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a. Abstract

  The continued existence of salmon populations in a changing environment is likely a function of the combination of phenotypes and habitats that allow the full expression of diverse life histories. The elimination of such diversity, through habitat degradation and hatchery practices, may be a cause as well as a consequence of declining population abundance. 

Estuaries play a critical role in juvenile salmon survival during, and subsequent to, the transition from fresh to salt water. Chinook salmon show the greatest reliance on estuarine habitat for nursery habitats, the most varied pattern of estuary use and the greatest diversity of juvenile life histories among salmonids. During high tide, sub-yearling chinook are scattered along the edges of marshes, and as the tide recedes retreat into tidal channels that retain water at low tide.  These marsh-channels may be particularly important to the sub-yearling fish as both foraging areas and predation shelters. 

The study of marsh-channel habitat utilization by sub-yearling chinook salmon requires new monitoring methods. Traditional methods tend to interfere with fish movement or affect their survival. Conventional radio-telemetry is of limited use on sub-yearling salmonids because of the relatively large tag size. At present, passive integrated transponder (PIT) technology using remote monitoring systems offers a promising method of tagging small fish (> 50 mm) and tracking the movements of individuals in small stream channels.  PIT tagging does not appear to adversely affect survival or growth of fish and its low cost makes it possible to mark large numbers of individuals. We propose to adapt and test this technology to detect sub-yearling chinook salmon in estuarine marsh-channels and apply it to examine their habitat utilization patterns. This study will help determine the usefulness of PIT tag remote detection systems to monitor juvenile chinook salmon survival, stock timing differences and estuarine residency periods.  

b. Technical and/or scientific background

The role of estuaries in the life histories of Pacific salmon has drawn increasing attention as the number of populations recognized as threatened and endangered increase1 and become listed under the Endangered Species Act. Yet, basic and applied understanding of the role of estuaries in the life history of many salmonids remains poor. 


Correlational evidence indicates that estuaries play a critical role in the survival of salmon during their transition from fresh to salt water2-4. This effect is likely to be not only direct (mortality), but also indirect through effects other fitness-related traits (e.g., body size, condition, energetic status) that will dictate subsequent performance. Estuaries are presumed to afford juveniles undergoing freshwater-saltwater transition three advantages: (1) a productive feeding area for enhanced growth; (2) a refuge from marine predation; and (3) a gradual transition zone during physiological acclimation to salt water5-7.

Juvenile salmonids may be found in estuaries of the Pacific Northwest all months of the year, as different species, size classes and life-history types continually move downstream and enter tidal waters from upstream sources. The most varied pattern of estuarine use and greatest diversity of juvenile life-history, however, is shown by chinook salmon8,9. They are probably the most estuarine dependent of salmonid species because virtually all life-history types spend time rearing in estuaries and fry migrants may rely entirely on the estuary for nursery habitats. 

The size of chinook salmon at the time of ocean entry may reflect the various alternative rearing options available to juveniles before they make the complete transition to ocean life. Sub-yearling chinook salmon may begin appearing as fry in estuaries as early as February10-12, with fingerlings following later, sometimes taking over the habitat vacated by the fry13,14. In Oregon estuaries, including that of the Columbia River, there appear to be fewer fry migrants and many more fingerlings, which may reside in estuaries well into October and emigrate at large sizes10,11,15,16. 

In estuaries, rapid changes in salinity gradients, water depths and the accessibility of habitats impose important ecological and energetic constraints that salmon do not experience in fresh water. Thus, salmon must continually adjust their habitat distribution, particularly in shallow-water areas with twice-daily fluctuations and seasonal variations in river flow. There are indications that during high tide, sub-yearling chinook are scattered along the edges of marshes at the highest points reached by the tide and then as the tide recedes, retreat into tidal channels that dissect marsh areas and retain water at low tide14,17,18. There are also indications that distribution19 and diet20 change from day to night. Seasonal changes in distribution appear to, in part, reflect changes in fish size, with larger fish preferring deeper water and being better able to osmoregulate in higher salinities, and in response to increasing temperatures in shallow tidal channels, particularly at low tide7,8. 

Marsh habitats, tidal creeks and associated dendritic channel networks may be particularly important to small sub-yearling chinook as areas of high secondary production of insect and other invertebrate prey; sources and sinks of detritus; and potential refuge from predators due to the complex habitat structure, including sinuous channels, overhanging vegetation and undercut banks7. The growth of chinook that migrate to the estuary appears to surpass that of those that rear in the river (reviewed in Healey8). Estuarine growth is often rapid initially, but decreases in summer and then increases again in the early fall10,21. Slow summer growth may be due to high population densities at this time, increased competition for food and/or high temperatures that reduced growth efficiency. Such density-dependent estuarine growth10,14,16 could affect size at ocean entrance and, through size-specific mortality, ocean survival of migrants. Estuaries may be particularly important in the life history of the salmon migrating through them because they afford the only region of fresh-saltwater transition and shelter before entering an open, unprotected coast.

Conventional thinking has focused on the idea of a single optimal size and time of transition by salmon through estuaries (e.g., the large size of released hatchery smolts to minimized estuarine use), overlooking the important components of salmonid life-history diversity that are likely linked to the diversity of habitats within estuaries. Pacific salmon are well-known for the diverse strategies they have evolved for using available freshwater and estuarine rearing habitats within a river basin22. From the perspective of evolutionary ecology, however, this diversity likely reflects adaptive variation due to condition-, frequency- and/or density-dependent processes that result in multiple optima in terms of migratory timing and habitat use. Elucidating the details about estuarine behavior of salmon can allow us to identify these processes, explain their characteristics and relate them to population responses (cf. Sutherland23). We can then explore the consequences of attrition of life-history diversity, habitat loss and habitat change for populations23,24.

The long-term productivity and resilience of salmon populations to environmental variability may well lie in such life history diversity7,25. The total productive capacity and stability of a population will be a function of the combinations of phenotypes (a result of salmon genotypes interacting with the diversity of biotic and abiotic environments) and habitats that allow for the full expression of behavior, including diverse life histories in estuaries. Thus, the attrition of life-history diversity (e.g., through habitat loss or some hatchery practices) may be a cause, as well as a consequence of declining population productivity and abundance. A primary concern is whether the reduction of this diversity has severely undermined the capacity of populations to withstand large fluctuations, particularly major changes that may accompany global climate change. Marsh-channel networks likely play an important role in maintaining such diversity, acting as critical nursery habitats for many salmonids prior to migrating to sea. However, the actual function of such channels in association with the life history of salmon remains poorly understood. 

 The study of marsh-channel habitat utilization by sub-yearling chinook salmon requires methodologies that neither interfere with movement nor alter behaviors, and are suitable for the changing conditions of estuaries. Traditional fish sampling methods tend to interfere with movement (e.g., traps, counting weirs), and involve repeated capture and handling events (e.g., mark-recapture methods) that alter the spatial distribution and survival of individuals. Furthermore, those methods only provide a crude assessment of migration timing and are unable to reveal important details about fish movement and habitat utilization. Radio-telemetry methods have proven useful in uncovering such details. However, the size and weight of conventional radio-tags preclude their use on sub-yearling fish, and their elevated costs make mass marking programs almost impossible to afford.

Currently small acoustic tags and stationary detection systems are being tested in the estuary of the Columbia River to examine juvenile salmonid migration patterns and characterize estuarine habitat use. This technology promises to be valuable in monitoring fish movement in the open estuary once smaller acoustic tags are developed, and detection systems able to receive tag signals in acoustically complex environments are designed and can be safely installed.      

During the past decade, passive integrated transponder (PIT) technology has been developed as a novel method for individually tagging and monitoring fish, and is increasingly being used to address behavioral questions, from fine-scale movements of individuals in streams to spatial distribution of local populations26-29.  The PIT tag consists of an integrated circuit chip, capacitor and antenna coil encapsulated in a glass cylinder (11.5 x 2.1 mm or 2 x 3.4 mm). Its operation requires an electromagnetic field generated by a reading unit to energize the integrated circuit to transmit a signal to the reader. The tag’s small size allows for the monitoring of small fish (> 50 mm), such as sub-yearling chinook salmon, that cannot otherwise be monitored by radio/acoustic telemetry due to the size of the transmitter and antenna. PIT tagging does not appear to adversely affect survival or growth of salmonids in laboratory and field tests26,27,29. Moreover, the relatively low cost of PIT tags (< $5) makes it possible to mark a large number of individuals in the wild.       

The smaller PIT tags, 11.5 in length, have a detection range of up to 20 cm in water. This has restricted their use to laboratory experiments and to the monitoring of fish migrating through hydroelectric dams26,30. Other field applications of these tags have been limited27,28. In contrast, the larger 23 mm PIT tags can be read 1 m away from the antenna and have been used successfully to monitor juvenile Atlantic salmon movement in small stream channels29 using stationary fish detection systems. The adaptation and validation of this technology to be used on coho salmon, steelhead trout and cutthroat trout in small creeks of the Pacific Northwest is currently been carried out with the financial support of Bonneville Power Administration. Nevertheless, the effectiveness of remote PIT tag detection systems to partition juvenile chinook salmon survival between river and ocean environments, timing differences between stocks, and investigate marsh-channel habitat use and residency periods in the estuary of the Columbia River has not been evaluated yet.  

c. Rationale and significance to Regional Programs

Salmon abundance, size and migration periods in the estuary are all linked to changes upriver or in the ocean that determine which populations and juvenile life-history types survive to enter tidewater. What is the effect of the simplification of the life-history diversity of chinook salmon that appears to have occurred within many river systems, as a result of habitat alteration, including that in estuaries, and hatchery selection and release practices7. If salmon life histories (e.g., migration and rearing behaviors) are tied to specific sequences of habitat in time and space, then population productivity may be lost if these features are changed or eliminated by natural or human causes. Moreover, areas otherwise capable of supporting salmon may remain unoccupied when their connection to other habitats is lost4. Diking and filling activities in estuaries, which are extensive in many intertidal marshes of Oregon31, likely reduced critical habitat and thus rearing capacity for fry and sub-yearling life histories. For example, scale analyses comparing past and contemporary life-histories among Rogue River chinook salmon suggest that a former estuarine-rearing life history may have been eliminated, possibly through human modifications to the small estuary32. The situation may well be similar at the much larger scale of the Columbia River7. While restoration of these estuarine habitats might significantly enhance their productive capacity for salmon, historical changes in population structure and life history diversity may prevent the full utilization of such habitats as they are re-established. Accordingly, efforts to improve or restore the estuary for salmon must be developed in concert with efforts to restore the diversity of salmon life histories (e.g., hatchery and upriver habitat improvements) that can benefit from such restoration7. Hatchery programs now regulate the size, time of arrival, distribution and rearing periods of most salmonids in the estuaries. Thus, it may be that recovery efforts should expand the diversity of both salmon life-history and habitat opportunities to allow for a breadth of successful rearing behaviors. 

The importance of the complex geographic structure and salmon life-history diversity to observed patterns of estuarine residency and habitat use have rarely been considered in salmon research and management (but see e.g., Reimers10). This stems, in part, from a longstanding “production approach” to salmon management and research that assumes that the estuary is a simple migration corridor where mortality factors must be controlled, rather than a productive nursery ground where varied habitat needs of diverse populations and life-history types must be protected7. The shallow habitats typically preferred by smaller sub-yearling salmon have rarely been examined.


Traditionally, population dynamics, and particularly fisheries science, have considered individual cohorts as groupings of homogeneous individuals. This “homogenous-population concept”, however, has likely been unfortunate because it ignores the impact of spatial distribution and phenotypic variation in population dynamics23,33,34. The importance of estuarine rearing to salmon recruitment thus remains poorly understood. Fundamental information about the processes determining growth, survival and variability of juvenile salmon in the estuary is lacking. Without it is impossible to assess the functional significance and potential limitations for juvenile salmonids rearing in estuaries. 



The proposed project directly supports various regional restoration initiatives that have recently emphasized the importance of the Columbia River estuary to salmon recovery and the need for better information about the role of the Columbia River estuary in salmon life history. These initiatives include the All-H paper, the FCRPS Hydropower Biological Opinion, and the Lower Columbia River Estuary Partnership (LCREP). In particular, the project we propose will help test a new methodology in the study of factors affecting salmon migrations and habitat selection in shallow wetlands.  Such habitats are considered important rearing areas for “ocean-type” juveniles that tend to reside in the estuary for the longest periods. This information is needed to define the estuarine habitat characteristics that juvenile salmon seek and that restorative measures should emulate. In this regard, our proposal directly addresses action items in the Hydropower Biological Opinion to determine the benefits to salmon of restoring various estuarine habitats. It also responds directly to recommendations of the recent report of the National Marine Fisheries Service34, which calls for new monitoring to assess salmon life-history diversity and habitat use in the estuary.


Tidal-fresh and brackish wetlands are among the habitats most severely modified or removed from the Columbia River estuary7, but their use by juvenile salmon has not been investigated. Evidence from other Northwest estuaries indicates that these may be critical rearing areas for a variety of salmon life-history types35, 36. The tracking methodology we propose to develop can be applied to many other estuarine habitats, including other forested and shrub sloughs, emergent marsh channels, and smaller tributaries of the Lower Columbia River. It will allow detailed, individual-based study of: (1) estuarine macro- and micro-habitats utilization by fish; (2) effects of biological conditions on estuarine residence times, behavior, growth and survival of fish; and (3) differences in estuarine habitat needs and ecological relationships among life-history types and population structure.  

d. Relationships to other projects 
Current salmonid tracking studies in the Columbia River Basin are designed primarily to assess estuary-wide travel times and movement patterns of large smolts, particularly hatchery fish, which may move rapidly through the estuary channel and may not utilize shallow, peripheral rearing areas. These studies include the NMFS “pair-trawl” study for monitoring movements of PIT-tagged fish at Jones Beach and recent research to evaluate the effects of barging salmon around the Columbia River dams. Our research will complement the coarse-resolution approach used in studies of main-channel areas by evaluating the fine-scale movements of individual fish within intertidal back-water habitats. Validation of the methods in this study will help to support new applications of the technology, including restoration research to assess salmonid responses to tide-gate improvements or dike-removal projects. 

The project will also complement work by USFW ( Zydlewski et al.) in Abernathy Creek, where similar technology is being applied to assess pre-smolt behavior of wild and hatchery salmonids (project 2001-012-00 and proposal 30008). We will be interacting and cooperating with Zydlewski et al. in this novel application of the technology to the estuarine environment. Information gained will provide a greater understanding of the range of applications that such PIT technology may have.  


The proposed project is designed to complement an ongoing NMFS monitoring program in the Columbia River marshes funded by the U.S. Army Corps of Engineers. The NMFS program is sampling populations of fish in selected marsh channels of Russian Island and examples of forested and shrub-dominated sloughs of Karlson Island. The NMFS project is providing new information about species composition, relative abundance, and salmon-prey relationships in Columbia River wetlands and their associations with vegetative communities and physical habitat features. The research we propose here would provide complementary information about the migratory behaviors and life-history pathways of individual fish, including the upstream extent of their movements in marsh channels and the effects of tidal processes and physical features on habitat selection. Through the combined efforts of both projects, we will provide new insight about the factors that determine individual rearing behaviors and how these behaviors are expressed in the patterns of habitat use by the rearing population. This information is needed to define the habitat conditions that successful restoration projects need to recreate. The two projects will sample in the same marsh habitats to directly compare results. Wherever possible, we will share boats and equipment to maximize efficiency and minimize costs.

e. Proposal objectives, tasks and methods
Goal. Our ultimate goal is to determine the role of estuarine marsh channels in the life history of juvenile chinook salmon. More specifically, to identify the processes influencing behavior, growth and life history variability of chinook salmon during their estuarine phase. A functional understanding of these processes that lead to population variability is key to effective management, ensuring long-term maintenance of viable populations. 

This goal falls directly within, and supports the Northwest Power Planning Council (NPPC) strategy of preserving the diversity of life-history characteristics in salmon, which allows populations to withstand environmental fluctuation37. The project will complement a current NMFS program in the Columbia River Estuary, and addresses the need for the development of new methodologies for research and monitoring identified by the Mainstem/Systemwide program for Estuary and Marine Survival37 of the NPPC. Furthermore, our proposal will provide support to Action Items 158, 159 and 196 of the FCRPS Hydropower Biological Opinion37.      


While the standard funding period for Innovative Proposals is 18 months, we request a six month extension (i.e. 24 month funding period). The proposed work requires two full field seasons, including preparation/construction time and data assimilation and analysis time. Given the timing of sub-yearling chinook appearance in the Columbia River Estuary, we do not anticipate being able to survey field sites until February/March 2003. Installation of equipment and pilot testing of monitoring system will not be completed before the end of June 2003. Assuming we do not incur delays, that work schedule leaves insufficient time during the summer and early fall of 2003 to evaluate in detail the efficiency and actual value of this methodology in monitoring complex patterns of estuarine habitat utilization by successive waves of migrating sub-yearling chinook salmon. Therefore, we request the six month extension to allow us to complete an entire spring-fall monitoring season during 2004. The additional time between the conclusion of the field season and the end of December 2004 will be needed to complete analyses of data and report/publication preparation.  

Objective 1.  Test the effectiveness of using PIT tags and remote monitoring systems to track sub-yearling chinook salmon movement in marsh-channel networks.
Hypothesis:  Remote monitoring systems can be effectively installed in marsh-channels to detect the movement of PIT tagged sub-yearling chinook salmon.


Task a. Design and assemble remote PIT tag monitoring systems (both stationary and portable) and select field sites. January – March 2003.


Methods. Three stationary PIT tag readers (Destron, model FS1001) will be designed and assembled using the system employed by Barbin-Zydlewski37 as a template.  The antennae for the stationary systems will be constructed as open coil inductor loops housed in PVC tubing that will be linked to a reader unit and powered by 12V deep cycle marine batteries. Antennae as large as 1x3 m have been tested and found to be highly effective38. Two portable backpack units will also be constructed along the same principles.  Each portable unit will consist of a PIT tag reader (Destron, model FS2001FR/FT) powered by one sealed 12 V battery and will be connected to an antenna wand with an open coil inductor loop (ca. 0.5 m in diameter) at the end.  The stationary units will be used to continuously record the movements of marked fish past fixed points in marsh channels, and the portable units will be used to scan survey marsh channels to validate the efficiency of the stationary detectors. Further validation of the stationary equipment will be conducted using a double antenna array per reader, with both antennae installed approximately within 100-150 m of each other. We will quantify read ranges for the antennae in relation to tag orientation (i.e. measuring the maximum distance that tags held in different orientations relative to the antenna can be detected). This data will be used in conjunction with the field testing to provide estimates of detection ranges and rates.


Russian and Karlson Islands will be surveyed to identify suitable marsh channels for this project and assess possible impacts of installing remote sensing stations in marsh channels (a report will be prepared for ESA consultation). We anticipate using some of the same island marsh channels where NMFS is currently sampling populations of fish on a regular basis.  

Task b. Install stationary monitoring equipment and test its effectiveness to detect small groups of tagged fish in marsh channels. April - June 2003. 


Methods. The stationary detector units will be installed in marsh channels in such a way that tagged fish migrating in and out with tidal cycles pass by the antennae. A minimum of two monitoring stations is needed to determine what direction the fish are moving in. Because some island marsh channels may be open at both ends three monitoring stations will be used to monitor fish movement. Tag reader information will be downloaded to portable computers with a time stamp along with the fish identification such that the timing of immigration to and emigration from the channel can be monitored tidally and daily. Scan surveys using the portable detectors will be conducted every fifth day to validate the operation of the stationary detectors.  


Fish for this pilot test will be captured initially using trap and seine nets deployed within the marsh channels. These techniques have been used successfully earlier both within the Columbia River estuary and elsewhere17. All captured juvenile chinook salmon > 50 mm in fork length will be anesthetized (phenoxyethanol), measured and photographed (video; morphological analyses) and implanted with a PIT tag26. Individuals between 50 mm and 85 mm in fork length will receive 11.5 mm tags (Destron), whereas those > 85 mm will receive 23 mm tags (Destron). The fish will then be allowed to recover in a small holding container in the estuary at the site of capture for at least 30 minutes to ensure full recovery prior to release on a rising tide. Small groups of tagged fish will be released in the channels and directed towards the stationary monitoring systems to evaluate their tag detection capability.    


In conjunction with the field testing, we will also assess tag retention. Tag retention in the field will be assessed by double marking fish, i.e. PIT tagging as well as an external visible mark (Alcian blue applied to the caudal fin). In doing so, we will be able to assess the frequency of PIT tag loss during recapture of individuals. The laboratory study will be conducted in the Dr. Fleming’s aquarium facility at the Hatfield Marine Science Center where 40 chinook sub-yearlings of varying size will be tagged and another 40, matched for size, will act as untagged controls. Tag retention, growth, condition and mortality will be assessed over a 2 month period.

Objective 2.  Assess the long-term effectiveness of PIT tags and remote monitoring systems to study sub-yearling chinook salmon marsh channel tidal, daily and seasonal utilization in relation to individual size and origin (wild and hatchery).


Hypothesis:  Remote monitoring systems can be used on a long-term basis to establish the marsh channel habitat utilization pattern of PIT tagged sub-yearling chinook salmon in relation to individual size and origin. 


Task a.  Implant PIT tags in sub-yearling chinook salmon of different size, condition and origin (wild and hatchery) and monitor their utilization of marsh channel habitats. July – October 2003, repeated in May – October 2004.

Methods.  After the remote monitoring systems are installed and their detection capability tested with small numbers of fish, a full seasonal examination of the operation of the system will be undertaken. Large numbers of fish (a minimum of 800 individuals in 2003 and 800 in 2004) will be tracked using both the stationary and the portable tag reading equipment.

Trap nets will be deployed across the marsh channels on a once weekly basis to capture and tag new fish that have entered the system, and recapture and measure fish that have remained 

resident. All fish captured will be identified to species, counted, measured (length and weight) and released at the site of capture. In addition, all juvenile chinook salmon > 50 mm and without a PIT tag will be anesthetized, photographed and implanted with a PIT tag. Individuals between 50 mm and 85 mm in fork length will receive 11.5 mm tags (Destron), whereas those > 85 mm will receive 23 mm tags (Destron). The fish will be kept for 30 minutes in a holding container to ensure full recovery prior to release at the site of capture on a rising tide. 


While the 2003 season will provide baseline information on the functioning of the technology in the estuarine environment, it will not provide the season-long assessment required. Thus, the 2004 field season really represents the actual testing of the operation of the system under the natural conditions of varying fish sizes/ages, flows, temperatures, etc. The 2004 season would be initiated in February/March and continue through August/September. The methodology for this work will follow that established the previous year. This second year would also allow us to assess whether we detect fish PIT tagged further up the Columbia system (i.e. one-year-old smolts, mainly of hatchery origin) entering the marsh channels. We will collect representative samples of salmonid scales and otoliths to use in future comparative studies of life histories of juvenile salmon collected from different habitat types. We will contribute to the long-term scale collection that NMFS is planning for the lower estuary to obtain information about the performance of estuarine-rearing salmonids based on the variety of life histories present among all outmigrants. We will also collect otoliths samples for future micro-chemical analysis of Sr/Ca to establish a time marker for the time of entry and duration of estuarine residence among representative samples of juvenile salmon. This information will be used to compare estuarine rearing patterns of salmon to identify any important differences in habitat use associated with different juvenile life histories. 

Task b. Analyze data and communicate results (analyze data, prepare publications, and give presentations in workshop and conferences).

Methods. Sampling efficiency of the trap nets will be quantified at each site by releasing marked fish at high slack tide above the traps to measure recovery rates at low tide when the channels dewater. Analyses will assess the phenotypic diversity of salmon using the marsh channels, including the range of sizes, times of entry and duration of residency. Moreover, relationships (i.e., environmental conditions) affecting size characteristics, behavior, residence times, growth, habitat use and performance of juvenile salmon in the estuary will be examined. Parametric tests (frequently multivariate) will be used where possible and if the data do not meet the requirements for parametric analyses, transformation will be considered (e.g., log, arcsine, square-root), otherwise nonparametric tests will be used. Analyses will also consider temporal and spatial patterns within and between estuaries, and thus our experimental design is such that the studies in the channels and between the estuaries are to be conducted in parallel, controlling for temporal variability (i.e. seasonal and year-to-year). Power analyses will be conducted to quantify the strength of inference. Specific growth rate will be calculated and because of the strong influence of body size and temperature, adjusted growth rates will also be calculated. Data on growth rate will be linked to previously and ongoing work on temporal patterns of diet and food production. 


A special demonstration workshop on remote monitoring of PIT tags will be offered to biologists working in the Columbia Basin. Project results will also be presented at conferences and published in the peer-reviewed literature. 

f. Facilities and equipment
The Coastal Oregon Marine Experiment Station at the Hatfield Marine Science Center (HMSC) and Department of Fisheries and Wildlife, Oregon State University will provide the laboratory and office space for the project. The aquarium facility of Dr. Fleming at HMSC will be used for the laboratory study of tag retention. We will integrate our activities with the NMFS monitoring program in the Columbia River marshes funded by the U.S. Army Corps of Engineers. Wherever possible, we will share boats and equipment to maximize efficiency and minimize costs.
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PI.  Ian A. Fleming, Associate Professor, OSU.

Area of expertise:  Evolutionary Ecology of Fishes.

FTE/hours dedicated to project: 640.

Responsibilities: Project and field crew supervision, site selection, detection system design and installation, supervision of fish trapping and PIT tagging process, assessment of migratory behavior and habitat utilization, data analysis evaluation and results communication.

Co-PI. Guillermo Giannico, 
Assistant Professor, OSU.





Area of expertise: Fish Ecology and Behavior.

FTE/hours dedicated to project: 640. 

Responsibilities: Co-supervision of project and field crew, supervision of fish trapping and PIT tagging process, supervision of tag retention study, assessment of habitat utilization, data analysis evaluation and results communication.

Co-PI. Dan Bottom, Research Fisheries Biologist, NMFS

Area of expertise: Estuarine Ecology.
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Responsibilities: Advise on site selection and detection system installation, migration timing, and field conditions.

Graduate Research Assistant (to be named).

FTE dedicated to project: 0.49 per year.

Responsibilities: Carry out data gathering and analyses, including fish trapping, PIT tagging, operating detection stations, conducting surveys with the portable detection system, habitat characterization and other field related work.
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Hours dedicated to project: 8 months.

Responsibilities: Provide support for the field component of the study and to work directly with the Graduate Research Assistant, aiding him/her in data collection and maintenance of the monitoring system.
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E-mail: 
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Ph.D., Zoology/Salmonid Behavioural Ecology, University of Toronto, Canada. 1991




M.Sc., Biology, Simon Fraser University, Canada. 1986.




B.Sc. Honours, First Class, Biology, Queen's University, Canada. 1983
EMPLOYMENT: Associate Professor, Coastal Oregon Marine Experiment Station and Department of Fisheries and Wildlife, Oregon State University (2001-present); Adjunct Professor, Norwegian Institute for Nature Research (2001-present); Adjunct Professor – Department of Biology, University of Waterloo, Canada (1999-02); Research Scientist I, Norwegian Institute for Nature Research (1999-00); Research Scientist II, Norwegian Institute for Nature Research, Norway (1994-98); Postdoctoral Visiting Scientist, Norwegian Institute for Nature Research (1991-93).

EXPERTISE: 

Evolutionary ecology of fishes, especially salmonids, and the significance of behavioral and life history diversity in population resilience and stability. Quantifying selection and maternal effects in shaping salmonids populations and life history variation. Linking behavioral and population ecology through individual-based approaches to better understand population processes and provide management advice concerning habitat preservation and restoration. Quantifying fitness consequences and interactions between cultured (hatchery and farm) and wild salmon. Dr. Fleming has extensive experience working with both Pacific and Atlantic salmonids, having worked in the US, Canada and Norway. 

PROFESSIONAL RECOGNITION:

1998.
   Mobility Scholarship for Senior, Established Researcher, Nordic Academy for Advanced Study.

1996.
W.F. Thompson Award, American Institute of Fishery Research Biologists.

1991.
University of Toronto Open Fellowship.

1987-89.
Postgraduate Scholarship, Natural Sciences and Engineering Research Council of Canada.
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Einum, S., Fleming, I.A., Côté, I.M. and Reynolds, J.R. Population stability in salmonid fishes: Effects of population size and female reproductive allocation. Canadian Journal of Fisheries and Aquatic Sciences, in press.
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Licenciatura en Biologia, Universidad Nacional de La Plata, Argentina. 1983
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Assistant Professor - Department of Fisheries and Wildlife, Oregon State University. 2001-present

Research Associate - Institute for Resources and Environment, University of British Columbia. 1999-2000.

Postdoctoral Research Fellows – Westwater Research Center, University of British Columbia. 1997-1999.


EXPERTISE:  Fish behavioral ecology, in particular the role of foraging strategies on juvenile salmonid spatial distribution and habitat selection using individual-based models. Evaluation of the effects of land use practices on salmonid habitat and on population structure and dynamics. Restoration of salmonid stream habitat and of coastal wetlands. Watershed management coordination and public education projects in different regions of British Columbia. 
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1993-1995
GREAT Award.  Science Council of British Columbia.

1992
Walter W. Jeffrey Memorial Award.

1990-1992
Natural Sciences and Engineering Research Council of Canada (NSERC) Postgraduate Scholarship.
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Giannico, G.R. 2000. Habitat selection by juvenile coho salmon in response to experimental manipulations in natural stream reaches. Canadian Journal of Fisheries and Aquatic Sciences 57: 1804-1813
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Daniel L. Bottom, Research Fisheries Biologist

National Marine Fisheries Service


Phone: (541) 867-0309

Hatfield Marine Science Center
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EDUCATION: 
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Botany, Duke University (1972)

M.S. 
College of Marine Studies, University of Delaware (1975).
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Estuarine Ecologist, Fish Ecology Program, Northwest Fisheries Science Center, National Marine Fisheries Service, 1999 to present; Monitoring Coordinator for the Oregon Plan for Salmon and Watersheds, Oregon Department of Fish and Wildlife, 1997 to 1999; Faculty (courtesy), Fisheries and Wildlife Department and College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR, Sept. 1996- present; Project Manager, Pacific Rim Salmon Study, Center for Analysis of Environmental Change, Oregon State University, Corvallis, OR,  1993-1997; Fisheries Research Project Leader, Oregon Department of Fish and Wildlife, 1977-1999.

Expertise: I have designed and conducted fisheries research in freshwater, marine, and estuarine environments, including studies of salmonid habitat requirements in streams and estuaries, the effects of ocean conditions on salmon production, and the status of salmon stocks across their entire North Pacific distribution. I have participated in scientific reviews of Columbia River management programs including the Independent Scientific Group’s review of the scientific basis for the Columbia Basin Fish and Wildlife Program. I was a member of an interdisciplinary research team recently organized by the National Marine Fisheries Service (NMFS) to assess the effects of the hydropower system on salmon and salmon habitat in the Columbia River estuary. I am currently co-principal investigator for an ongoing study of the effects of salt-marsh restoration on salmon populations in the Salmon River estuary (central Oregon coast) and for a new NMFS monitoring program that will assess fish-habitat relationships in the Columbia River estuary. 
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