SUMMARY:

Strong background and expertise in vehicle control system design and stability analysis, including Kalman filter design and analysis, six DOF vehicle and multi-body simulations, signal processing, and optimal methods for algorithm design and software specification to solve specific engineering problems.  An accomplished programmer in C and Fortran. Proficient user of MatLab and Simulink. Secret security clearance.

PROFESSIONAL EXPERIENCE:

SAIC, Senior Systems Engineer, Lynnwood, WA, September 2000-Present

Part of the Juvenile Salmon Acoustic Tracking System project for NMFS including environmental acoustic measurements and analysis, and detection array design.  Expanded the capabilities of an existing suite of static and dynamic models for multiple-body analysis of ocean platforms.  The models couple the characteristics of host platforms (surface and submarine), umbilicals, vehicles (towbodies, ROV/TMS, sleds), and environment models (current, wave, wind, seafloor).  The tool set supports system trade-offs, design, and overall performance prediction of candidate systems.  Similar tools have been adapted for real-time operations support and training functions.

Raytheon/Hughes/Alliant Techsystems, Marine Systems Group, Engineer, Mukilteo, WA  1972 -2000

Responsible for the Mine Neutralization System 6 DOF control system design, integration and test.  Implemented the GPS and ultra-short baseline positioning acoustic system on the Forward Area Combined Degaussing and Acoustic Range (FACDAR) project.  Responsible for the modeling, design, analysis, simulation, and software specification of the OEV automatic position and speed control systems.  Member of the TAGS-45 dynamic positioning design team; responsible for vehicle math modeling, including sensors and effectors, thruster allocation system, speed and position control algorithms, Kalman filter gain settings, and a new adaptive wave frequency tracking and attenuating filter.  Responsible for the Advanced Capability torpedo B Fusing system IIR filter and algorithms.  This required the specification of analog and digital anti-aliasing filters, and digital filters for signal demodulation, and standing wave removal.  Also wrote a scaled integer simulation program for the signal processing system, which was used for system design and verification.  Designed, simulated tested, and performed several sea trials of our commercial dynamic positioning systems in support of offshore oil exploration.  Wrote an adaptive computer program to optimally estimate the coefficients of vehicle equations of motion.

Collins Radio Company, Engineer, Cedar Rapids, Iowa, 1969-1972

Part of the design team for the L-1011 Automatic Flight Control System, reasonable for the Stability Augmentation System and Rudder Crossfeed Compensation Systems.

PUBLICATIONS:

Paper No. 2036, Offshore Technology Conference, 1974.

“Adaptive Control of Thruster Modulation for a Dynamically Positioned Drillship”, co-authored by John S. Sargent, Honeywell Marine Systems Division.

DAVID L. REITZ 

12424 Beverley Park Business Center

Suite A-1

Lynnwood, WA  98037

EDUCATION:

BS in Electrical Engineering, University of Michigan, 1962

Graduate studies in Control Systems, University of Minne​sota and the University of Washington

Short courses in Linear and Nonlinear Estimation, Filter​ing and Smoothing, Advanced Kalman Filtering at UCLA, and Linear Estimation, System Engineering, and Underwater Acoustics and Sonar Systems at Honeywell Marine Systems
EXPERTISE:
Worked for Alliant Techsystems (formerly Honeywell) from 1962-1999.  In Minneapolis – worked for the Aerospace Division and the Systems and Research Center.  Moved to the Marine Systems Division in Seattle in 1975.  Top secret security clearance.

PROFESSIONAL EXPERIENCE:

GRD Associates, Inc, Bellevue, WA, 1990 – Present.  Co-owner of a scientific contracting company which has successfully tracked adult salmon on their return passage through the Chittenden locks using implanted acoustic tag transmitters, and GRD designed and built detection receivers. 

SAIC, Senior Systems Engineer, Lynnwood, WA, 1999-Present.  Developed the Sonar Equation for the Juvenile Salmon Acoustic Tracking System for NMFS, and instrumental in the acoustic testing, analysis, specification, and design of the detection array that will be installed at the mouth of the Columbia river.  Assisted in developing the concept of operations for a multi-vehicle underwater instrumentation and control system.  Directed a hydrodynamic stability analysis of a towed vehicle.  Developed and applied a tool for estimating interface loading for computers on a Local Area Network.  Performed stability analysis for landing and recovering large objects from the sea floor.

Raytheon/Hughes/Alliant Techsystems, Senior Engineering Fellow, Seattle, WA and Minneapolis, MN, 1962-1999.   Worked in the areas of control system design, analysis and specification, simulation system design and specification, optimal estimation, acoustic position reference systems, inertial sensors and navigation systems, analog and digital simu​lation and system testing.  Designed both linear and nonlinear control systems, using analog and digital controllers.  For the past several years, involved in system level trade studies, requirements analysis, requirements allocation and system specification development. Some examples include control and instrumentation systems for subsea cable vehicles designed to bury lightweight fiber optic communication cables, a large Remotely Operated Underwater Vehicle (ROV), and the position and heading of vessels.  I also conducted analyses and designed a Power Management System for a major floating production platform in the North Sea, and designed and simulated a fuzzy logic controller for a ship autopilot.  

Publications:

The Evolution of Control System Computers as Exemplified by a Modern Dynamic Positioning System, Second Interna​tional Offshore Mechanics and Arctic Engineering Symposium

MISCELLANEOUS:

Lecturer at the UCLA Short Course entitled Offshore In​strumentation and Control, 1982

Lecturer at the UCLA Short Course entitled Offshore Navi​gation, Positioning and Control Systems, 1978 and 1979
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Length Distribution

		Fork length distribution of subyearling chinook salmon marked at Bonn PH2 during 2000

		Fork length		6/26/00		6/29/00		7/6/00		7/11/00		Total		Cum. Tot.		%		Cum. %

		80				1		2		3		6		6		0.51		0.51

		81						1		2		3		9		0.26		0.77

		82				2		1		1		4		13		0.34		1.11

		83		1		3		6		1		11		24		0.94		2.04

		84		1				5		2		8		32		0.68		2.72

		85		1		4		11		4		20		52		1.70		4.43

		86				6		5		5		16		68		1.36		5.79

		87		1		5		7		4		17		85		1.45		7.23

		88				13		14		7		34		119		2.89		10.13

		89				4		5		2		11		130		0.94		11.06

		90		4		17		19		12		52		182		4.43		15.49

		91				5		7		1		13		195		1.11		16.60

		92		6		13		13		6		38		233		3.23		19.83

		93		9		22		15		9		55		288		4.68		24.51

		94		10		7		14		8		39		327		3.32		27.83

		95		16		12		17		7		52		379		4.43		32.26

		96		12		8		14		5		39		418		3.32		35.57

		97		9		7		10		7		33		451		2.81		38.38

		98		13		9		7		6		35		486		2.98		41.36

		99		5		4		2		5		16		502		1.36		42.72

		100		10		8		10		8		36		538		3.06		45.79

		101		10		8		11		3		32		570		2.72		48.51

		102		16		13		7		12		48		618		4.09		52.60

		103		10		12		8		7		37		655		3.15		55.74

		104		16		10		7		15		48		703		4.09		59.83

		105		12		15		6		33		66		769		5.62		65.45

		106		17		11		14		22		64		833		5.45		70.89

		107		13		12		8		13		46		879		3.91		74.81

		108		10		8		7		18		43		922		3.66		78.47

		109		10		9		5		15		39		961		3.32		81.79

		110		18		12		5		24		59		1020		5.02		86.81

		111		7		7		1		6		21		1041		1.79		88.60

		112		11		10		2		5		28		1069		2.38		90.98

		113		9		6		4		6		25		1094		2.13		93.11

		114		4		6				6		16		1110		1.36		94.47

		115		6		5		3		5		19		1129		1.62		96.09

		116		7		2				2		11		1140		0.94		97.02

		117		4								4		1144		0.34		97.36

		118		2		2		1				5		1149		0.43		97.79

		119		5						1		6		1155		0.51		98.30

		120		5		1		1				7		1162		0.60		98.89

		121		2								2		1164		0.17		99.06

		122		1		2						3		1167		0.26		99.32

		123		1		1						2		1169		0.17		99.49

		124										0		1169		0.00		99.49

		125		1		1						2		1171		0.17		99.66

		126										0		1171		0.00		99.66

		127										0		1171		0.00		99.66

		128										0		1171		0.00		99.66

		129										0		1171		0.00		99.66

		130		1		1						2		1173		0.17		99.83

		131						1				1		1174		0.09		99.91

		132										0		1174		0.00		99.91

		133								1		1		1175		0.09		100.00
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