RESPONSES TO ISRP REVIEW COMMENTS 
Lower Columbia River Estuary Partnership, July 14, 2006

Project # 200300700 – Lower Columbia River and Estuary Ecosystem Monitoring

1) ISRP COMMENT: The overall design of the project is dependent on a positive relationship between habitat quality/habitat quantity and survival of juvenile salmonids in the estuary. There is, however, no work proposed that will define that relationship.

RESPONSE: The Ecosystem Monitoring Project’s goals are to create a consistent approach to protocol development and status and trends monitoring of estuarine habitats. We do however, acknowledge the importance of defining the relationship between habitat quality/habitat quantity and survival of juvenile salmonids and believe the underlying intent of our monitoring efforts is to assess important attributes that potentially influence juvenile salmon survival.  For example, by characterizing vegetation; assessing water quality parameters, such as temperature and dissolved oxygen; measuring specific toxics in the water column, sediments, salmon, and their prey; and monitoring salmon prey quantity at tidally influenced wetlands, the Ecosystem Monitoring Project is providing information on potential juvenile salmonid habitats and factors that could limit salmonid opportunity in these habitats.  Through the Ecosystem Monitoring Project, interannual variability of habitat characteristics will also be monitored at tidally influenced wetlands, which in turn can help improve the understanding of the linkages between habitat quality/quantity and juvenile salmon survival.
It is clear from results emerging from research conducted by NOAA/UW, PNNL/NOAA/CREST and others that the metrics the Ecosystem Monitoring Project has chosen for monitoring are linked to salmonid habitat opportunity, such as temperature and dissolved oxygen, and salmonid habitat capacity, such as prey quantity and vegetation that may be key limiting factors in the system (Bottom et al., 2005; Roegner et al., 2005).  For some of the metrics (e.g., temperature, dissolved oxygen, and certain toxicants), levels or concentrations associated with sublethal health effects or an increased risk of mortality in salmon are fairly well-defined (e.g., Meador et al. 2002; Arkoosh and Collier 2002; Baldwin et al. 2003; Sandahl et al. 2005; Bechvar et al. 2005; Bottom et al. 2005) so likely impacts on salmon survival rates can be inferred, and impacts on abundance can be examined through population modeling (Loge et al. 2005; Spromberg and Meador 2005). The Ecosystem Monitoring Project is developing this type of analysis as part of our current water quality and toxics monitoring program and it can be applied to data as part of the proposed monitoring for FY07-09. The Estuary Partnership will also include sampling for salmonid occurrence and various metrics associated with salmon growth and condition (e.g., length, weight, body lipid profiles and content, plasma chemistry) that can be predictive of future survival (Biro et al. 2004; Finstad et al. 2004).  This information will help to define characteristics of habitats that best support juvenile salmon. 

Other research and monitoring efforts are providing information on other monitored metrics that can be linked to juvenile salmonid survival estimates through mark and recapture and other methods, such as Project number: 200301000 led by NOAA, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat.”  This project is providing much-needed information about how juvenile salmon are using diverse estuarine habitats and could complement habitat monitoring information collected by the Ecosystem Monitoring Project. 

Sharing of complementary data from the Ecosystem Monitoring Project’s efforts and from NOAA’s research on juvenile salmon is planned within this proposed program.  The Ecosystem Monitoring Project and NOAA have agreed to share data results and to attempt to coordinate sampling locations between these two projects.  Potential opportunities for co-locating sampling locations include Wallace Island and Lord Island areas, which are already being sampled by the NOAA/UW team. This coordination will enable the Ecosystem Monitoring Project to provide data on parameters that are not assessed as a part of NOAA’s growth, abundance and distribution work as well augment NOAA’s research with salmonid abundance and distribution information at sites where NOAA/UW are not sampling.  The Ecosystem Monitoring Project will provide information on monitored metrics that may be contributing to decreased salmonid survival, such as salmon distribution and abundance, vegetation and prey in shallow water habitats at sites where NOAA/UW are not sampling, and water quality information, including the occurrence of toxics known to impact salmonid immune systems, growth and fecundity.  In turn, NOAA would provide data on salmonid distribution and abundance patterns, and genetics information that will supplement and expand similar information being colleted as part of the Ecosystem Monitoring Project. Through sampling within the same space and time, we expect to develop a powerful dataset that will be used for, among other purposes, linking habitat conditions with salmonid abundance, distribution, growth and condition, all of which are attributes that can improve our understanding of the relationship between habitat quality/quantity to juvenile salmon survival.  This type of coordinated research leverages resources of expertise and funding and focuses these resources on the key question of what factors affect salmonid within the estuary. These results should provide a basis for ecosystem-based management decisions regarding habitat preservation and restoration and hydrologic control of the system.
2) ISRP COMMENT: The measurements of fish health/condition do not address survival at the population level. The proposal would be improved by the presentation of options, or at least discussion ideas, on how to move forward in addressing habitat-survival relationships.

RESPONSE: One of the ways in which population-level effects will be addressed is through application of the population modeling tools developed as part of the first three years of the Ecosystem Monitoring Project.  The current models link predicted or measured contaminant body burdens or exposure levels in specific salmon stocks to potential adverse health effects in individuals, and model the consequences of those impacts on population growth rates and related parameters associated with stock viability. Two complementary population modeling approaches are currently being applied: one that examines exposure and effects based on exposure ranges of individual fish (Loge et al. 2005), and another that uses a Leslie matrix to extrapolate population level effects from growth and mortality rates for age or stage classes of fish (Spromberg and Meador 2005, 2006).  Metapopulation modeling tools may be especially useful to get a sense of how different subpopulations and habitat areas with different levels of disturbance or toxicants might contribute to overall stock survival.  An example of this type of model is presented in Spromberg and Johnson 2006 (in review). In the FY07-09 proposal, the Ecosystem Monitoring Project plans to expand these models where possible to include impacts of physical environmental factors and other habitat metrics to be measured in the proposed monitoring program.  Relationships between several of the health metrics we plan to measure, such as  body lipid content, and growth rate and survival of individual salmon have been defined in previous studies (Biro et al. 2004; Finstad et al. 2004) and can also be incorporated into the population models.  Effects of toxicants would be extrapolated from laboratory studies and field surveys conducted by NOAA Fisheries and other research groups that provide data on dose-response relationships for key contaminants and health effects endpoints related to growth, reproduction, and survival.

Other research and monitoring efforts are providing information on other monitored metrics that can be linked to juvenile salmonid survival estimates through mark and recapture and other methods, such as Project number: 200301000 led by NOAA, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat.”  This project is providing much-needed information about how juvenile salmon are using diverse estuarine habitats and could complement habitat monitoring information collected by the Ecosystem Monitoring Project.
Sharing of complementary data from the Ecosystem Monitoring Project’s efforts and from NOAA’s research on juvenile salmon is planned within this proposed program to expand the  understanding of how important habitat attributes can potentially influence juvenile salmon survival, which can then be incorporated into the population models. 
3) ISRP COMMENT: There are a number of other methodological questions that need to be addressed, most notably those related to determination of growth.

RESPONSE: The Ecosystem Monitoring Project plans to use several approaches to test for impacts on fish growth and metabolism.  The most basic is monitoring fish length, weight, and condition in field collected fish, and examining changes among sites and over the sampling season.  However, we also plan to do otolith analyses on a subset of fish to obtain estimates of growth rates.  Stock identification information would be available for the fish to be tested, so that we have an idea of their migration history.  Additionally, lipid content and lipid classes in whole bodies of salmon, and several blood chemistry parameters, such as albumin, glucose, lipase, and triacylglycerols will be measured to help characterize the metabolic status of the fish.  In a previous study, Meador et al. (2006) found that exposure to contaminants, specifically PAHs, that we know are present in the Columbia River, can cause changes in these measurements that are similar to those observed in starving animals, even though fish are actively feeding.  This suggests that contaminant exposure may interfere with the ability of the fish to utilize food resources effectively.  Finally, concentrations of an insulin-like growth factor in plasma samples will be measured.  This hormone has a major role in the regulation of growth and metabolism, and appears to correlate well with growth rates in subyearlng salmon, based on previous studies (Beckman et al. 2004).  Lipid classes would be measured by a thin layer chromatography/flame ionization detection (TLC/FID) microlipid method (Ylitalo et al. 2005), and plasma chemistry would be measured using automated blood chemistry analyzer, as described in Meador et al. (2006).  The Insulin-like growth factor would be measured by radioimmunoassay as described in Beckman et al. (2004). We hope to do some preliminary testing of these measurements on samples collected in 2005 to identify those that are most useful in characterizing the growth and metabolic status of fish.  Our final work plan would emphasize the measures that were most effective.  

4) ISRP COMMENT: The habitat characterization using catenas is an innovative approach to classification but it is not put in the context of existing systems such as USFWS's Cowardin system or vegetation-based systems that may be used by USFS.

RESPONSE: The Lower Columbia River and Estuary Ecosystem Classification (Simenstad et al., 2005) is not intended to be a substitute for or replace the Cowardin or other vegetation-based classification systems.  In fact, the base level (Level 6) provides the fundamental vegetation (and other land cover) classified data that could be used for a coarse-resolution classification that can be compared to or ‘cross-walked’ to the Cowardin and many other such classifications.  However, the ecosystem classification system is based upon many more ecosystem attributes than vegetation, specifically hydrology and geomorphology.  In particular, the Level 3 (Ecosystem Complex) and Level 4 (Geomorphic Catena
) delineate ecosystem structures that are direct measures of ecosystem structure (e.g., disturbance, landscape connectivity, etc.) that are linked to the underlying ecosystem processes, rather than just vegetation classification.  Thus, we believe that, in addition to providing comparability at its basic level to Cowardin and other common classification schemes, this classification may provide a more meaningful ecosystem organization and assessment tool than just vegetative (and other) cover.
5) ISRP COMMENT: To assess the effects of contaminants in food webs on juvenile salmon integrated laboratory studies should be done in simulated lower Columbia River estuary conditions, e.g., turbidity. Extrapolation from lab studies done under other conditions is not appropriate.

RESPONSE: It is certainly true that other environmental factors, such as turbidity, pH, and dissolved oxygen, can influence the bioavailablity and toxicity of various contaminants, or act as additional stressors that increase the severity of biological effects.  However, it is rarely possible to adjust for all of these elements in laboratory exposures, and only limited studies have been conducted on the effects of toxics in combination with other physical environmental stressors.  Moreover, much of the information we are using to evaluate the likely toxicity of contaminants to salmonids is based on threshold effect concentrations in tissues, values that would not be influenced so much by environmental conditions. The Ecosystem Monitoring Project is beginning to estimate the potential impacts of toxicants on salmon health and survival in the estuary, using the best information that is currently available. Although the Ecosystem Monitoring Project will carefully screen the studies we use for our risk analyses for appropriateness and data quality, it is unrealistic to expect they would exactly replicate the environmental conditions that fish would encounter in the lower river and estuary.  

6) ISRP COMMENT: How will stomach volume be estimated?

RESPONSE: Stomach fullness would be estimated by visual examination during fish necropsy.  However, the Ecosystem Monitoring Project will base dietary analysis primarily on a weight basis rather than a volume basis, because this is more suited to one of our goals, which is to better understand the potential dietary sources of contaminants affecting fish in the lower Columbia River and estuary. Individual prey items will be measured (at least head capsule width, and if possible body length), and pre-digested weights will be estimated using published length-weight regression equations (Johnston and Cunjak 1999; Sample et al. 1993). Descriptive statistics (e.g., proportion of diet that is herbivorous and of terrestrial origin) will be calculated by number and by weight (Bowen 1996). 

During Year 4 of the Ecosystem Monitoring Project (September 1, 2006 to August 31, 2007), taxonomic analyses will be conducted using these methods from samples collected as part of the juvenile salmonid sampling in 2005.  This will provide a good opportunity to test the methodology and identify any changes that should be made in collection techniques before additional work is initiated.  There are 14 diet samples total; seven from May 2005 and seven from June 2005. Because each sample is a composite of stomach contents from approximately 10-15 fish per site, analyses will reflect general feeding behavior at that site and time but will not reflect individual fish feeding behavior.  These taxonomic and life history data will complement analyses of contaminants in fish (stomach, tissue and bile) and in the environment (water and sediment) collected concurrently. The Ecosystem Monitoring Project’s expectation is that variation in the taxonomy and/or relative proportions of prey may explain in part the variation in contaminant concentrations found in fish stomach contents, tissue and bile.

7) ISRP COMMENT: Methods for assessment of growth need to be better explained and justified. It seems that growth will be assessed by differences in sizes of fish caught near Bonneville and those caught further downriver. One assumption behind this method is that all fish near Bonneville will be the same size. This is highly unlikely. Hatchery and wild stocks, fish from different tributaries, and fish that have spent different amounts of time growing upriver likely will contribute to size variation near Bonneville which will confound growth estimates. In addition, fish caught in the estuary may have originated below Bonneville. Growth estimates from otoliths, although having their own problems, would be preferable. 

RESPONSE:  The Ecosystem Monitoring Project is planning to estimate growth from otoliths as part of this project.  Also, genetic stock of origin will be determined for fish collected, so that we will have some information on the general areas where the fish have come from, and their likely migration history.  This will help differentiate between fish originating near Bonneville and those originating from sites closer to the estuary.

To complement otolith analyses and measurements of fish length and weight, the Ecosystem Monitoring Project plans to monitor other indicators of metabolic status. These include lipid content and lipid classes in whole bodies of salmon, and several blood chemistry parameters, such as albumin, glucose, lipase, and triacylglycerols.  In a previous study, Meador et al. (2006) found that exposure to contaminants, specifically PAHs, which are known to be present in the Columbia River, can cause changes in these measurements that are similar to those observed in starving animals, even though fish are actively feeding.  This suggests contaminant exposure may interfere with the ability of the fish to utilize food resources effectively.  Finally, concentrations of an insulin-like growth factor in plasma samples will be measured.  This hormone has a major role in the regulation of growth and metabolism, and appears to correlate well with growth rates in subyearling salmon, based on previous studies (Beckman et al. 2004).  Lipid classes would be measured by a thin layer chromatography/flame ionization detection (TLC/FID) microlipid method (Ylitalo et al. 2005) and plasma chemistry would be measured using automated blood chemistry analyzer, as described in Meador et al. (2006).  The insulin-like growth factor would be measured by radioimmunoassay as described in Beckman et al. (2004). We hope to do some preliminary testing of these measurements on samples collected in 2005 to identify those that are most useful in characterizing the growth and metabolic status of fish.  Our final work plan would emphasize the measures that were most effective.

8) ISRP COMMENT: “To assess the effects of contaminants in food webs on juvenile salmon integrated laboratory studies should be done in simulated lower Columbia River estuary conditions, e.g., turbidity.  Extrapolation from lab studies done under other conditions is not appropriate.  This project is a complex and expensive project requiring significant coordination, and there may be overlaps with other studies and agencies. For example, are there similar contaminant projects underway by EPA?

RESPONSE:  To our knowledge, there are no other contaminant projects in the lower Columbia River and estuary being undertaken by the EPA that are monitoring contaminant levels in the water column, sediment and juvenile salmonids.  We are however, aware of site-specific contaminant monitoring being conducted in the Willamette River near the Portland Harbor, and near Bonneville Dam at Bradford Island as part of contaminant clean-up actions.  The EPA’s Environmental Monitoring Assessment Program (EMAP) has collected data on contaminants in sediments and fish at several locations in the Columbia River, but these studies have focused primarily on contaminant concentrations in resident fish (Hayslip et al., 2006).  Similarly, EPA’s joint study with the Columbia River Inter-Tribal Fish Commission on contaminants in tissues of edible fish did not include juvenile salmon as a target of monitoring (Cirone et al., 2002).  

EPA, NOAA, USGS, the Lower Columbia River Estuary Partnership, Washington State Department of Ecology, Oregon Department of Environmental Quality, Department of Energy, and the Columbia area tribes (e.g., Yakima and Umatilla tribes) are now working jointly to coordinate toxics monitoring efforts under the Columbia River Toxics Reduction Strategy. This strategy is developing a more integrated long-term monitoring and toxics reduction program in the Columbia, so that agencies and organizations are coordinating sampling locations and sharing data results and information on ongoing work to ensure that studies are complementary and not duplicative.

In response to the comment about extrapolating from laboratory studies, it is certainly true that other environmental factors, such as turbidity, pH, and dissolved oxygen, can influence the bioavailability and toxicity of various contaminants, or act as additional stressors that increase the severity of biological effects.  However, it is not possible to adjust for all of these elements in laboratory exposure experiments, and studies assessing effects of multiple stressors on salmon are rare.  Moreover, much of the information the Ecosystem Monitoring Project is using to evaluate the likely toxicity of contaminants to salmonids is based on threshold effect concentrations in tissues, values that would not be influenced so much by exposure route or other environmental variables. Although the Ecosystem Monitoring Project will carefully screen the studies used for our risk analyses for appropriateness and data quality, it is unrealistic to expect they would exactly replicate the environmental conditions that fish would encounter in the lower river and estuary.
9) ISRP COMMENT: What are the risk models for salmon?

RESPONSE: The Ecosystem Monitoring Project is developing three types of models related to the transport, uptake, and ecological risk of toxics to salmonids in the lower Columbia River and estuary as part of our current monitoring work effort, which will be completed in August 2006.  These models include 1) a conceptual model of contaminant exposure and risk for juvenile salmon, 2) exposure and bioaccumulation models and 3) an ecological risk model that links predicted or measured contaminant body burdens or exposure levels in specific salmon stocks to potential adverse health effects in individuals, and models the consequences of those impacts on population growth rates and related parameters associated with stock viability using population modeling techniques. 
The first model, “A Conceptual Model of Contaminant and Endangered Salmonid Species Interactions” is being used as a basis for informed decisions regarding efficient environmental monitoring and risk assessment for salmonids.  The conceptual model provides a qualitative description of contaminant exposure and associated risks to listed salmon in the Columbia, and identifies the chemical stressors that salmon encounter throughout their life-histories, the likely sources of exposure, the physical and biological factors that influence their exposure, and the potential effects of these contaminants on their health and survival. The conceptual model also provides a framework for a quantitative assessment of contaminant exposure levels and responses in salmon, which is being conducted in the other two types of models: the contaminant transport and uptake and ecological risks models. 

The Contaminant Exposure and Bioaccumulation Models build on the conceptual model and assist in determining the potential sources of contaminant uptake by juvenile salmon in the lower Columbia River and estuary. These models use the collected data on contaminant concentrations in water, bed and suspended sediments, salmon prey, and salmon to develop quantitative exposure profiles for the different salmon stocks that utilize the lower Columbia River and estuary, and to identify major contaminant sources and locations where exposure may occur (e.g., freshwater vs. estuary; hatchery feed vs. prey in the environment).  Two types of bioaccumulation models are being explored: Trophic Trace, an existing model, developed by the Army Corps of Engineers; and a second, original model that applies more specifically to outmigrant juvenile salmon, incorporating non-equilibrium exposure conditions characteristic of species with short residence times at individual sites. Various uptake mechanisms and scenarios are being examined with the models, and results for bioaccumulative contaminants will be compared to actual contaminant body burdens measured in juvenile salmon from the Columbia to identify the scenarios that best account for exposure patterns observed in the field. 
Finally, the Ecological Risk Model links predicted or measured contaminant body burdens or exposure levels in specific salmon stocks to potential adverse health effects in individuals, and models the consequences of those impacts on population growth rates and related parameters associated with stock viability.  Contaminant data are being collected as part of the current work of the Ecosystem Monitoring Project; and information on health impacts of contaminants is derived from past and current laboratory studies conducted by NOAA and other research groups that explicitly link the dose of a contaminant to specific health outcomes (e.g., Arkoosh and  Collier 2002; Baldwin et al. 2003; Beckvar et al. 2005; Meador et al. 2002, 2006; Sandahl et al. 2005); .Two complementary population modeling approaches are being applied.  One approach is using projection (Leslie) matrices (Caswell 1989) and metapopulation modeling tools to extrapolate population levels effects from growth and mortality rates for age or stage classes of fish (e.g. see Spromberg and Meador 2005, 2006; Spromberg and Johnson 2006).  The second approach involves the development of an individually based model (De Angelis and Gross 1992), which links contaminant exposure profiles of individual fish to growth and survival probabilities, and models the effects on the population as a whole through intensive computation (Loge et al. 2005). 

Updated versions of all three of the models will be available at the end of August 2006 and the details of each will be provided in the final report of the Ecosystem Monitoring Project in August 2006. Overall, the models will characterize how contaminants may contribute to the risk of extinction of ESA-listed salmonid evolutionary significant units. This analysis can then be used to guide potential management actions that could mitigate the risk of juvenile salmonids from toxics in the lower Columbia River and estuary.
10) ISRP COMMENT: One concern is that the sponsors make general statements about the importance of primary and secondary productivity in assessing estuarine ecosystem health. The sponsors need to explain how, specifically, this information will be used to assess health (what is a “healthy” food web and what isn’t) and its relevance to restoration decisions. 

RESPONSE: We appreciate the reviewer’s comments regarding the use of the measures of primary and secondary productivity as an indicator of ecosystem health.  We did not intend to suggest that we are proposing the development of specific “stream condition indicators” nor did we intend to suggest that productivity within any particular location or strata is an indicator of a “healthy” food web supporting juvenile salmon. However, we do believe it’s important to monitor and to gain a better understanding of the seasonality and spatial variability of primary and secondary productivity to assess potential trends in these lower trophic levels caused by the operation of the hydrosystem, introductions of invasive plankton or planktivores, and the effects of restoration activities in the estuary and tidal freshwater portions of the lower Columbia River.  In the absence of monitoring activities for the lower trophic levels we propose, there is potential for large shifts in the magnitude, timing, and composition of primary production to occur unnoticed. 

We offer as an example the large downward trends in primary productivity in the San Francisco Bay that would have gone undetected in the absence of the long-term monitoring program there.  Because of the monitoring activities in the San Francisco Bay, researchers surmise that the introduction of the Asian clam (Corbicula fluminea), has drastically reduced primary productivity in the bay (Alpine, et al., 1992) documented that for the years from 1977-1990 mean estimated primary production was 39 g C m –2 during years when bivalve suspension feeders were abundant compared to 106 g C m –2 when bivalves were absent or present in low numbers.  Similar trends in annual productivity would go unnoticed in the absence of the monitoring activities we propose.  

We do believe that there are potential links between primary and secondary productivity and Pacific salmon and other important sport fishes (e.g., white sturgeon) via both bottom-up (e.g., Corophium and Corbicula as food resources for white sturgeon) (McCabe, et al., 1993) and top-down (e.g., the role of shad as an energetic resource for Northern pikeminnow, smallmouth bass and walleye, that are predators of salmon) (Sauter, et al., 2004).  We suggest that in the absence of the establishment of a long-term monitoring activity that examines the timing, magnitude, and seasonality of primary and secondary productivity, increases or decreases in the survival, growth, condition, etc. of salmon and other important species will not be able to be viewed in the context of the basic limnological parameters necessary to have a more complete understanding of this complex ecosystem.  With that said,, we acknowledge that productivity data is just one piece of a complex puzzle, yet it is through increased knowledge of the spatial variability of ecosystem processes within the estuary that we will be able to better understand potential capacity, utilization and function issues. As stated previously, the Lower Columbia Subbasin Plan (Lower Columbia River Estuary Partnership, 2004b) and the Estuary Recovery Plan Module (Lower Columbia River Estuary Partnership, 2005) highlight the critical need for more research and monitoring to better address important data gaps in our understanding of the importance of primary/secondary production among the various habitat types, it’s importance to higher trophic levels and seasonality within the lower Columbia River system.
11) ISRP COMMENT: Are three samples sufficient to monitor species (phytoplankton, etc) with high turnovers? Why will sampling occur only during high productivity periods? Chlorophyll a, ADFM, and biomass are not measures of productivity (total tissue elaboration/time by the population) but rather are measures of standing stock.
RESPONSE: We acknowledge expanding our primary and secondary productivity monitoring to include more than 3 samples and to sample during periods of lower productivity would be preferable to the scaled back monitoring we propose; however, to be more cost effective we are obliged to assess the adequacy of the scaled back program to assess trends in the parameters we are proposing to monitor in the FY07-09 proposal.  Also, the reviewers are correct in stating, “Chlorophyll a, ADFM, and biomass are not measures of productivity (total tissue elaboration/time by the population) but rather are measures of standing stock.” However, these measures are practical surrogates given the need to be cost effective and will allow us to sample more sites to assess the seasonality and spatial variability of primary and secondary productivity in the lower Columbia River and estuary.
12) ISRP COMMENT: The sponsors need to explain how primary and secondary production data will be related to capacity, opportunity, and function (e.g., growth, survival).

RESPONSE: We appreciate the reviewer’s comments regarding the use of the measures of primary and secondary productivity as an indicator of ecosystem health.  We did not intend to suggest that we are proposing the development of specific “stream condition indicators” nor did we intend to suggest that productivity within any particular location or strata is an indicator of a “healthy” food web supporting juvenile salmon. However, we do believe it’s important to monitor and to gain a better understanding of the seasonality and spatial variability of primary and secondary productivity to assess potential trends in these lower trophic levels caused by the operation of the hydrosystem, introductions of invasive plankton or planktivores, and the effects of restoration activities in the estuary and tidal freshwater portions of the lower Columbia River.  In the absence of monitoring activities for the lower trophic levels we propose, there is potential for large shifts in the magnitude, timing, and composition of primary production to occur unnoticed. 
We offer as an example the large downward trends in primary productivity in the San Francisco Bay that would have gone undetected in the absence of the long-term monitoring program there.  Because of the monitoring activities in the San Francisco Bay, researchers surmise that the introduction of the Asian clam (Corbicula fluminea), has drastically reduced primary productivity in the bay (Alpine, et al., 1992) documented that for the years from 1977-1990 mean estimated primary production was 39 g C m –2 during years when bivalve suspension feeders were abundant compared to 106 g C m –2 when bivalves were absent or present in low numbers.  Similar trends in annual productivity would go unnoticed in the absence of the monitoring activities we propose.  

We do believe that there are potential links between primary and secondary productivity and Pacific salmon and other important sport fishes (e.g., white sturgeon) via both bottom-up (e.g., Corophium and Corbicula as food resources for white sturgeon) (McCabe, et al., 1993) and top-down (e.g., the role of shad as an energetic resource for Northern pikeminnow, smallmouth bass and walleye, that are predators of salmon) (Sauter, et al., 2004).  We suggest that in the absence of the establishment of a long-term monitoring activity that examines the timing, magnitude, and seasonality of primary and secondary productivity, increases or decreases in the survival, growth, condition, etc. of salmon and other important species will not be able to be viewed in the context of the basic limnological parameters necessary to have a more complete understanding of this complex ecosystem.  With that said,, we acknowledge that productivity data is just one piece of a complex puzzle, yet it is through increased knowledge of the spatial variability of ecosystem processes within the estuary that we will be able to better understand potential capacity, utilization and function issues. As stated previously, the Lower Columbia Subbasin Plan (Lower Columbia River Estuary Partnership, 2004b) and the Estuary Recovery Plan Module (Lower Columbia River Estuary Partnership, 2005) highlight the critical need for more research and monitoring to better address important data gaps in our understanding of the importance of primary/secondary production among the various habitat types, it’s importance to higher trophic levels and seasonality within the lower Columbia River system.
13) ISRP COMMENT: Remote sensing (Task 1 d) is a method for assessing primary productivity that may be oversold.

RESPONSE: Deriving quantitative estimates of primary productivity from remotely sensed measures of water-leaving radiance is indeed a researchable topic, one that has been oversold in many applications.  Often end-users compare remotely derived bulk or annual averages to in-situ measurements and find significant disagreements in the magnitude of these estimates.  However, the comprehensive spatial coverage and the frequent temporal acquisition of these multi-spectral measurements provide much more information regarding the spatial and temporal pattern of variations in the optical characteristics of the estuarine environment and numerous regional monitoring programs have incorporated marine remote sensing into their comprehensive programs.  

The key aspects of relating multi-spectral water-leaving radiance measurements to an understanding of the productivity of lower Columbia River and estuary is found in the remote sensing of absorption at specific wavelengths for photosynthesis, reflectance at longer wavelengths related to temperature, and the spatial and temporal patterns of these two terms.  The use of optics and medium-resolution remotely sensed imagery to monitor water quality indices such as phytoplankton and temperature patterns has occurred over a 30 year history for large oceans and coastal communities. However, these techniques are increasingly common in estuaries, bays, and inland lakes. Classification of medium and high resolution satellite imagery for water quality has successfully been undertaken in Pensacola Bay (Han and Jordan 2005), the Irish Sea (Tilstone et al. 2005), IJssel Lagoon, The Netherlands (Gons et al. 2002), and as part of the Chesapeake Bay Ocean Data Acquisition System Monitoring Program.  The developing confidence on remotely sensed technologies is evident in the Estuarine and Great Lakes Coastal Initiative, an EPA program that established 5 regional research centers around the country to develop multiple indicators of ecological condition and function at multiple scales using technologies such as remote sensing for inland waters and bays (Levinson 2005).

Numerous limitations exist (algorithm validation and issues of spatio-temporal scale) and caution is required when relating in-situ field measurements and satellite derived data (Campbell et al. 2002).  The Ecosystem Monitoring Project will characterize the patterns of spectral absorption and reflection that relate to and estimate primary productivity to reveal the dynamics of the lower Columbia River and estuary ecosystem at multiple spatial and temporal scales.  We recognize temperature is an important environmental variable that is a strong correlate to changes in hydrologic conditions, and is a critical determinant of primary productivity and believe an understanding of the variability of primary productivity parameters and temperature dynamics at multiple spatio-temporal scales is critical for monitoring and management of ecosystems and species’ habitats (Tilstone et al. 2005).   We suggest that it is important to initiate this investigation as a monitoring tool and recognize that technology will improve and higher resolution imagery will become more affordable and operational.  Our focus is on the feasibility of using both medium and high resolution satellite imagery as a monitoring tool in a complex system such as the lower Columbia River and estuary.   From this perspective, we intend to confront the uncertainty of remotely sensed environmental parameters in the monitoring context.

14) ISRP COMMENT: Past accomplishments of the project should be organized according to the objectives of the original proposal to permit assessment of whether the project has met its objectives.  Currently, these results are spread throughout the proposal rather than consolidated in this section. The discussion should be clear about how these accomplishments logically lead to the currently proposed work.

RESPONSE: In the FY03-FY05 proposal, two overarching objectives were proposed as part of the Ecosystem Monitoring Project: the development of habitat monitoring protocols and a pilot program to test these protocols and the implementation of toxics monitoring program aimed at filling critical toxics information data gaps and providing insight into the potential impacts of these toxics on salmonid survival. Moreover, each objective had several supporting tasks that provided the foundation to accomplish each objective. 

Habitat Monitoring Objective 1:

Objective 1 for habitat monitoring, which set out to “Implement a pilot program to develop habitat monitoring protocols for assessing habitat condition to meet long term monitoring needs and support project specific monitoring and evaluation requirements for habitat restoration,” had four tasks. 

Task 1 included the development of draft protocols and biological indicators specific to the lower Columbia River and estuary for assessing the condition of habitats believed to be important for the survival of juvenile salmonids. This task was accomplished through close coordination with the “Evaluation of Cumulative Ecosystem Response to Restoration” project  (Project number: EST-04-04) work that is funded through the Army Corps of Engineers (Roegner et al. 2005) and involves key partners from the Ecosystem Monitoring Project including Pacific Northwest National Laboratory (PNNL). This project has developed two versions of protocols related to assessing habitat condition at restoration sites in the lower Columbia River and estuary, and includes protocols for assessing water elevation, certain water quality parameters, such as dissolved oxygen, salinity, and temperature, fish temporal presence and species composition, and assessing landscape features utilizing remotely sensed imagery.  

While the protocol manual was developed under another project, methods, preliminary analyses, and results from the development and testing of monitoring guidance has been shared between the projects and was used during the development of the pilot program for the Ecosystem Monitoring Project.  The complexities of the lower Columbia River and estuary and costs associated with long-term monitoring are significant; therefore, the Ecosystem Monitoring Project was initiated using metrics that are easily measurable, show strong links between key environmental factors, such as water level and habitat quality, and are cost effective.  As more data regarding which metrics may be most illustrative of changes in salmon populations become available through research, the monitoring program will be adapted to include additional metrics.  Additionally, technologies such as remote sensing should be evaluated for efficacy in assessing land cover change; a small-scale pilot study for this purpose using QuickBird imagery was included in 2005 (Sobocinski, et al., 2006).

In summer 2005, Task 2, which lays out the implementation of the habitat monitoring protocols in a pilot program, was accomplished.  To develop the sampling plan the Estuary Partnership worked with the University of Washington and U.S. Geological Survey to develop a hierarchical landscape classification system to guide where habitat monitoring should occur in the lower Columbia River and estuary. The primary purpose of this classification system is to enable systematic monitoring of diverse, scale-dependent and scale-independent ecosystem attributes responding to multi-scale processes.The classification system assimilates a variety of spatial datasets including hydrologic, geomorphic, bathymetric, land cover and other comprehensive data in a geographical information system (GIS) to delineate the hierarchical classification structure and provides a method to identify data gaps, monitor landscape attributes at multiple scales, and assist in the formulation of habitat-based sampling plans.For instance, at one level of the classification system the estuary is divided into 8 ecologically significant reaches and nested within each of those 8 reaches, the classification aggregates cover classes according to the hydrogeomorphic processes that structure the landscape.  The classification methodology is entirely GIS-based using automated processes with minimal manual classification to generate an objective, repeatable, hydrogeomorphic classification system for the lower Columbia River and estuary.
The classification system was used to select two reaches for habitat monitoring in summer 2005 at tidally influenced shallow-water wetlands. These habitats are thought to be important for salmonid rearing and feeding, due to high benthic invertebrate and insect productivity, relatively slow current velocities, and presence of refuge habitat.  Benthic invertebrates and insects are key elements of juvenile salmonid diets, and these animals are produced primarily in tidal wetland and riparian habitats. McCabe et al. (1986) showed these habitats to be important for the smallest outmigrating salmonids.  

From Dibblee Beach, which is just downstream of the Longview Bridge, to just upstream of Kalama, WA, (corresponding to Reach D in the ecosystem classification system) three sites were monitored for estimates of wetland vegetation species cover and elevation. Between the northern tip of Sauvie Island and the confluence of the Willamette River (Reach F) four sites were monitored for wetland vegetation species cover and elevation.  Additionally, multi-parameter water quality probes were deployed at two sites: Dibblee Beach and Campbell Slough in the Ridgefield National Wildlife Refuge.  Vegetation surveys show a high degree of non-native and invasive species, even at the best available tidal wetlands, and a general pattern of vegetation banding driven by local hydrology (Sobocinski, et al., 2006).  More directed research is required to further quantify contribution of these tidal wetland plants and the biota they support specifically to salmonid success; however this monitoring effort is beginning to describe the availability and structure of shallow water habitats in the tidal freshwater reach. Through time, the monitoring will show the effects of hydrodynamics and other factors on the quality of these shallow water habitats and their ability to produce conditions favorable to increasing juvenile salmonid growth and condition.

The results from the accomplishment of Task 2 in summer 2005, are being used to inform the direction of Task 3, which involves the development of a plan for monitoring of selected reference sites and the implementation of a two-year habitat monitoring effort to further refine the habitat monitoring protocols and determine the feasibility and need for implementing a long term habitat monitoring program. The accomplishment of this task will occur in summer 2006 and summer 2007 through on the ground field surveys and be coordinated with the completion of the ecosystem classification system being conducted concurrently.  The classification system is intended to serve as a guide for the statistical design of the long-term monitoring plan. 

Finally, Task 4, which involves evaluating the results of the habitat monitoring efforts from Task 3 and recommending future actions that include the establishment of a long term habitat monitoring site network and institutionalizing standard procedures for monitoring habitat projects, will be accomplished once the results of summer 2006 and 2007 are analyzed with a target for completion by spring 2008.

The results of the habitat monitoring effort to date combined with emerging directed research from NOAA, USACE, and the water quality monitoring component of the Ecosystem Monitoring Project (explained below), are being applied to the development of a statistically rigorous sampling design for the Ecosystem Monitoring Project proposed in the FY07-09 proposal.  Early efforts to devise such a sampling design were largely unsuccessful due to the lack of pilot information about the varied fish habitat types in the estuary and lack of baseline data for key metrics.  While the state of the science related to estuarine implications for salmonid success is still relatively nascent (Bottom et al. 2005), especially when compared with that of the tributaries, emerging findings are being applied to the extent possible.

Water Quality Monitoring Objective 2:

The overarching objective of the FY03-FY05 Ecosystem Monitoring Project’s water quality component is to implement a toxics monitoring program that fills critical data gaps in our understanding of the lower Columbia River and estuary, particularly with respect to the possible impacts of conventional pollutants and toxics on salmonid survival and recovery potential in the estuary.  (The objectives and tasks from the updated Scope of Work for the Lower Columbia River Water Quality Monitoring Project can be found in Appendix A of this document.) This objective has four associated tasks. 
Task 1 of Objective 2 involves the development of a set of models to describe salmon exposure and ecological risk in the lower Columbia River and estuary. These models are intended to provide us with a conceptual and semi-quantitative to quantitative understanding of contaminant sources, transport, exposure/uptake, and effects on salmon stocks; allow us to assess the risk that the contaminants constitute to the survival and productivity risk to survival of listed ESUs; and suggest management actions that might be undertaken to reduce those risks.  The modeling effort includes the following components:  

1. A conceptual model to identify contaminant sources, describe likely modes and routes of transport (e.g., sediment transport and deposition, trophic processes), potential exposure and uptake of toxicants by listed salmon stocks, and possible effects on survival and productivity, based on existing toxicological information. It also specifies regulatory or management issues to be addressed.  As part of conceptual model development, a review of existing data was conducted to determine which types of quantitative information are available on contaminant releases, transport and sedimentation processes, relevant salmon life history characteristics, and contaminant concentrations in sediment and biota that could be used for more quantitative assessments. An initial version of the conceptual model was developed during 2004-2005, and a descriptive report showing general relationships for the conceptual model was submitted as part of the Ecosystem Monitoring Project’s Annual Report to BPA in September 2005 (Leary et al., 2005).  Additionally, a workshop was held in 2004 to bring together various researchers working on toxics issues in the lower Columbia River to better identify available data and major data gaps. The final version of the model and an overview of our current knowledge on toxicant impacts on Columbia River salmon will be included in the NOAA Fisheries final report to be submitted to the Estuary Partnership in August 2006. 

2. The second model is a model of contaminant flux and bioaccumulation in the lower Columbia River and estuary.  This model identifies contaminant sources (e.g., industrial activity, agriculture, hatcheries) and processes through which Columbia River salmon would be exposed to contaminants (e.g., trophic processes, water column absorption).  Preliminary models of routes of exposure were developed and then used to model contaminant uptake in outmigrant juvenile salmon and predict likely body burdens and exposure regimens based on field data on contaminants in salmon prey (stomach contents), in the water column, and in surficial and suspended sediments.  Two types of bioaccumulation models are being employed: Trophic Trace, an existing model, developed by the Army Corps of Engineers; and a second, original model that applies more specifically to outmigrant juvenile salmon, incorporating non-equilibrium exposure conditions characteristic of species with short residence times at individual sites. These models are now being parameterized using data from the lower Columbia River and estuary water chemistry and salmon sampling, and model results on projected contaminant uptake will be presented in the final report to be completed in August 2006. 

3. Finally, an ecological risk model is being developed to link predicted or measured contaminant body burdens or exposure levels in specific salmon stocks to potential adverse health effects in individuals, and model the consequences of those impacts on population growth rates and related parameters associated with stock viability.  Two types of data were generated for parameterization of this model:  1) data on exposure levels in Columbia River salmon stocks, collected as part of Ecosystem Monitoring Project’s water quality and fish monitoring efforts carried out in 2004-2005; and 2) data on dose-response relationships for key contaminants and health effects endpoints (e.g., survival, growth, disease resistance, reproductive function, behavior) from laboratory studies and field surveys of exposure and effects.  The latter data came from the publishing literature, and from ongoing research conducted by NOAA Fisheries and partner agencies under other funding authorities.  Two complementary population modeling approaches are currently being applied.  In one approach, projection matrices (Caswell, 1989) are being used to determine population growth rate under various exposure scenarios.  The second approach involves the development of an individually based model (De Angelis and Gross, 1992), which would link contaminant exposure profiles of individual fish to growth and survival probabilities, and model the effects on the population as a whole through intensive computation.  These two types of models as applied to Pacific Northwest salmon are described in Spromberg et al. (2005, 2006) and Loge et al. (2005).  They are now being parameterized using data from the lower Columbia River and estuary water and salmon sampling, and model results on exposure risk and projected population impacts for selected stocks will be presented in the final report to be completed in August 2006. 

Tasks 2 and 3 were designed to define a baseline for toxic-contaminant data for the lower Columbia River and estuary for the purpose of tracking trends in toxic contamination over time in the water column, sediments, and tissues. 

Task 2 had three different sampling components and implemented the water-quality portion of the toxics monitoring program. Task 2 involved establishing a water quality monitoring network to begin to quantify the spatial distribution and the temporal variation (seasonal and annual) of contaminant concentrations in water and suspended sediment at selected locations in the lower Columbia River and estuary.  With the conceptual model as a guiding framework, the water quality data would be used to begin to assess linkages between the presence of toxic contaminants and salmon populations with respect to the Federal Columbia River Power System, and geographically, with respect to the lower Columbia River and estuary. Contaminant concentrations in water would also be compared against standards and guidelines established for the protection of aquatic life. 

USGS collected monthly water-column samples (Task 2a) from May 2004 through April 2005 at three fixed stations: the Columbia River at Warrendale, the Willamette River at Portland, and the Columbia River at Beaver Army Terminal. Samples were collected and analyzed for nutrients, alkalinity, carbon species, trace elements, chlorophyll a, biomass, suspended sediment, and a select listing of pesticides. An expanded list of pesticides and degradates were analyzed quarterly. In addition, conventional pollutants, such as pH, dissolved oxygen, temperature, and specific conductance were measured.  Finally, at the Beaver Army Terminal site, suspended-sediment samples were analyzed for organochlorine compounds, such as DDT and endosulfan, on a monthly basis. 
Beyond the fixed-station sampling, water-column samples were collected synoptically to characterize low-flow (August 2004) and high-flow (April 2005) conditions (Task 2b). Besides the constituents listed above for the fixed-station monitoring, an expanded listing of pesticides and degradates, wastewater compounds, pharmaceuticals, and antibiotics were also analyzed during these samplings. In a similar effort to characterize toxic polluntants during low-flow and high-flow conditions, Semipermeable Membrane Devices (SPMDs) were deployed and suspended-sediment samples were collected during April and August 2005 at the 3 fixed stations and the Columbia River near Point Adams (Task 2c). SPMDs, which are sometimes referred to as "virtual fish" because they can mimic the bioconcentration of organic contaminants in the fatty tissues of fish, are fat bags that are suspended in the river in a protective cage for roughly a month. The fat absorbs hydrophobic compounds much like a fish would bioaccumulate compounds from the water column; therefore, providing a way to estimate a fish's potential exposure to toxics. The SPMDs and the suspended-sediment samples collected at the time of deployment were analyzed for four different groups of compounds: organochlorines, polyaromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs, all 209 congeners), and polybrominated diphenyl ethers (PBDEs, which are flame retardants).

Task 3 involved monitoring juvenile salmonids in the lower Columbia River and estuary to characterize exposure and health risks for listed stocks. NOAA Fisheries collected toxics information in the sediments and salmonid tissue to develop the baseline for toxics contaminant data for the lower Columbia River and estuary.  Specific objectives for this task included 1) determining concentrations of bioaccumulative contaminants, such as DDTs and PCBs in whole bodies of outmigrant juvenile Chinook salmon within specific segments of the lower Columbia River and estuary and from specific stock (i.e., ESUs or evolutionarily significant units) to characterize patterns of uptake; 2) assessing exposure to non-bioaccumulative contaminants by measuring biomarkers of exposure, including metabolites in bile for PAHs, and plasma vitellogenin as an indicator of exposure to estrogenic compounds; and 3) measuring concentrations of contaminants in salmonid prey (e.g., salmon stomach contents) to improve our understanding of dietary uptake of contaminants.   

For salmonid sampling, NOAA assessed contaminant uptake by juvenile outmigrant salmon by collecting salmon (primarily juvenile fall Chinook), salmon stomach contents, and sediment samples.  Sampling was carried out monthly from April through September 2005. NOAA collected data on sediments and salmon stomach contents for measurement of chlorinated, brominated and aromatic hydrocarbons (e.g., PAHs, PCBs, PBDEs, DDTs, and other organochlorine pesticides); salmon whole bodies for measurement of chlorinated hydrocarbons; bile for measurement of PAH metabolites; and blood for measurement of vitellogenin, which provides information on estrogen exposure.  Fin clips were collected for genetic analysis to identify the ESUs of origin of each fish. Because salmon are not completely marked in the Columbia, and wild and hatchery fish cannot always be distinguished, it was important to know whether hatchery rearing might contribute to fish contaminant exposure.  To help answer this question, juvenile Chinook salmon and feed samples were collected for chemical analysis from several hatcheries (Elochoman, Cowlitz, Lewis River, Washougal, Little White Salmon, Spring Creek, Klickitat, and Priest Rapids) that release fall Chinook juveniles into the lower Columbia River and estuary. The salmonid sampling is helping to assess the extent to which contaminants may affect juvenile salmon survival and productivity.

NOAA Fisheries has completed analyses of concentrations of PCBs, DDTs, PBDEs, and PAHs in salmon stomach contents, and concentrations of metabolites of PAHs in salmon bile.  Results showed especially high levels of PCBs, PAHs, and PBDEs in stomach contents of salmon from the Morrison Street Bridge site in Portland, the Columbia Willamette Confluence site, and the Columbia City site.  DDTs, on the other hand, were present at similar concentrations in stomach contents of fish collected throughout the lower Columbia River and estuary.  In comparison with concentrations of DDTs, PCBs, and PAHs in bile and stomach contents of juvenile salmon collected from other estuaries around the Pacific Northwest (Johnson et al., 2006a), levels of DDTs were relatively high at all of the lower Columbia River and estuary sites, while PCBs and PAHs were elevated at the sites from Morrison Street Bridge to Beaver Army Terminal.  Vitellogenin was found in juvenile salmon from the Portland sites, indicating that fish in this area are exposed to compounds that mimic the female hormone, estrogen.  Previous studies have shown that juvenile salmon from the Columbia are exposed to PCBs, DDTs, and PAHs, but to our knowledge these are the first reports of xenoestrogen exposure or exposure to PBDEs in Lower Columbia juvenile salmon.  

NOAA has also completed analyses of contaminant concentrations in juvenile salmon from several lower Columbia River hatcheries.  Results indicate that some contaminants are present in hatchery feed including PCBs, DDTs, and lower molecular weight PAHs that could be derived from petroleum products such gasoline or diesel fuel.  PCBs and DDTs were also present in salmon bodies, and metabolites of PAHs were found in bile.  Concentrations were fairly low, similar to those in fish and prey collected from estuaries with low to moderate levels of development, but they do indicate that hatchery feed contributes to total contaminant body burdens in hatchery-reared stocks.  Concentrations of PBDEs were near or below detection levels, suggesting that the environment is the major source for these chemicals, not hatchery feed.  To get a preliminary estimate of how hatchery exposure was contributing to body burdens of fish collected in the field, we compared contaminant concentrations in the fish collected at the hatcheries to those in fish collected from the lower Columbia River in an earlier survey (Johnson et al. 2006b).  The analysis suggested that when salmon growth was taken into account, the hatchery was an important source of PCBs at sites with limited industry, but the estuary was more important at sites where industrial activity was high.  The estuary appeared to be the major contributor of DDTs at sites throughout the river.  NOAA will repeat this analysis with whole body data from our current study as soon as they are available to see if these conclusions still hold.  

As mentioned in Task 1, NOAA is also examining how different contaminant sources (e.g., water column, suspended sediments, and prey) contribute to body burdens in juvenile salmon using two different bioaccumulation models.  At this point, the models have been developed and undergone some preliminary testing, but final analyses have not yet been completed with water column and fish data collected as part of the monitoring project because some data are still pending. 

So far, effects of exposure have been evaluated primarily by comparing contaminant concentrations measured in lower Columbia River prey to dietary exposure concentrations that have been shown to cause health problems in salmon based on earlier field and laboratory studies.  These include effects such as reduced growth, metabolic alterations, and immune dysfunction (Arkoosh and Collier, 2002, Meador et al. 2006, Casillas et al. 1998, Stehr et al. 2000, Stein et al., 1995).  Similar comparisons will be made for whole body contaminant concentrations once these data are available.  We are also using population models to project possible effects of contaminants on juvenile salmon abundance and population structure (see Task 1 description).  As with the bioaccumulation modeling, these analyses have not yet been completed because some of the field monitoring data is not yet finalized.

Task 4 is still in progress and is aimed at delivering the results from the fish sampling, water quality sampling, and modeling components in report form, as well as a “study design” section providing a synopsis of sampling locations, parameters measured, frequency of measurements, and other details necessary to support the major findings from the monitoring tasks conducted in the first three years of the Ecosystem Monitoring Project.  Due to funding constraints, it was not possible to produce this report as originally scheduled. However, by the end of August 2006, a data report will be available from the USGS that will provide all of the data collected from the water column, suspended sediment, and SPMDs as well as a discussion of the sampling and analytical methods used in the study. Also, contaminant concentrations in water will be evaluated against standards and guidelines established for the protection of aquatic life. NOAA will produce a final report documenting the findings from the salmonid sampling and detailing progress on the three toxics models.
An integrated report is now scheduled to be completed by August 2007 that will include water chemistry data analyses, salmonid stomach content prey taxonomy, and sediment chemistry information. This interpretive synthesis report will be written to bring all of the pieces together and will include: information from the conceptual model developed by NOAA; the water-quality and fish-tissue data that will provide an assessment of the presence or absence of contaminants, a way to examine the timing of contaminant delivery, and an opportunity to assess potential source areas of contaminants; and analyses using the water-quality and fish-tissue data to evaluate the risks to listed salmon stocks. Major findings from the data will be highlighted and compared to data from previous studies to provide status and trend information. 

Progress made in the first three years of the Ecosystem Monitoring Project, has led to the development of the proposed objectives in our FY07-09 proposal.  For habitat monitoring, the proposed sampling in FY07-09 will give us an opportunity to utilize the ecosystem classification system to stratify sampling efforts for various habitats and to integrate the methods developed during the first three years of the Ecosystem Monitoring Project for assessing vegetation, elevation, and other physical parameters with sampling for fish and contaminants, as well as advanced water quality methods.  While current habitat monitoring is limited to relatively “intact” shallow water areas (undiked and ungrazed wetlands), in FY07-09 we plan to broaden our area of interest by including a range of sites, more representative of the conditions in the estuary as a whole, while tying the various sampling efforts together with co-located sites sampled through time.  With increasing information about land cover, bathymetry, vegetation, contaminants and other metrics, we hope to expand the knowledge of important habitat attributes that potentially influence juvenile salmon survival and increase our holistic understanding of the lower Columbia River. 

In terms of primary and secondary productivity, a new objective was added in the FY07-09 proposal to better understand primary and secondary production in the lower Columbia River and estuary: The Lower Columbia Subbasin Plan (Lower Columbia River Estuary Partnership, 2004) and the Estuary Recovery Plan Module (Lower Columbia River Estuary Partnership, 2005) highlight the critical need for more research and monitoring to better address important data gaps in our understanding of primary/secondary production with particular focus on seasonal and spatially variability and the relationship to higher trophic levels within the lower Columbia River system. The ecosystem classification system will allows us to design a statistically rigorous spatial sampling design for primary and secondary production and thus, provide important information on the spatial variation of standing stock measures of production among habitat strata within different hydrogeomorphic reaches. By coupling this type of rigorous sampling design with monitoring of water quality, habitat and juvenile salmon abundance and distribution, the Ecosystem Monitoring Project can begin to bridge these critical data gaps in our understanding of variability among shallow water habitats in basic riverine processes (e.g., water quality, productivity, geomorphology, hydrology and riparian and floodplain landscape), human disturbance and related food webs. Moreover, through our coordination with Project number 200301000 led by NOAA, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat,” we will be able to include information on how juvenile salmon are using diverse estuarine habitats, which could complement the habitat monitoring information being collected by the Ecosystem Monitoring Project. 

In terms of water quality monitoring, the water-column, suspended-sediment, SPMD, and salmonid data collected in 2004-05 provide a baseline dataset for any future monitoring work in the lower Columbia River. The proposed sampling in FY07-09 will give us an opportunity to compare and contrast the water-quality conditions measured in the main-channel habitats in the first three years of the Ecosystem Monitoring Project to those we find in the shallow-water areas that serve as important habitats for juvenile salmonids. Moreover, the risk model being developed with the contaminant data collected in the main-channel habitat from the current work of the Ecosystem Monitoring Project can be expanded by sampling in these shallow-water habitats in FY07-09.  Additional data on contaminants as well as other critical habitat metrics can be incorporated, allowing us to examine the relationships between various habitat characteristics and salmon survival more comprehensively.  This information will help to define the characteristics of habitats that best support juvenile salmon and increase our holistic understanding of the lower Columbia River and estuary.
In FY07-09, the Ecosystem Monitoring is proposing another new objective to provide a systematic characterization of the tidal freshwater riparian and floodplain forested and scrub-shrub wetlands, with emphasis on the structure of this community in the upper regions of the estuary.  The goal of this objective is to describe the variation in structure and attributes of these ecosystems along the tidal freshwater gradient of the estuary.  These freshwater tidal and floodplain wetlands are characterized by very different wetland assemblages, most notably black cottonwood (Populus balsamifera spp. trichocarpa) in association with red alder, red-osier dogwood, and Oregon ash (Fraxinus latifolia).  As in the lower estuary tidal scrub-shrub and forested wetlands, there are complex assemblages of understory herbs and forbs associated with these canopy species, as well as wetland edge species e.g., stinging nettle (Urtica dioica), common snowberry (Symphoricarpos albus), Douglas spirea (Spirea doglasii), and creeping spikerush (Eleocharis palustris).  There are also gradual transitions in assemblage composition between the freshwater scrub-shrub and forested wetland of the lower portion (RKm40 to RKm105) to the "overflow" floodplains of the upper half (RKm105 to RKm235) of the estuary (Christy and Putera, 1993).

Given the spatial prominence of these relatively understudied tidal freshwater wetland ecosystems, and the need to address their conservation and restoration, the Ecosystem Monitoring Project will acquire a more comprehensive understanding of their structures and functions through this objective.  Attributes to be documented will include both geomorphic and vegetative structure and biotic assemblages (e.g., benthic macroinvertebrates, insects, amphibians, avifauna and resident fishes) associated with discrete structural features.  In all cases feasible, study site selection and data collection will be coordinated with the other Ecosystem Monitoring task elements and with the NOAA/UW juvenile salmon and habitat investigations, Project number: 200301000, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat” and based on the Lower Columbia River and Estuary Ecosystem Classification System (Simenstad, et al., 2005).
The final objective of the FY07-09 proposal involves the development of a bathymetry consortium to coordinate bathymetry collection efforts, promote sharing of existing bathymetry information and eventually, to establish a seamless bathymetry digital elevation model for the lower Columbia River through coordinated effort and a shared strategy for action.  Bathymetry data is a key component of the ecosystem classification system. The ecosystem classification system provides integral guidance for the Ecosystem Monitoring Project’s monitoring efforts. By convening a bathymetry consortium the Estuary Partnership can ensure collection efforts in the lower Columbia River and estuary are coordinated, data exchange is promoted, and in turn, the most up-to-date bathymetry information can be incorporated in to the classification system. 

15) ISRP COMMENT: The sponsors should state what actually was accomplished not just what kinds of data were collected and what kind of sampling was done.

RESPONSE: The Ecosystem Monitoring Project was effective at accomplishing many of the objectives set out in the FY03-05 proposal. In terms of on-the-ground habitat monitoring accomplishments, draft habitat monitoring protocols were developed to assess habitat condition at tidally influenced wetlands, a pilot habitat monitoring program was implemented to test the draft habitat monitoring protocols, and remotely sensed imagery was acquired to evaluate vegetation at tidally influenced wetlands.  These accomplishments have provided information on wetland vegetation species cover and elevation and are helping to develop a predictive model that can relate elevation to specific plant species, which could be an invaluable planning tool for restoration projects.  Moreover, during the first three years of the Ecosystem Monitoring Project, the Lower Columbia River and Estuary Ecosystem Classification System (Simenstad et al., 2005) was designed and its hierarchical  structure developed. Through this process, the LANDSAT 7 data set was refined, providing the classification system with improved land cover information; and other preliminary GIS data layers, such as an integrated data layer displaying where dikes exist and what the historical floodplain boundaries are in the lower Columbia River and estuary, have been created through the development of the classification system.  The classification system is informing where habitat monitoring should occur, and once completed, could provide a statistically useful hierarchical structure and landscape metrics useful in developing and implementing habitat monitoring.  The development of the classification system and habitat monitoring protocols as well as the implementation of on-the-ground field surveys have been key accomplishments for the Ecosystem Monitoring Project because not only is information being collected on previously understudied potential juvenile salmonid habitats, but also all of this information helps guide and inform future habitat monitoring field surveys including that which is proposed in the FY07-09 proposal.  

In terms of water quality monitoring, the Ecosystem Monitoring Project accomplished several of its objectives from the FY03-05 proposal.  To begin with, the Ecosystem Monitoring Project’s water quality component implemented a monitoring program to assess and report on toxics in the water column, sediment and fish in the lower Columbia River and estuary. The Conceptual Model of Contaminant and Endangered Salmonid Species Interactions for assessing toxicant exposure and risk in juvenile salmon was developed and has guided the design of the water quality monitoring program.  In 2004 and 2005 water column, sediment and fish sampling were implemented in the lower Columbia River and estuary. The water column and sediment samples are still being analyzed and results and products from this work will be complete in August 2007.  However, for juvenile salmonid sampling, NOAA Fisheries has completed analyses of concentrations of PCBs, DDTs, PBDEs, and PAHs in salmon stomach contents, and concentrations of metabolites of PAHs in salmon bile.  Results showed especially high levels of PCBs, PAHs, and PBDEs in stomach contents of salmon from the Morrison Street Bridge site in Portland, the Columbia Willamette Confluence site, and the Columbia City site.  DDTs, on the other hand, were present at similar concentrations in stomach contents of fish collected throughout the lower Columbia River and estuary.  In comparison with concentrations of DDTs, PCBs, and PAHs in bile and stomach contents of juvenile salmon collected from other estuaries around the Pacific Northwest (Johnson et al. 2006), levels of DDTs were relatively high at all lower Columbia River and estuary sites, while PCBs and PAHs were elevated at the sites from Morrison Street Bridge to Beaver Army Terminal.  NOAA also found vitellogenin in juvenile salmon from Portland sites, indicating that fish in this area are exposed to compounds that mimic the female hormone, estrogen.  Previous studies have shown that juvenile salmon from the Columbia are exposed to PCBs, DDTs, and PAHs, but to our knowledge these are the first reports of xenoestrogen exposure or exposure to PBDEs in Lower Columbia juvenile salmon.  

NOAA has also completed analyses of contaminant concentrations in juvenile salmon from several lower Columbia River hatcheries.  Results indicate that some contaminants are present in hatchery feed (PCBs, DDTs, and lower molecular weight PAHs that could be derived from petroleum products such gasoline or diesel fuel).  PCBs and DDTs were also present in salmon bodies, and metabolites of PAHs were found in bile.  Concentrations were fairly low, similar to those in fish and prey collected from estuaries with low to moderate levels of development, but they do indicate that hatchery feed contributes to total contaminant body burdens in hatchery-reared stocks.  Concentrations of PBDEs were near or below detection levels, suggesting that the environment is the major source for these chemicals, not hatchery feed.  To get a preliminary estimate of how hatchery exposure was contributing to body burdens of fish collected in the field, NOAA compared contaminant concentrations in the fish collected at the hatcheries to those in fish collected from the lower Columbia River in an earlier survey (Johnson et al. 2006).  The analysis suggested that when salmon growth was taken into account, the hatchery was an important source of PCBs at sites with limited industry, but the estuary was more important at sites where industrial activity was high.  The estuary appeared to be the major contributor of DDTs at sites throughout the river.  This analysis will be repeated with whole body data from our current study as soon as they are available to see if these conclusions still hold.  These findings are key accomplishments of the Ecosystem Monitoring Project because they are helping to answer questions regarding whether or not hatchery salmon have higher toxics body burdens than wild salmon, what the major contributors of known toxics are, and what new toxics may be affecting listed salmonid species.
The Ecosystem Monitoring Project is also beginning to understand and meet our goal of examining how different contaminant sources (e.g., water column, suspended sediments, and prey) contribute to body burdens in juvenile salmon using bioaccumulation models.  At this point, the models have been developed, and undergone some preliminary testing, but are not yet completed, and final analyses of water column and fish data collected is still ongoing as part of the first three years of the Ecosystem Monitoring Project.  So far, effects of exposure have been evaluated primarily by comparing contaminant concentrations measured in lower Columbia River prey to dietary exposure concentrations that have been shown to cause health problems, such as reduced growth, metabolic alterations, and immune dysfunction in salmon based on earlier field and laboratory studies (Arkoosh and Collier 2002; Meador et al. 2006; Casillas et al. 1998; Stehr et al. 2000; Stein et al. 1995).  Similar comparisons will be made for whole body and water column contaminant concentrations once these data are available.  NOAA is also using population models to project possible effects of contaminants on juvenile salmon abundance and population structure, (Loge et al. 2005; Spromberg et al. 2005; Spromberg and Johnson 2006), but as with the bioaccumulation modeling, these analyses have not yet been completed because some of the field monitoring data have not yet been finalized.  
16) ISRP COMMENT: What work from the original proposal has yet to be completed? The explanation of the relationship of the current work (and objectives) to the proposed work needs to be expanded.

RESPONSE: The Ecosystem Monitoring Project accomplished several of its objectives from the FY03-05 proposal, but certain tasks still need to be completed. In terms of habitat monitoring, Task 2 of Objective 1 which lays out the implementation of the habitat monitoring protocols in a pilot program, is in process. Habitat monitoring field surveys were initiated in summer 2005 and the Lower Columbia River and Estuary Ecosystem Classification System (Simenstad et al., 2005), which is helping to guide these field surveys is currently still being developed. Early in 2004 of the Ecosystem Monitoring Project, University of Washington (UW) and U.S. Geological Survey (USGS) became aware of the future availability of LiDAR elevation data for the entire lower Columbia River and estuary and adjacent floodplain. The LiDAR dataset would fill critical data gaps in the geodatasets being developed as a part of the classification system, and UW and USGS planned to incorporate the LiDAR into the classification system.  Also, the LiDAR provides the means to generate accurate boundaries for marshes, tidal channels, and topographical breaks such as the historical floodplain, all of which are currently not available for the lower Columbia River and estuary but are critical for the classification system and associated analyses.  These boundaries would allow UW to develop an automated GIS process to delineate complexes, refine the classification, and generate landscape metrics using the merged bathymetric/LiDAR dataset.  For the past year, postponements in the release of the LiDAR dataset have resulted in delays in refining the classification system. At this time, the LiDAR is not yet available but is in the final stages of processing.  Therefore, the Estuary Partnership, UW and USGS are working with BPA to request a delay in completion of this task to August 2007, such that a more comprehensive and meaningful product can be generated once the LiDAR dataset is available.  Once the LiDAR is incorporated, the ecosystem classes (one of the hierarchies of the classification system) and automated delineation of the classification in GIS, as well as channel and landscape metrics will be refined and completed by August 2007.

Task 3, which involves the development of a plan for monitoring of selected reference sites and the implementation of a two-year habitat monitoring effort to further refine the protocols and determine the feasibility and need for implementing a long term habitat monitoring program, is currently under development and is dependent on the completion of Task 2.  Although the pilot program was implemented in 2005 and results from this monitoring effort are now available (Sobocinski, et al., 2006), on the ground field surveys will be occurring in summer 2006 and it is the intent of the Ecosystem Monitoring Project to complete the results from this monitoring in August 2006 so that this information can help inform reference site selection, aid in the refinement of the habit monitoring protocols, and guide the development of a long term habitat monitoring program. Thus, the accomplishment of this task will occur in summer 2006 and 2007 through on the ground field surveys.  
Finally, Task 4, which involves evaluating the results of the habitat monitoring efforts from Task 3 and recommending future actions that include the establishment of a long term habitat monitoring site network and institutionalizing standard procedures for monitoring habitat projects, will be accomplished once the results of summer 2006 and 2007 are analyzed with a target for completion by spring 2008.
It is the intent of the Ecosystem Monitoring Project to complete the ecosystem classification system before starting the objectives planned in the FY07-09 proposal. With the classification system complete, the habitat monitoring efforts will have the opportunity to utilize the ecosystem classification system to stratify sampling efforts for various habitats and to integrate the methods developed during the first three years of the Ecosystem Monitoring Project for assessing vegetation, elevation, and other physical parameters with sampling for fish and contaminants, as well as advanced water quality methods.  While current habitat monitoring is limited to relatively intact shallow water areas (undiked and ungrazed wetlands), in FY07-09, we plan to broaden our area of interest by including a range of sites, more representative of the conditions in the estuary as a whole, while tying the various sampling efforts together with co-located sites sampled through time.  With increasing information about land cover, bathymetry, vegetation, contaminants and other metrics, we hope to expand the knowledge of important habitat attributes that potentially influence juvenile salmon survival and increase our holistic understanding of the lower Columbia River. 

In terms of water quality monitoring, USGS will complete a data report on its water quality monitoring work, including data from water-column, suspended-sediment, and Semipermeable Membrane Device sampling by the end of August 2006. This information will be evaluated in an interpretive report to be completed as a task for Year 4 by August 2007. These data provide a baseline data set to establish water-quality conditions in the lower Columbia River and estuary at this time and can be compared to previously collected datasets to evaluate any trends that may be apparent. Likewise, this information serves as a measure of what is happening in the main channel of the river that can be compared to the variability the Ecosystem Monitoring Project expects to see when measuring the shallow water habitats proposed in the FY07-09 proposal.  Additionally, these data, including the presence or absence, timing of delivery, and potential source areas of contaminants, will be important inputs to the conceptual model developed by NOAA, which will refine our understanding of contaminant exposure/uptake and the potential risks to salmonid survival.

In turn, NOAA Fisheries is still analyzing whole body samples from salmon in the lower Columbia River and estuary for contaminants; this task will be completed by the end of July 2006.  Once this is finished, the major task will be to complete analysis of the data and prepare a report on the field monitoring results for the Estuary Partnership and BPA.  Additionally, NOAA will use the data to parameterize the contaminant exposure models, and run the models to see if projected body burdens in salmon match those actually found in the fish that were collected.  The modeling exercises will help identify the sources that appear to contribute the most to salmon body burdens, and to determine if there are important inputs that have been previously overlooked.  NOAA will also use the contaminant data in population models to evaluate likely effects on salmon abundance. Data from previous laboratory and field studies will be used to link contaminant concentrations in fish, prey, or water to growth and survival rates.  Model results will also be described in the final report to be prepared for the Estuary Partnership and BPA.  

The Ecosystem Monitoring Project is receiving funding for an additional year of work to begin September 1, 2006 to August 31, 2007 (Year 4). NOAA will complete chemical analyses of sediment samples from the salmon collection sites and taxonomic analyses of stomach contents samples collected from juvenile salmon to determine their major prey types, and better understand how different types of prey (e.g., terrestrial vs. aquatic) contribute to contaminant body burdens. Additionally, NOAA will measure contaminant body burdens in sticklebacks collected from the salmon sampling sites to provide information on contaminant concentrations in a resident fish species, that is also an important forage fish and prey species for birds, piscivorous fish, and mammals. NOAA will also conduct otolith analyses for growth rate estimates and plasma chemistry analyses to measure biochemical indicators associated with growth and metabolic status.   

The work accomplished so far for the Ecosystem Monitoring Project’s water quality monitoring, as well as the work that will be completed in Year 4, provide a solid basis for the proposed work in the FY07-09 proposal because our analyses have established that contaminants are present in the lower Columbia River and estuary and are being taken up by juvenile salmonids at concentrations high enough to potentially contribute to poor survival and reduce likelihood of stock recovery of listed salmonids. Our research is also showing that while some contaminants are mostly associated with urbanized areas, others, such as DDTs are present throughout the estuary.  These findings highlight the need for toxics monitoring in habitats utilized by juvenile salmon, and the need to assess whether or not toxics are present particularly in areas where habitat restoration is planned. As part of our work in the first three years of the Ecosystem Monitoring Project, we developed a framework for assessing risks associated with toxicant exposure in salmon as well as quantitative models to estimate exposure and population impacts.  These models can be applied to data collected in the proposed program to relate toxicant exposure to salmon survival.

Additionally, the information on contaminant concentrations in salmon of different genetic stocks of origin may help to target regions and populations where contaminants are a particular concern for future monitoring.  Also, NOAA is testing several metrics (body lipid profiles, otolith analyses for growth, and plasma chemistry measurements) that may be associated with salmon growth and health, and can use these results to refine the set of measurements employed in future Ecosystem Monitoring Project studies.

Finally, analyses of salmon stomach contents taxonomy samples will provide useful data on prey items of salmon utilizing upriver tidal freshwater sites that have not been sampled as extensively as sites in the lower estuary, and may help identify specific prey sources that are important contributors to toxicant body burdens in Lower Columbia River salmon.  This information will be used to refine future sampling and analyses design for salmonid prey work proposed in the FY07-09 proposal. 

17) ISRP COMMENT: The sponsors need to clearly explain the current status of the monitoring program.  Is it in place? Have sites been selected? Is data being collected and analyzed? If so, how? How will the current work improve the program? Results of the past physical monitoring have been reported mostly in the gray literature but the contaminant work is in scientific journals.

RESPONSE: The Ecosystem Monitoring Project is an ongoing monitoring project in the lower Columbia River and estuary whose goals are to create a consistent approach to protocol development and status and trends monitoring of estuarine habitats.  In the FY03-FY05 proposal, two overarching objectives were proposed as part of the Ecosystem Monitoring Project: the development of habitat monitoring protocols and a pilot program to test these protocols and the implementation of toxics monitoring program aimed at filling critical toxics information data gaps and providing insight into the potential impacts of these toxics on salmonid survival.  

In terms of physical habitat monitoring, the habitat monitoring program was initiated through a pilot program aimed at assessing shallow-water habitats in summer 2005.  Sites were selected with guidance from the Lower Columbia River and Estuary Ecosystem Classification System (Simenstad et al., 2005) in the focal reaches D and F in 2005 to describe patterns of vegetation occurrence at intact tidally influenced shallow-water wetlands (wetlands that were ungrazed and undiked).  Vegetation percent cover data, species lists, and elevation data were collected at each site; additionally, vegetation patches were mapped and incorporated into a GIS for the sites.  A subset of sites will be resampled in 2006 using the same protocols to assess interannual variability for vegetation at these shallow water sites.  Additionally, water quality and depth sensors were placed at two sites to better understand how they are being affected by tides and temperature.  A pilot study aimed at testing the feasibility of two remotely sensed data source for applicability in long-term monitoring was conducted in a small area around Sauvie Island.  Our ability to discern vegetation communities accurately was best with QuickBird imagery (which also proved tractable to process), and thus, we have proposed to collect this source of imagery at the certain monitoring sites as part of our 2007-2009 proposal.  By making scheduled collections of remotely sensed imagery (~5 year basis), we will attempt to automate change analysis at these core sites over time.

These shallow water tidal wetlands, while at one time quite common (Kukulka and Jay 2003), are currently rare, especially in the more urbanized freshwater reach of the estuary, and are thought to be important for salmonid rearing (Bottom et al. 2005); therefore, they have been the focus of efforts to date.  However, they are not representative of all estuarine habitats that should be included for a long-term habitat monitoring plan.  The ecosystem classification system currently under development will add additional strata to the sampling pool, such as deep main channel and shallow channel margins and other strata will emerge with the classification’s mapping of ecosystem complexes (Level 4) and geomorphic catena
 (Level 5).  Additionally, water quality and toxicology sampling sites were not co-located with physical habitat characterization during the first three years of the Ecosystem Monitoring Project.  As this program develops, we plan to co-locate physical and chemical sampling so that attributes related to physical habitat, toxicology, water quality and other metrics can be related to fish abundance and distribution at these areas (likely via feeding and growth). 
Site selection for the FY07-09 proposal will involve several considerations.  The process initially will involve selection of estuarine reaches in which to concentrate sampling each year,  selection of habitat strata within each reach, and random (or as close as possible) selection of sites within each strata. The second consideration is co-location of habitat, water quality, fish and toxicological sampling together at some sites.  The Ecosystem Monitoring Project will coordinate co-location site analysis in the field using all of the project partners including USGS, UW, NOAA, PNNL, and the Estuary Partnership.  With the objective of gathering paired samples for habitat, water quality, fish and toxicology, sampling locations will be positioned within each site. This process enables the most relevant information to be developed to allow cross-correlation of multiple parameters, such as habitat quality, as well as to determine the effect of broader controlling factors, such as water temperature, water level, and current velocities on habitat characteristics.  This is designed to provide the most powerful format to interpret changes in the shallow water system. 

For the Ecosystem Monitoring Project’s water quality monitoring, our sampling framework was designed, and sites were selected in 2003-2004, and sampling was carried out in 2004-2005.  The Ecosystem Monitoring Project established a toxic contaminant monitoring network on the lower river and estuary that included six sampling sites located at intervals along the river from Bonneville to the mouth of the estuary.  These sites were situated in areas where equipment was in place for water quality monitoring, and that were also close to suitable locations for the collection of outmigrant juvenile salmonids.  The geographic range of the sites made it possible to collect baseline data through the extent of the river and estuary, and also to monitor changes in contaminant uptake as salmon travel down the river.  
More specifically, sites selected for sampling in 2004-05 were those either currently being sampled by USGS at a reduced frequency or with a reduced suite of chemical parameters or those with a suitable long-term record for analyzing changes in water quality over time. Several of our sites were located at or near sites where some previous monitoring has been conducted as part of other NOAA studies to measure contaminant exposure in juvenile salmonids (Johnson et al. 2006b) so preliminary data were available for comparison and for future assessment of trends in toxic contaminant concentrations over time.  Our sampling site network also targeted specific problem areas around the Portland region, identified as contaminant hot spots in earlier studies (Johnson et al. 2006b)  Sites will be selected for the work proposed in the FY07-09 proposal using the habitat classification system to better characterize shallow water habitats, to complement the primary and secondary productivity evaluations, and to provide further information about these locations with regards to potential juvenile salmonid habitats.
In terms of data collected and analyzed as a part of the water quality monitoring efforts of the Ecosystem Monitoring Project, USGS will complete a data report on its water quality monitoring work, including data from water-column, suspended-sediment, and Semipermeable Membrane Device sampling by the end of August 2006.  The Ecosystem Monitoring Project is receiving funding for an additional year of work to begin September 1, 2006 to August 31, 2007 (Year 4) and this information will be evaluated in an interpretive report to be completed as a task for Year 4 by August 2007. These data provide a baseline data set to establish water-quality conditions in the lower Columbia River and estuary at this time and can be compared to previously collected data sets to evaluate any trends that may be apparent. Likewise, this information serves as a measure of what is happening in the main channel of the river that can be compared to the variability the Ecosystem Monitoring Project expects to see when measuring the shallow water habitats proposed for study in the FY07-09 proposal.  Additionally, these data, including the presence or absence, timing of delivery, and potential source areas of contaminants, will be important inputs to the models developed by NOAA, which will refine our understanding of contaminant exposure/uptake and the potential risks to salmonid survival.

In turn, NOAA Fisheries is still analyzing whole body samples from salmon in the lower Columbia River and estuary for contaminants; this task will be completed by the end of July 2006.  Once this is finished, the major task will be to complete analysis of the data and prepare a report on the field monitoring results for the Estuary Partnership and BPA.  Additionally, NOAA will use the data to parameterize the contaminant exposure models, and run the models to see if projected body burdens in salmon match those actually found in the fish that were collected.  The modeling exercises will help identify the sources that appear to contribute the most to salmon body burdens, and to determine if there are important inputs that have been previously overlooked.  NOAA will also use the contaminant data in population models to evaluate likely effects on salmon abundance. Data from previous laboratory and field studies will be used to link contaminant concentrations in fish, prey, or water to growth and survival rates.  Model results will also be described in the final report to be prepared for the Estuary Partnership and BPA.  

In Year 4, NOAA will complete chemical analyses of sediment samples from the salmon collection sites and taxonomic analyses of stomach contents samples collected from juvenile salmon to determine their major prey types, and better understand how different types of prey (e.g., terrestrial vs. aquatic) contribute to contaminant body burdens. Additionally, NOAA will measure contaminant body burdens in sticklebacks collected from the salmon sampling sites to provide information on contaminant concentrations in a resident fish species, that is also an important forage fish and prey species for birds, piscivorous fish, and mammals. NOAA will also conduct otolith analyses for growth rate estimates and plasma chemistry analyses to measure biochemical indicators associated with growth and metabolic status.   

The work the Ecosystem Monitoring Project has accomplished so far for water quality monitoring and the work that will be completed in Year 4 provide a solid basis for the proposed work in the FY07-09 proposal because our analyses have established that contaminants are present in the lower Columbia River and estuary and are being taken up by juvenile salmonids at concentrations high enough to potentially contribute to poor survival and reduce likelihood of stock recovery of listed salmonids. Our research is also showing that while some contaminants are mostly associated with urbanized areas, others, such as DDTs are present throughout the estuary.  These findings highlight the need for toxics monitoring in habitats utilized by juvenile salmon, and the need to assess whether or not toxics are present particularly in areas where habitat restoration is planned. As part of the first three years of the Ecosystem Monitoring Project, we developed a framework for assessing risks associated with toxicant exposure in salmon, as well as quantitative models to estimate exposure and population impacts.  These models can be applied to data collected in the proposed program to relate toxicant exposure to salmon survival.

Additionally, the information on contaminant concentrations in salmon of different genetic stocks of origin may help to target regions and populations where contaminants are a particular concern for future monitoring.  Also, NOAA is testing several metrics (body lipid profiles, otolith analyses for growth, and plasma chemistry measurements) that may be associated with salmon growth and health, and can use these results to refine the set of measurements employed in future Ecosystem Monitoring Project studies.

Finally, analyses of salmon stomach contents taxonomy samples will provide useful data on prey items of salmon utilizing upriver tidal freshwater sites that have not been sampled as extensively as sites in the lower estuary, and may help identify specific prey sources that are important contributors to toxicant body burdens in Lower Columbia River salmon.  This information will be used to refine future sampling and analysis design for salmonid prey work proposed in the FY07-09 proposal. 

18) ISRP COMMENT: In the abstract, the sponsors justify the continuation of the monitoring (actually mainly research observations) “aimed at increasing the survival of juvenile salmonids by assessing habitats.” However, the proposal lacks information on how survival will be determined.

RESPONSE: The Ecosystem Monitoring Project’s goals are to create a consistent approach to protocol development and status and trends monitoring of estuarine habitats. We do however, acknowledge the importance of defining the relationship between habitat quality/habitat quantity and survival of juvenile salmonids and believe the underlying intent of our monitoring efforts is to assess important attributes that potentially influence juvenile salmon survival.  For example, by characterizing vegetation; assessing water quality parameters, such as temperature and dissolved oxygen; measuring specific toxics in the water column, sediments, salmon, and their prey; and monitoring salmon prey quantity at tidally influenced wetlands, the Ecosystem Monitoring Project is providing information on potential juvenile salmonid habitats and factors that could limit salmonid opportunity in these habitats.  Through the Ecosystem Monitoring Project, interannual variability of habitat characteristics will also be monitored at tidally influenced wetlands, which in turn can help improve the understanding of the linkages between habitat quality/quantity and juvenile salmon survival.
It is clear from results emerging from research conducted by NOAA/UW, PNNL/NOAA/CREST and others that the metrics the Ecosystem Monitoring Project has chosen for monitoring are linked to salmonid habitat opportunity, such as temperature and dissolved oxygen, and salmonid habitat capacity, such as prey quantity and vegetation that may be key limiting factors in the system (Bottom et al., 2005; Roegner et al., 2005).  For some of the metrics (e.g., temperature, dissolved oxygen, and certain toxicants), levels or concentrations associated with sublethal health effects or an increased risk of mortality in salmon are fairly well-defined (e.g., Meador et al. 2002; Arkoosh and Collier 2002; Baldwin et al. 2003; Sandahl et al. 2005; Bechvar et al. 2005; Bottom et al. 2005) so likely impacts on salmon survival rates can be inferred, and impacts on abundance can be examined through population modeling (Loge et al. 2005; Spromberg and Meador 2005). The Ecosystem Monitoring Project is developing this type of analysis as part of our current water quality and toxics monitoring program and it can be applied to data as part of the proposed monitoring for FY07-09. The Estuary Partnership will also include sampling for salmonid occurrence and various metrics associated with salmon growth and condition (e.g., length, weight, body lipid profiles and content, plasma chemistry) that can be predictive of future survival (Biro et al. 2004; Finstad et al. 2004).  This information will help to define characteristics of habitats that best support juvenile salmon. 

Other research and monitoring efforts are providing information on other monitored metrics that can be linked to juvenile salmonid survival estimates through mark and recapture and other methods, such as Project number: 200301000 led by NOAA, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat.”  This project is providing much-needed information about how juvenile salmon are using diverse estuarine habitats and could complement habitat monitoring information collected by the Ecosystem Monitoring Project. 

Sharing of complementary data from the Ecosystem Monitoring Project’s efforts and from NOAA’s research on juvenile salmon is planned within this proposed program.  The Ecosystem Monitoring Project and NOAA have agreed to share data results and to attempt to coordinate sampling locations between these two projects.  Potential opportunities for co-locating sampling locations include Wallace Island and Lord Island areas, which are already being sampled by the NOAA/UW team. This coordination will enable the Ecosystem Monitoring Project to provide data on parameters that are not assessed as a part of NOAA’s growth, abundance and distribution work as well augment NOAA’s research with salmonid abundance and distribution information at sites where NOAA/UW are not sampling.  The Ecosystem Monitoring Project will provide information on monitored metrics that may be contributing to decreased salmonid survival, such as salmon distribution and abundance, vegetation and prey in shallow water habitats at sites where NOAA/UW are not sampling, and water quality information, including the occurrence of toxics known to impact salmonid immune systems, growth and fecundity.  In turn, NOAA would provide data on salmonid distribution and abundance patterns, and genetics information that will supplement and expand similar information being colleted as part of the Ecosystem Monitoring Project. Through sampling within the same space and time, we expect to develop a powerful dataset that will be used for, among other purposes, linking habitat conditions with salmonid abundance, distribution, growth and condition, all of which are attributes that can improve our understanding of the relationship between habitat quality/quantity to juvenile salmon survival.  This type of coordinated research leverages resources of expertise and funding and focuses these resources on the key question of what factors affect salmonids within the estuary. These results should provide a basis for ecosystem-based management decisions regarding habitat preservation and restoration and hydrologic control of the system.
19) ISRP COMMENT: Methods are documented in sufficient detail. Most are appropriate, but they do not address survival at the population (or even "subpopulation") level.

RESPONSE: The Ecosystem Monitoring Project’s goals are to create a consistent approach to protocol development and status and trends monitoring of estuarine habitats. We do however, acknowledge the importance of defining the relationship between habitat quality/habitat quantity and survival of juvenile salmonids and believe the underlying intent of our monitoring efforts is to assess important attributes that potentially influence juvenile salmon survival.  For example, by characterizing vegetation; assessing water quality parameters, such as temperature and dissolved oxygen; measuring specific toxics in the water column, sediments, salmon, and their prey; and monitoring salmon prey quantity at tidally influenced wetlands, the Ecosystem Monitoring Project is providing information on potential juvenile salmonid habitats and factors that could limit salmonid opportunity in these habitats.  Through the Ecosystem Monitoring Project, interannual variability of habitat characteristics will also be monitored at tidally influenced wetlands, which in turn can help improve the understanding of the linkages between habitat quality/quantity and juvenile salmon survival.
It is clear from results emerging from research conducted by NOAA/UW, PNNL/NOAA/CREST and others that the metrics the Ecosystem Monitoring Project has chosen for monitoring are linked to salmonid habitat opportunity, such as temperature and dissolved oxygen, and salmonid habitat capacity, such as prey quantity and vegetation that may be key limiting factors in the system (Bottom et al., 2005; Roegner et al., 2005).  For some of the metrics (e.g., temperature, dissolved oxygen, and certain toxicants), levels or concentrations associated with sublethal health effects or an increased risk of mortality in salmon are fairly well-defined (e.g., Meador et al. 2002; Arkoosh and Collier 2002; Baldwin et al. 2003; Sandahl et al. 2005; Bechvar et al. 2005; Bottom et al. 2005) so likely impacts on salmon survival rates can be inferred, and impacts on abundance can be examined through population modeling (Loge et al. 2005; Spromberg and Meador 2005). The Ecosystem Monitoring Project is developing this type of analysis as part of our current water quality and toxics monitoring program and it can be applied to data as part of the proposed monitoring for FY07-09. The Estuary Partnership will also include sampling for salmonid occurrence and various metrics associated with salmon growth and condition (e.g., length, weight, body lipid profiles and content, plasma chemistry) that can be predictive of future survival (Biro et al. 2004; Finstad et al. 2004).  This information will help to define characteristics of habitats that best support juvenile salmon. 

Other research and monitoring efforts are providing information on other monitored metrics that can be linked to juvenile salmonid survival estimates through mark and recapture and other methods, such as Project number: 200301000 led by NOAA, “Historic Habitat Opportunities and Food-Web Linkages of Juvenile Salmon in the Columbia River Estuary and Their Implications for Managing River Flows and Restoring Estuarine Habitat.”  This project is providing much-needed information about how juvenile salmon are using diverse estuarine habitats and could complement habitat monitoring information collected by the Ecosystem Monitoring Project. 

Sharing of complementary data from the Ecosystem Monitoring Project’s efforts and from NOAA’s research on juvenile salmon is planned within this proposed program.  The Ecosystem Monitoring Project and NOAA have agreed to share data results and to attempt to coordinate sampling locations between these two projects.  Potential opportunities for co-locating sampling locations include Wallace Island and Lord Island areas, which are already being sampled by the NOAA/UW team. This coordination will enable the Ecosystem Monitoring Project to provide data on parameters that are not assessed as a part of NOAA’s growth, abundance and distribution work as well augment NOAA’s research with salmonid abundance and distribution information at sites where NOAA/UW are not sampling.  The Ecosystem Monitoring Project will provide information on monitored metrics that may be contributing to decreased salmonid survival, such as salmon distribution and abundance, vegetation and prey in shallow water habitats at sites where NOAA/UW are not sampling, and water quality information, including the occurrence of toxics known to impact salmonid immune systems, growth and fecundity.  In turn, NOAA would provide data on salmonid distribution and abundance patterns, and genetics information that will supplement and expand similar information being colleted as part of the Ecosystem Monitoring Project. Through sampling within the same space and time, we expect to develop a powerful dataset that will be used for, among other purposes, linking habitat conditions with salmonid abundance, distribution, growth and condition, all of which are attributes that can improve our understanding of the relationship between habitat quality/quantity to juvenile salmon survival.  This type of coordinated research leverages resources of expertise and funding and focuses these resources on the key question of what factors affect salmonids within the estuary. These results should provide a basis for ecosystem-based management decisions regarding habitat preservation and restoration and hydrologic control of the system.
20) ISRP COMMENT: Most objectives are well defined with carefully thought out time horizons and goals. There are some exceptions, for example objectives for sturgeon and lamprey are mentioned in the proposal but not in the narrative. 

 

RESPONSE: Although the Ecosystem Monitoring Project is providing information on ecosystem processes that support many aquatic species, the Subbasin objectives for sturgeon and lamprey were incorrectly listed in the proposal and have been removed.
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Introduction

The overall goal of the Lower Columbia River Estuary Partnership (Estuary Partnership) is to achieve a high level of biological integrity in the estuary.  Our current understanding of the interactions and relative effect of toxics and conventional pollutants on salmonid life-histories in the Lower Columbia River and Estuary (LCR&E) is limited, therefore, a water quality monitoring program is one component designed towards achieving this goal.  The water quality monitoring program will also help BPA meet its responsibilities to the 2000 FCRPS BiOp, since it is a product of RPA 161, which states:

“Between 2001, and 2010, the Corps and BPA shall fund a monitoring and research program acceptable to NMFS and closely coordinated with the LCREP monitoring and research efforts (Management Plan Action 28) to address the estuary objectives of [the FCRPS] Biological Opinion.”

To this end, the Lower Columbia River Estuary Partnership proposes to implement the water quality monitoring component of its Aquatic Ecosystem Monitoring Strategy for the Lower Columbia River (1998) as a means of further determining the limiting factors to salmon recovery in the estuary.

The Columbia River provides critical habitat for threatened and endangered salmon species in the Pacific Northwest.  Twelve stocks from this region are threatened or endangered, including Lower Columbia River chinook and steelhead, Upper Columbia River chinook and steelhead, Columbia River chum, Upper Columbia spring chinook,  Snake River spring/summer chinook,  Snake River fall chinook, mid-Columbia River steelhead, Snake River steelhead, and Snake River sockeye.  For at least some period of time, all of these stocks use the Columbia River estuary for a migration corridor, and some stocks, such as the Lower Columbia River, Upper Columbia River, and Snake River fall chinook, and Columbia River chum, use it for a more extended period of rearing.   

During their passage through and residence in the Columbia Estuary, salmon are exposed to a variety of environmental contaminants from numerous sources including municipal and industrial permitted discharges, atmospheric deposition, urban and industrial nonpoint pollution, accidental spills of oil and hazardous materials, and runoff from agricultural and forested areas (Fuhrer et al. 1996; LCREP 1999). In addition to inputs from the Lower Columbia region, contaminants may also be transported to the estuary from areas of known sediment contamination above the Bonneville Dam such as the Yakima River (Rinella et al. 2000; Fuhrer et al. 1996), Lake Roosevelt (Bortleson et al. 1994) and other tributaries (Fuhrer 1989; Roy F. Weston Inc. 1998). 

Johnson et al. (in press) state, “More research is clearly needed to document exposure and associated effects of chemical contaminants on Columbia Estuary salmon . . .”  The water quality monitoring program will further contribute to describing the effects of toxics and conventional pollutants on the recovery potential of salmonids in the estuary.

Relationship to Other Projects

This project is linked to others in the Columbia River Estuary.  The project will contribute to the General Investigations study, which partially addresses RPA 159, by recommending water quality improvements in the estuary.  One objective of the water quality monitoring program is to develop a toxics and pollutants conceptual model for the estuary, explicitly described in RPA 158’s Action Plan as a deliverable under RPA 162, to aid in Research Monitoring and Evaluation (RM&E) efforts.  The water quality monitoring project in combination with the Estuary Partnership’s habitat monitoring project is intended to work in conjunction with ongoing NOAA Fisheries research and monitoring work.  This project will be an integral component to the Status Monitoring and Uncertainties Research efforts for RM&E in the estuary as outlined by the Estuary/Ocean Sub-Group (EOS) in the draft RM&E plan for the estuary.

Project Scope
The Estuary Partnership’s water quality project has 3 components to further the understanding of the effect of toxic and conventional pollutants on salmonid life-history types within the LCR&E.

1. Development of a toxics and conventional pollutant conceptual model as a guidance tool to direct on the ground monitoring efforts, and subsequent semi-quantitative to quantitative models of contaminant transport, uptake and effects on salmon to evaluate risk to listed salmon stocks

2. Fixed station and synoptic monitoring of a suite of conventional and toxic pollutants

3. Analysis of fish tissue, plasma vitellogenin, and biomarkers to determine exposure levels of salmonids to toxic pollutants

Project Goals

1. Develop a conceptual and semi-quantitative understanding (e.g. models) of contaminant sources, transport, exposure/uptake, life history, effects, and risk to salmon survival, which will be used to guide future data-collection activities to determine contaminant effects on salmon and ESU recovery; 

2. Begin to quantify the spatial distribution and the temporal variation (seasonal and annual) of contaminant concentrations in water, suspended sediment, and salmon throughout the LCR&E. 
3. Based on conceptual model predictions, assess the potential for emerging contaminant issues including pharmaceuticals, industrial contaminants, flame retardants, and other organic wastewater contaminants that may be impacting salmon in the LCR&E; 

4. Based on existing and currently collected data, identify contaminants that are likely affecting salmon; 

5. Within the scope and funding constraints of the study, examine whether operation of the Federal Columbia River Power System (FCRPS) is likely causing or exacerbating contaminant impacts on salmon; if so, develop hypotheses that should be tested in future monitoring efforts; 

6. Improve our understanding of contaminant thresholds in water and bioaccumulations in biological tissue that are harmful to salmon (develop hypotheses that should be tested in future monitoring efforts); 

7. In consultation with Bonneville Power Association (BPA) and within the scope of the study, use existing and currently collected water-quality data to assess management actions that may mitigate for the operation of FCRPS and/or lead toward ESU recovery under ESA. 

Partnerships
The project will be performed in coordination with several agencies including National Oceanic Atmospheric Administration (NOAA) Fisheries Northwest Fisheries Science Center (NWFSC) in Seattle, Washington, and the U.S. Geological Survey (USGS), Water Resources Division, Portland, Oregon, USGS Biological WFRC Columbia River Research Lab (CRRL), in Cook, Oregon, U.S. Fish and Wildlife Service (FWS), Oregon Department of Fish and Wildlife (ODFW), Washington Department of Fish and Wildlife (WDFW), U.S. Army Corps of Engineers (COE), Portland Office; U.S. Environmental Protection Agency (EPA), Region 10; Washington State Department of Ecology (DOE); and  Oregon Department of Environmental Quality (DEQ).

Project Location 
The proposed project will be conducted within the LCR&E, representing the river reach from the mouth to Bonneville Dam at river mile (RM) 146.  Specific locations of water quality and fish monitoring sites (Tasks 2 and 3) are detailed within each task.  Since the Upper Columbia and Snake River areas will be of interest for sources of contamination that could affect interior stocks, the conceptual model (Task 1) will initially draw largely from the Water Quality GIS database developed by the USGS CRRL for the Willamette/Lower Columbia River-Technical Recovery Team, which is comprised of data collected from The Dalles Dam (RM 192) down to the mouth of the Columbia River estuary (RM 0), including all tributaries feeding into this stretch of the Columbia River. Thus, the entire Willamette River Basin and lesser tributaries such as the Lewis, Hood, and Wind rivers are included, encompassing 54,858 km2. 
Task 1.  Salmon Exposure and Ecological Risk Model.  Transport, Fate, Exposure and Ecological Risk Model for Chemical Contaminants in the Lower Columbia River & Estuary 

Project Description 

It has already been established that outmigrant juvenile salmon collected from the LCR&E are accumulating certain organochlorine contaminants, including DDTs and PCBs, in some cases at concentrations high enough to potentially affect their health and survival (Johnson et al. in prep., Fresh et al. 2003, Meador et al. 2002).  However, as yet, the risks that contaminants pose to the survival and productivity of specific ESUs are poorly characterized, and the management actions that might best alleviate the problem are not well-defined.  Uncertainty occurs at three levels:

1) The sources of exposure are unclear. The role of the river in transporting contaminants to the estuary, the relative contributions of contaminants from sources in the estuary or upstream, and the contribution of contaminants in water column or suspended sediments vs. those in bed sediment to body burdens in resident biota are poorly understood (LCREP 1999; SEI 2000). 
2) The types and extent of exposure are poorly characterized for specific ESUs, although this is important in developing strategies for the recovery of these distinct populations.

3) Effects of exposure on survival and productivity of listed salmon stocks are not certain. Although exposure levels for some contaminants are already at or above thresholds for effect, the proportions of most ESUs that may be affected, and the types of effects which may result from current levels of contaminant exposure, are largely unknown. 

A useful way to address such questions is by applying the ecological risk assessment framework (EPA 2002) to the problem of toxicant impacts on salmon.  This process involves 1) formulating the problem, through the development of a conceptual model that identifies exposure sources, exposure pathways, and likely effects on salmon; understanding the dynamics of how these contaminants are transported through the ecosystem and taken up by species of concern, through modeling and monitoring of exposure in wild fish (exposure assessment); identifying health impacts of exposure (effects assessment); using measurement, testing, and mathematical or statistical models to quantify the relationship between exposure and impacts on survival and productivity of salmon (risk characterization); and identifying appropriate management scenarios to minimize the hazard (risk management).

Objectives

The long-term objective of this component of the monitoring plan is to develop a series of models that will provide us with a conceptual and semi-quantitative to quantitative understanding of contaminant sources, transport, exposure/uptake, and effects on salmon stocks in the LCR&E; allow us to assess the risk that the contaminants constitute to the survival and productivity risk to survival of listed ESUs; and suggest management actions that might be undertaken to reduce those risks. 

This effort will include the following components:  

1) A conceptual model, to be developed in the first year of the study, will identify contaminant sources, and describe likely modes and routes of transport (e.g., sediment transport and deposition, trophic processes) potential exposure and uptake of toxicant by listed salmon stocks, and possible effects on survival and productivity, based on existing toxicological information. It would also specify regulatory or management issues to be addressed.  This phase would include a review of existing data to determine which types of quantitative information are available on contaminant releases, transport and sedimentation processes, relevant salmon life history characteristics, and contaminant concentrations in sediment and biota that could be used for more quantitative assessments.  The conceptual model will 1) help us to consolidate existing knowledge of contaminant fate and transport in the LCR&E and allow better identification of sources, as well as biotic and abiotic cycling processes that could influence contaminant concentrations in various compartments, as well as in salmon utilizing the Columbia River system; 2) develop hypotheses about exposure patterns and risks in specific ESUs, that can be verified with field monitoring; and 3) allow us to identify critical data gaps that can be addressed by sampling efforts in subsequent years.  Using the conceptual model as a framework, two related semi-quantitative to quantitative models would be developed:

2) A model of contaminant flux in the LCR&E.  A mass balance and bioaccumulation model for bioaccumulative organic compounds (e.g., DDTs, dioxins, and PCBs) in sediment, water, and biota. This model would identify natural processes (e.g., trophic processes, energy transfer, physical relationships); activities (e.g., industrial activity, agriculture); and anthropogenic perturbations (e.g., increased contaminant loadings, changes in sediment type, increased nutrients) that impact the LCR&E environment, and regulatory or management issues to be addressed, along with the linkages within, as well as among, these components.  Similar models have been developed for a number of well-regarded monitoring programs in the United States, including those in Galveston Bay, Puget Sound, and Chesapeake Bay (Proctor et al., 1980; NOAA, 1983; Clark, 1986; Galveston Bay NEP, 1994; Newton et al. 2000), and have proved to be very useful in insuring that monitoring programs are well-integrated and effective in gathering information that is relevant to both scientific understanding and resource management concerns.

3) An ecological risk model which would link predicted or measured contaminant body burdens or exposure levels in specific salmon stocks to potential adverse health effects in individuals, and model the consequences of those impacts on population growth rates and related parameters associated with stock viability.
Task Overview

Development of an ecological risk model for listed salmon in the LCR&E will proceed in several phases.  The first phase will be development of a descriptive conceptual model for contaminant flux, uptake and/or bioaccumulation in the LCR&E.  Using this model as a basis, a review of available data will be conducted to determine which types of quantitative information are available on contaminant releases, transport and sedimentation processes, and concentrations in sediment and biota that could be used to parameterize the model.  The extent to which exposure levels or body burdens of contaminants can be linked to health effects in salmon will also be evaluated.  This review will identify critical data gaps that can be addressed by additional sampling or biological effects studies in subsequent years.   During the next phase, development of a more quantitative model of contaminant transport and uptake within the Lower Columbia would be initiated, using existing data and any new information collected as part of the Estuary Partnership’s water quality and fish monitoring efforts (Tasks 2 and 3) planned for FY2004-2006. Finally, data from monitoring and modeling efforts will be used to develop an ecological risk model to predict impact of contaminant exposure on health, survival and productivity of listed salmon stocks. These models will be further refined in the future as additional data become available, and could be used on a long-term basis as a tool for guiding monitoring activities and understanding contaminant transport, uptake, and biological effects in the Columbia.   

Task 1.A: Conceptual Model Development.  Develop a conceptual model of contaminant flux, uptake, and effects of listed salmon in the Lower Columbia. 
The conceptual model will describe predicted relationships between listed salmon stocks and the chemical contaminants to which they may be exposed.  More specifically, it will identify activities (e.g., industrial activity, agriculture) that may result in the release of contaminants into the Columbia River system; contaminant loadings or accumulations that have already been documented; natural processes (e.g., trophic processes, energy transfer, physical relationships; fish habitat use patterns) that may influence contaminant transport and uptake; likely effects of exposures on salmon health and survival; and regulatory or management issues to be addressed, along with the linkages within, as well as among, these components.  The conceptual model will provide an ecological framework for understanding dynamics of contaminant transfer and uptake by salmon in the Columbia, assist us in the development of hypotheses about the potential risk of contaminants to specific listed ESUs, and form the basis for development of a more quantitative model.  WDFW personnel, who have experience with developing a similar model for Puget Sound, will assist with planning.  NOAA Fisheries and WDFW staff will initially review relevant models from other projects (e.g., Puget Sound model, trophic-food web models developed by the habitat monitoring component of the Estuary Partnership group, and the conceptual model of ecosystem processes developed in conjunction with the Channel Improvement Project), and prepare background information for other partners.  A workshop or meetings will then be organized with representatives from USGS, NOAA Fisheries, USFWS, the COE, EPA, DOE, and DEQ and other invited experts to develop the Estuary Partnership model, and to identify relevant data from their agencies on contaminant releases, transport, uptake and effects. 

Schedules and timeline:  Workshop(s) to be held in 2004; report to be completed by December 2004. 

Deliverables for Task 1.A: A descriptive report showing general relationships for conceptual model  

 Participating Agencies

Fish and Wildlife Service 


U.S. Geological Survey 





NOAA Science Center

US EPA


US Army Corps of Engineers


Washington State DOE


Oregon DEQ 
Task 1.B.  Data Review. 
Review available data (identified in workshop) on contaminant inputs the Lower Columbia, physical processes affecting contaminant transport and deposition, contaminant concentrations in sediments and biota, and contaminant effects on salmonids and prey to identify information that can be used for quantitative model development and risk assessment, and identify critical data gaps.  Monitoring and research activities will then be identified that can provide the needed information to fill data gaps.  This data review will be conducted in conjunction with the USGS Columbia River Research Lab (CRRL), using the water quality GIS database (WQ GIS) which they are developing to conduct a habitat/WQ data inventory. The current version of this database was developed for the Willamette and Lower Columbia River Technical Recovery Team (WLCR-TRT) in 2002 to support recovery planning of endangered salmon and steelhead stocks, and contains a large amount of water quality data from the Columbia and Willamette River Basins. Principal contributors to the WQ GIS database include the USGS Water Resources Division, EPA, and Washington and Oregon State and County governments. Fortuitously, the WQ GIS can be modified and incorporated into the Estuary Partnership’s Long Term Monitoring Plan to assist in (1) habitat/WQ inventory and monitoring, (2) change detection analyses, (3) development of a conceptual model, and (4) constructing presence-absence or relative risk models for salmon.

Schedules and timeline:  Data review would be initiated as part of conceptual model workshops, with follow-up in subsequent months.  Catalog of data available will be compiled for inclusion in report on conceptual model to be completed December 2004. 

Deliverables for Task 1.B.  A catalog of type, quality and quantity of data available for each component of conceptual model and list of critical gaps where no or insufficient information is available.  Report expected in December 2004

Identified contributing partners

Fish and Wildlife Service 


U.S. Geological Survey 





NOAA Science Center


US EPA


US Army Corps of Engineers


Washington State DOE


Oregon DEQ


CRITFC

Task 1.C.  Development of semi-quantitative to quantitative model of contaminant flux in the Lower Columbia. 
The goal of this task is to develop, using the conceptual model as a framework, a more quantitative model of contaminant transport and uptake within the Lower Columbia, using existing data and any new information collected as part of Estuary Partnership’s water quality and fish monitoring efforts (Tasks 2 and 3) planned for FY2004-2006.  This activity would be led by a contract hire with expertise in this area, with assistance from other Estuary Partnership partners. Model development will be supported by ongoing modeling efforts on physical habitat changes, flow, and sediment transport conducted by NOAA Fisheries Fish Ecology Division in collaboration with OSU investigators; as well as studies on sediment transport in the Columbia River to be carried out by NOAA Fisheries and NOAA-NOS under the Pacific Northwest component of the NOAA Coastal Storms Initiative (See http://www.csc.noaa.gov/csi/)

Schedules and timeline:  Model development will be initiated in fall of 2004 following conceptual model development; model to be completed in 2006. 
Deliverables for Task 1.C

A quantitative or semi-quantitative model providing information on contaminant sources, transport, and exposure risk for selected stocks; project report describing model for incorporation into final report to be completed in 2006. 

Partners:


U.S. Geological Survey


NOAA-Fisheries 

Task 1.D.  Development of ecological risk model to predict impact of contaminant exposure on health, survival and productivity of salmon stocks. 
The goal of this task is to develop, using the conceptual model as a framework, quantitative models linking contaminant body burdens or other exposure measures to specific health risks in salmon (e.g., reduced growth, survival, fecundity, immune dysfunction, behavioral abnormalities), and to model the likely impact of those impairments on survival and productivity of specific listed stocks.  Two types of data would be generated for parameterization of this model:  1) Data on exposure levels in Columbia River salmon stocks, which would include existing data as well as new information on salmon exposure collected as part of Estuary Partnership’s water quality and fish monitoring efforts (Tasks 2 and 3) planned for FY2004-2006; and 2) data on dose-response relationships for key contaminants and health effects endpoints (e.g., survival, growth, disease resistance, reproductive function, behavior) from laboratory studies and field surveys of exposure and effects.  These data would come from the publishing literature, and from ongoing research  conducted by NOAA Fisheries and partner agencies under other funding authorities.  Population level assessments would be conducted primarily by NOAA fisheries staff, using projection matrices (Caswell 2001) to determine population growth rate under various exposure scenarios.  Similar techniques were used by Spromberg and Meador (2003) to contaminant impacts on population viability of salmon, and have also been used in other analyses of impacts of anthropogenic activities on salmon populations (Kareiva et al. 2000). If additional funds can be allocated, modeling support may also be provided by the CRRL, using the GIS to do relative risk assessment for selected species. The relative risk models would probably be cell-based (raster), ranking potential risk to sensitive species throughout the project area based upon contaminants found in tissue, sediment, and water bodies within the immediate surroundings (models can be multiscaled). The model could be further refined in the future as additional data become available, and could be used on a long-term basis as a tool for understanding contaminant transport, uptake, and effects on salmon in the Columbia, and for guiding monitoring and remediation activities. 

Schedules and timeline:  Model development will be initiated in fall of 2004 following conceptual model development; model to be completed in 2006.  

Deliverables for Task 1.D

A quantitative or semi-quantitative model providing information on exposure risk and projected population impacts for selected stocks; project report describing model for incorporation into final report to be completed in 2006. 

Partners:


U.S. Geological Survey


NOAA Science Center contractor
Task 2. Water Quality Monitoring in the Lower Columbia River Basin: Fixed Station Monitoring, Emerging Contaminants, and WEB Support.

Overall Goal

Begin to assess linkages between the presence of toxic contaminants and salmon populations with respect to the Federal Columbia River Power System, and geographically, with respect to the Lower Columbia River and Estuary.
Project Description 

Monitoring data are integral in assessing changes in long term water quality, understanding sources of contaminants, and affecting management decisions in the LCR&E.
Earlier studies within the LCR&E (Fuhrer et al. 1996, McCarthy and Gale 1999, Fuhrer and Rinella 1983, Fuhrer 1986) have begun to chronicle the presence of trace elements and pesticides in water, suspended sediment, and streambed sediment. Legacy pesticides were found in streambed sediment, most often in depositional areas with fine grained sediment high in organic carbon content.  Subseqent studies of  contaminant residues in juvenile salmonids (Johnson et al. in press), and Ospreys (Henny et al. 2003) clearly show that some legacy pesticides biomagnify and move up the food chain. Trace elements are transported to the LCR&E in both suspended and dissolved forms in water (Fuhrer et al. 1996). Albeit, trace elements transported on suspended sediments have been significantly enriched due to mining related activities in the upper Columbia (Howowitz, et al. 1999), suspended sediments in the LCR&E continue to accumulate trace elements in a downstream direction as a result of tributary inputs, most notably the Willamette River. Further quantification of trace elements is necessary since, in addition to the inherent toxic properties of arsenic, cadmium, chromium, copper, lead, and mercury at threshold concentrations, even sublethal concentrations of some of these trace elements inhibits sensory physiology which is vital for survival and migratory success of wild salmonids (Baldwin et al. 2003). Additionally, low levels of these chemicals are beginning to be identified as endrocrine disrupters with embryonic mortality and adult mortality in amphibians, birds, and fish.  Further monitoring data are needed to assesss the occurrence and distribution of legacy pesticides and trace elements –specifically the transport role of dissolved and sediment-associated forms of these contaminants. 
Earlier studies of current use pesticides, which are hydrophylic, show these pesticides are present at low levels and often in mixtures (Fuhrer et al. 1994). A subclass of these pesticides collectively known as organophosphate and carbamate insecticides, found in environmentally relevant concentrations, can desynchronize the reproductive physiology of prespawning adult salmon, inhibit alarm responses,  prey capture,  and homing by disabling male salmonid’s olfactory functions (Scholz, et al. 2000). These pesticides have been found in tributaries affected by agricultural and urban land uses and are responsible for contaminant residues in the main stem of the LCR&E (Fuhrer et al. 1994). Further monitoring data are needed to; 1) determine the occurrence and distribution of these pesticides, 2) to expand the original pesticide suite to include new pesticides and pesticide degradation products, 3) to assess the duration of pesticide exposure during sensitive life histories for endangered wild Pacific salmon populations. 
Little is known nationally, and no data are available locally, to describe adverse effects to salmon populations from point and non-point source discharges of pharmaceuticals, hormones, and other organic wastewater contaminants to the Lower Columbia River and Estuary. These contaminants were found in 80 percent of the 139 streams tested nationally in 1999-2000 (Kolpin et al. 2002). the 95 organic waste water contaminants determined, fecal steroids, insect repellants, caffeine, antimicrobial disinfectants, fire retardants, and nonionic detergent metabolites were the classes detected commonly. Many of these contaminant classes pose developmental or toxic risks to salmon. For example, Atlantic salmon smolts exposed to environmentally relevant concentrations of 4-nonylphenol (a common surfactant) exhibited slower growth and had less liklihood of returning as adults (Brown et al. 2003). Male carp, Largemouth Bass, and endangered Razorback Sucker exposed to wastewater contaminants from Las Vegas, NV,  had  detectable blood plasma concentrations of the oral contraceptive “ethynyl estradiol” in Lake Meade (written commun, Steve Goodbred, USGS-BRD, 2004).  The antimicrobial disinfectant “triclosan” found in most deoderants was detected frequently in wastewaters (Kolpin et al. 2002), but effects to salmon are not yet known.
Polybrominated dephenyl ethers (PBDEs) are man made chemicals used as flame retardants in electronics, building materials, seat cushions, and clothing.  Similar studies of Great Lakes salmon showed that the average levels of PBDE contamination was 80 parts per billlion where the most intensive research has been conducted to date (Manchester-Neesvig et al. 2001). Concentrations of PDBEs in the upper Columbia River Basin’s Mountain Whitefish were as high as 72 part per billion and have increased 12-fold over the period 1992-2000 –an annual rate of increase of 1.6. PBDEs are similar toxicologically to PCBs, which have been measured at tissue concentrations exceeding adverse effects thresholds in juvenile salmon from the LCR&E.  PBDEs accounting for about 25 percent of the 600,000 metric tons of flame retardants produced world wide. Basic monitoring is needed in the LCR&E to: 1) assess occurrence and transport characteristics (role of dissolved and/or suspended sediment) of PBDEs, 2) assess if PBDEs are higher in concentration during periods of sustained low streamflow, and 3)  assess relative contributions from the upper Columbia Basin, from wastewater treatment plants in the lower estuary, and to the Pacific Ocean. 
Compounds within the above classes that operate through similar modes of action may have additive effects, so even if concentrations of individual compounds are low, their combined concentrations could be above toxicity thresholds. As a means of beginning to determine the relative contributions of the FCRPS to toxic and contaminant effects on salmon ESUs, water quality monitoring is needed to determine the presence and/or relative contribution of these chemicals as they are discharged: 1) to the upper reach of the lower estuary, 2) from the Portland wastewater treatment plant to the LCR&E, and 3) to the Pacific Ocean. The identification and quantification of PBDEs, current use and legacy pesticides, wastewater contaminants and trace elements and their sources is an essential component of the conceptual model.
To take full advantage of ongoing monitoring activities by State and Federal agencies, sites selected for sampling in 2004/2005 are those either currently being sampled, but at a reduced fre​quency or those being sampled, but with a reduced suite of chemical parameters, or those with suitable long term record for analyzing changes in water quality over time.

Objectives

1. To begin to quantify the spatial distribution and the temporal variation (seasonal and annual) of contaminant concentrations in water and suspended sediment at selected location in the Lower Columbia River.  

2. To form linkages between monitoring results and the conceptual model (Task 1). Monitoring results including presence or absence of contaminants, timing of contaminant delivery, and sources of contaminants will be important inputs to the conceptual modeling of contaminant exposure/uptake, relation of exposure to salmon life history, effects to salmon, and risk to salmon survival. 

3. Evaluate contaminant concentrations in water against standards and guidelines established for the protection of aquatic life. 
Task Overview

A long term monitoring plan was developed under the direction of the National Estuary Pro​gram to guide future monitoring activities in the LCR&E (Anderson et al. 1998). The major components of the plan were summarized in Volume 2 of the Lower Columbia River Estuary Plan titled “Aquatic Ecosystem Monitoring Strategy for the Lower Columbia River--Information Management Strat​egy”. The portions of the plan that relate to salmon health and to the Federal Columbia River Power System in the lower estuary were retained and linked to task 1 of the conceptual model and likewise to task 3 of the fish tissue monitoring.  Additionally, to take full advantage of ongoing monitoring activities, some sites selected for sampling in 2004/05 are currently being sampled, but at a reduced fre​quency or with a reduced suite of chemical parameters as a part of ongoing studies by USGS. Ongoing study sites are ideal candidates for continued sampling because they often have continuous streamflow records and multiple years of chemical data for some parameters. 
Monitoring will be accomplished through a combination of monthly samplings at three locations, and timed seasonal samplings at another 3 locations (see site Map). With support from USGS, monthly sampling begin in June 2004 and continue to June 2005. Three additional sites will be sampled during low streamflow conditions in summer when contaminants from urban-point sources and nonpoint sources (agricultural runoff) are likely being discharged to the LCR&E. The same three sites will again be sampled during a high streamflow event when overland runoff is transporting contaminants.  Thus, at two [image: image1.jpg]Lower Columbia River Estuary Partnership
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points in time, all six sites will be in operation.

Task 2.A Monthly sampling

Sites to be sampled on a monthly basis include:

Columbia River at Warrendale --The Columbia River at Warrendale is a former USGS National Stream Accounting Network (NASQAN) site that is not sampled presently, but for some parameters, has a rich historic data base for studying changes in water quality over time;

Willamette River at the Morrison Street Bridge --a NASQAN site and National Water Quality Assessment Program site sampled from 1974 to present for some parameter too, has a rich historic data base; 

Columbia River at Beaver Army Terminal --a NASQAN site sampled beginning in 1987 also with a rich data set for selected parameters.

On a monthly basis beginning in June 2004, each of the three sites will be visited by boat and a crew of three to collect water quality samples using USGS approved depth and width integrated sampling techniques and USGS parts per billion protocols. These sampling techniques and proto​cols ensure that representative samples are collected and that proper collection techniques and sample handling are practiced in order to avoid extraneous contamination. 

Deliverables

A final report on the findings and 1 year analysis of water quality data.

Task 2.B Seasonal Sampling—Conventional Methods

Additional sites to be sampled during low streamflow and highstream flows:

Columbia River near Columbia City—this location is downstream of the Multnomah Channel and has historic water quality data (Fuhrer et al., 1994) as well as fish tissue data  (TetraTech, 1991). 

Columbia River near West Sand Island--this location coincides with a NOAA fisheries sam​pling sites where organochlorine compounds have been detected in salmon.

City of Portand Waste Water Treatment Plant –treated effluents from the Portland are discharged to the Columbia River at RM 105.5 downstream of the I-5 crossing.

Deliverables

A final report on the analysis of conventional contaminant loads in relation to the Columbia River flow regimes

Task 2C –Seasonal Sampling --Semi-permiable membrane devices (SPMDs)

In addition to conventional water quality sampling, SPMDs (layflat-low density, polyethylene tubing filled with lipids) will be deployed for a 30 day interval. Two deployments will be made, one during low streamflows at all six locations and another during high streamflows.  Sampling locations will coincide with the fixed monitoring sites. The SPMDs sample the dissolved (readily bioavailable) organic contaminants that diffuse through the polyethylene membrane.  SPMDs will complement traditional water quality and fish tissue monitoring because sampling occurs continuosly (30 days) and thus captures the daily range of contaminant concentrations; also, SPMDs do not metabolize sequestered contaminants. The timing and placement of SPMDs will be coordinated with fish tissue sampling to maximize associations between both types of contaminant assessment. Contaminants samples collected by SPMDs will be analyzed for most of the targeted organic contaminants including those within the waste water chemical suite. 

Deliverables

A final report on the analysis of organic contaminants in relation to the Columbia River flow regimes

All sites will be monitored for the same contaminants and at low method reporting levels (appen​dix I, “appendix 1--lab.schedules.xls”) to ensure measurement of trace quantities of chemicals in the LCR&E. The suite of chemicals selected are either known to be present in Columbia River salmon at levels of concern, known to be present in salmon, but not known if present at levels of concern, present in water at concentrations known to affect endrocrine func​tion in adult salmon, or not previously measured in water, but if present are of potential concern to salmon populations. Justification for each of the chemical suites is provided in appendix II, “justi​fication.xls”).

In conjunction with the water quality monitoring effort, concentrations of bioaccumulative contaminants (e.g., DDTs, PCBs, PBDE, OC pesticides) will be measured in whole bodies of outmigrant juvenile chinook salmon from specific segments of the LCR and from specific ESUs to characterize pattern of uptake and compare concentrations to guidance values derived for the protection of fish.  Fish monitoring activities are described in detail in Task 3, Juvenile Salmon  Synoptic Monitoring.

Routine quality assurance (QA) will include standard reference materials (submitted as blind samples), replicate environmental samples, spikes, and/or blanks. These data as well as internal USGS laboratory QA data will be use to evaluate chemical data from the monitoring network. Available data from USEPA, other Federal agencies, the Oregon Department of Environmental Quality, and the Washington Department of Ecology, mostly in the form of conventional parame​ters, will also be used to supplement data (as necessary) collected by the Partnership and USGS.

All water-quality data will be reviewed and approved by USGS prior to release. Data not meeting QA guidelines will be re-run by the USGS National Water Quality Laboratory. Once approved, the chemical data will be loaded and released through USGS’s National Water Quality Informa​tion System (NWIS) WEB. A link to NWIS will be created on the LCREP home page with assis​tance of Partnership staff. Approved hourly monitoring data for temperature, conductance, turbidity, and total dissolved gas also will be made available via a link on the LCREP home page. Water-quality data from the three fixed stations will be stored permanently in NWIS and may be retrieved conveniently by interested agencies and the general public.

Future Considerations:

Although funds presently do not exist to continue fixed-station operation beyond a one-year period, fixed-station data should ideally be collected over a range of typical flow years (for exam​ple, low, medium, and high flow years) in order to fully address long-term trends. For trend assessment, USGS collects intensive fixed-station data (monthly or more frequent) for a period of three years, after which key sites are sampled less frequently for a period of six years. The cycle of intensive fixed-station sampling is then repeated at all sites. Depending on the availability of future funding, long-term continuous monitoring of the Columbia River at Beaver Army Terminal would be needed, at a minimum, to facilitate the assessment of trends and contaminant flux to the the lower estuary and to the ocean.

Task 3.  Juvenile Salmon Synoptic Monitoring: Monitoring Juvenile Salmonids in the Lower Columbia River to Characterize Exposure and Health Risk for Listed ESUs 

Project Description 

Environmental contaminants that have been documented in bed sediments and suspended sediments from the Lower Columbia include trace metals (cadmium, copper, and zinc), polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzo-p-furans (PCDFs), various organochlorine compounds (e.g., dieldrin, lindane, chlordane, PCBs, and DDTs), polycylic aromatic hydrocarbons (PAHs), and certain semi-volatile compounds (Fuhrer and Rinella 1983; Fuhrer 1986; Harrison et al. 1995; Tetra Tech Inc 1996; US Army Corps of Engineers 1998; Roy F. Weston Inc 1998; McCarthy and Gale 2001; Fuhrer et al. 1996).  Some of these contaminants, including PAHs, have been detected at levels that exceed State or Federal sediment quality guidelines or are considered harmful to humans and aquatic life (Tetra Tech Inc. 1996; ODEQ 1994; Harrison et al. 1995; Roy F. Weston Inc. 1998; Tetra Tech, Inc. 1996).  In addition, a number of contaminants that are toxic or potentially toxic to fish have been measured in the water column in the Lower Columbia River Basin.  For example, the USGS NASQAN program has reported a wide range of current-use pesticides (e.g., simazine, atrazine, chlorpyrifos, metolachlor, diazinon, carbaryl) in the water column at Warrendale near the Bonneville Dam (RM 141); the Willamette-Columbia River at the confluence near Portland (RM 101.5); and the Beaver Army Terminal (RM 53.8) (Fuhrer et al. 1996; Hooper et al. 1997).  

In recent studies conducted by NOAA Fisheries and the U.S. Army Corps of Engineers (Johnson et al. in prep; Fresh et al. 2003), PCBs, DDTs, and other organochlorine pesticides were measured in tissues of outmigrant juvenile fall chinook salmon collected from various sites along the Lower Columbia River (e.g., the Columbia/Willamette confluence, Longview, and White Island, West Sand Island, Chinook Point, Trestle Bay, Desdemona Sands). The primary contaminants detected in salmon bodies were PCBs and DDTs. Concentrations of these contaminants in salmon whole bodies were not highly correlated with concentrations in salmon stomach contents, and were as high in fish sampled near the mouth of the Columbia as at the confluence. Mean concentrations of PCBs in whole body composites ranged from 23 to 41 ng/g wet wt (1300 to 2800 ng/g lipid), comparable to levels measured in whole bodies of juvenile salmon collected from contaminated urban estuaries in Puget Sound (Stein et al. 1995; McCain et al. 1990; Varanasi et al. 1993, Collier et al. 1998a,b; Stehr et al. 2000, Arkoosh et al. in prep).  Whole body DDT concentrations were also elevated in juvenile salmon from the Lower Columbia, ranging from 32 to 39 ng/g wet wt (1800 to 2600 ng/g lipid).  These DDT concentrations are among the highest observed in juvenile salmon from Pacific Northwest estuaries (Stein et al. 1995; McCain et al. 1990; Varanasi et al. 1993, Collier et al. 1998a,b; Stehr et al. 2000, Arkoosh et al. in prep).

In more than 30% of juvenile salmon sampled from the LCR&E, PCB concentrations exceeded the NOAA Fisheries’ estimated threshold of 2400 ng/g lipid for adverse health effects in juvenile salmonids (Meador et al. 2002).  Juvenile salmon with body burdens of PCBs in this range are at increased risk for metabolic alterations, reduced growth, immune dysfunction, and reduced long-term survival (Meador et al. 2002; Casillas et al. 1995a,b, 1998a,b; Arkoosh et al. 1991, 1994, 1998).  Although whole body DDT concentrations were generally below those traditionally associated with health effects on salmon (Johnson and Pecor 1969; Poels et al. 1980; Burdick et al. 1964; Peterson 1973, Buhler et al. 1969; Allison et al. 1962; Hose et al. 1989), newer studies indicate that these body burdens could contribute to endocrine-disrupting or immunotoxic effects that have only recently been documented (Khan and Thomas 1998; Milston et al. 2003; Zaroogian et al. 2001).  Moreover, these levels are high enough to pose a clear threat to animals that consume salmon through bioconcentrations and trophic transfer (Nendza et al. 1997; Anthony et al. 1999; Thomas and Anthony 2003; US Fish and Wildlife Service 1999; Henny et al. 2003).  

In addition to bioaccumulative contaminants, waterborne contaminants such as dissolved metals (e.g., copper) and current use pesticides (e.g., diazinon, chlorpyriphos, carbofuran) may pose a threat to listed salmon by disrupting olfactory function and interfering with a range of essential behaviors, including anti-predator responses, prey capture, reproductive behavior, and homing (Scholz et al. 2000, Moore and Waring 1996, Waring and Moore 1997, Baldwin et al. 2003, Sandoz et al. 2004).  Threshold chemical concentrations associated with many of these effects (~1-10 ug/L ) are well within levels reported in the LCR&E in USGS NASQAN surveys (Fuhrer et al. 1996).  Other contaminants that may be present in sediments and in the water column include endocrine-disrupting substances and emerging chemicals of concern such as synthetic hormones and polybrominated fire retardants.  These chemicals are only beginning to be characterized in the Lower Columbia, but with increasing trends in body burdens and exposure levels being noted widely, their potential to adversely affect salmon viability is cause for additional concern.

The available data show clearly that environmental concentrations and tissue burdens of several classes of contaminants are within the range where they may potentially affect survival and productivity of Columbia River salmon, but more research is needed to properly evaluate the risks posed by contaminants to listed ESUs. Sources and pathways of exposure are unclear, and could include contaminated bed sediments, suspended sediments, and prey, as well as hatchery feed for unmarked hatchery fish that may have been included in analyses. Moreover, we do not know the extent to which toxicants from freshwater and estuarine habitats contribute to body burdens of fish in the estuary, or how uptake changes as fish move downriver from Bonneville to the mouth of the estuary.  At least for DDTs, some uptake appears to be occurring within the LCR&E, as DDT concentrations in fish collected from near the mouth of the estuary were correlated with increased estuarine residence time, increased body size, and also increased over the sampling season (Johnson et al. in prep).  Significant uptake is also likely to be occurring from industrialized sites, such as the Willamette/Columbia confluence, as PCB and DDT concentrations were elevated in stomach contents of fish from this area.  However, the available data are limited. In addition, the preliminary data are insufficient to characterize exposure patterns in the different listed ESUs that utilize the Columbia River estuary.  The majority of fish sampled from the lower estuary in the study described above were from the Lower Columbia fall chinook ESU (Johnson et al. in prep; P. Moran, NWFSC, unpublished data), and while fish from the interior ESUs were also represented, their numbers were small.  Finally, we have little information on how emerging contaminants of concern, such as environmental estrogens and brominated fire retardants may be affecting salmon stocks.  Because these substances are as yet unregulated, and are currently being discharged into the environment, they represent a potential additional threat, of unknown magnitude, to salmon recovery. 

Objectives
The objectives for juvenile salmon synoptic monitoring include: 

1) Determine concentrations of bioaccumulative contaminants (e.g., DDTs, PCBs, OC pesticides) in whole bodies of outmigrant juvenile chinook salmon within specific segments of the LCR and from specific ESUs to characterize patterns of uptake; 

2) Assess exposure to non-bioaccumulative contaminants by measuring biomarkers of exposure, including metabolites in bile for PAHs, and plasma vitellogenin as an indicator of exposure to estrogenic compounds.

3) Compare concentrations to guidance values derived for the protection of fish, and for some compounds, derive such guidance values, to provide a preliminary assessment of the extent to which observed exposures may affect survival and productivity of affected stocks.

4) Develop preliminary models of routes of exposure and bioaccumulation factors by measuring concentrations of contaminants in salmonid prey (e.g., salmon stomach contents), for use in conjunction with data on contaminants in the water column and in surficial and suspended sediments

Project and Task Overview
Fish will be collected for three purposes: 

1) to characterize patterns of exposure for fish from different life histories and ESUs;

2) to characterize patterns of exposure as fish move down the Columbia from Bonneville to the mouth of the estuary, in order to identify sources of uptake

3) to characterize exposure in fish from Lower Columbia hatcheries, so contaminant uptake from hatchery feed and contaminant body burdens in wild vs. hatchery fish can be evaluated

The juvenile salmon synoptic monitoring strategy is an integral component for the development of the conceptual model (Task 1). The characterization of exposure patterns from fish will be incorporated into the model, in an effort to begin to understand the relative effect of toxic contaminants on salmonid life histories and ESU recovery.

In order to characterize contaminant concentrations in fish as they move through the estuary, we propose to sample sub-yearling chinook salmon at a range of sites throughout the LCR&E.  Sites were chosen to provide comprehensive coverage of exposure throughout the estuary, and to coordinate fish sampling with water sampling to be conducted by USGS (task 2). Most of these sites have been sampled in previous studies by NOAA Fisheries, either to collect fish for chemical analyses or to characterize salmon habitat use of the estuary, so it has been established that fish can be captured from these areas. The new data from these sites will be used in conjunction with earlier information to provide a more complete characterization of exposure and uptake of contaminants in juvenile salmon within the estuary.  Sampling will be carried out monthly at all sites, from June to August. Samples will be collected for analysis of PCBs, DDTs, organochlorine pesticides, and brominated fire retardants in whole bodies and stomach contents, PAH metabolites in bile, vitellogenin in plasma as an indicator of exposure to estrogenic compounds, and genetics for ESU identification. With the exception of genetics and vitellogenin, analyses will be carried out on composite samples.  To provide additional information on exposure in fish from different life histories and ESUs, and to document uptake of contaminant during estuarine residence, fish will be also be sampled monthly from April through September at West Sand Island in the mouth of the estuary.  Samples will be collected for analysis of PCBs and DDTs in whole bodies and genetics.  Analysis will be carried out on individual fish samples. 

Specific tasks include collection of  juvenile salmon, fish necropsy and tissue collection, transport of samples to analytical laboratories, analysis of samples, and final report production. 

Task 3.A.  Juvenile salmon collection

To characterize contaminant concentrations in hatchery fish, samples of fish and feed will be collected from five major hatcheries in the Lower Columbia:  Fish and feed samples will be transported back to the NWFSC laboratory and stored frozen at 80oC until analyses are conducted.

To characterize exposure of juvenile salmonids as they move from Bonneville to the mouth of the Columbia, sub-yearling Chinook salmon will be collected monthly from June to August from Warrendale near the Bonneville Dam (RM 146), the Columbia/Willamette confluence of Morrison Street Bridge area (RM 101-104), Columbia City (RM 82.4), Beaver Army terminal (RM 54), and West Sand Island near the mouth of the estuary (RM 4). Additionally, yearling Chinook salmon will be collected from Warrendale in March and from West Sand Island in April, and juvenile chum salmon will be collected from West Sand Island in March.  A minimum of three composite samples with ten fish per composite will be collected per species at each site at each sampling time (6 yearling Chinook, 3 chum, and 45 sub yearling Chinook) for a total of 54 composite samples.  Fish will be collected primarily by beach seine.  Yearling chinook will also be collected in the mouth of the estuary by purse seine or tow net in April, as these fish occupy deeper water in the main channel of the estuary. 
Fish will be euthanized with a blow to the head.  Blood samples will be collected with hematocrit tubes, treated with the protease inhibitor phenyl methyl sulfonyl sulfate (PMSF) and heparin to prevent breakdown of vitellogennin and to prevent clotting, respectively, and centrifuged.  Plasma will be removed and frozen for subsequent analyses.  Bile will be collected for analysis of petroleum aromatic hydrocarbon (PAH) metabolites, and stomach contents will be collected for PCBs, DDTs, OC pesticides, PBDEs and PAHs.  Bile and stomach contents samples will be composited to yield three composites samples per species per site at each sampling time (6 samples for yearling Chinook, 3 samples for chum, and 45 sub yearling Chinook) for a total 54 composite samples.  Fish carcasses for chemical analyses will be wrapped individually in aluminum foil, to be composited later in the laboratory prior to analysis. 

In addition to the composite samples described above, individual sub yearling chinook will be also be sampled monthly from April through September at West Sand Island in the mouth of the estuary. These fish will provide additional information on exposure in fish from different ESUs, and document uptake of contaminant during estuarine residence, Ten individual fish will be collected at each sampling time.  Fish will be weighed and measured, fin clips will be collected for genetics analysis, and whole bodies will be wrapped individually in aluminum foil. These fish will be analyzed individually for dioxin-like and total PCBs and DDTs.  All samples will be transported back to the NOAA Fisheries laboratory in Seattle and stored frozen at 80oC until analyses are conducted.

Schedules and timeline

Fish collection will begin in March of 2005.   Fish sampling by beach seine will take approximately 23 days, and collection of fish by purse seine or tow net will take an additional 2 days.  Fish collection will be completed by the end of September 2005.

Deliverables 

A table summarizing sample locations, fish measurement, and compositing information will be completed by October 2005.  

Identified contributing partners
U.S. Geological Survey 

NOAA Fisheries Northwest Fisheries Science Center

Task 3.B.  Sample analysis

Sample analyses will be conducted primarily at the NOAA Fisheries Northwest Fisheries Science Center laboratories. Composite fish tissue and stomach contents samples will be analyzed by GC/MS for PCB congeners, DDTs, organochlorine pesticides, and PBDEs as described by Sloan et al. (in prep). Organochlorines will be extracted from tissue samples of salmon using a gas chromatography/mass spectrometry (GC/MS) method (Sloan et al., in prep.).  Each tissue sample will be weighed to the nearest 0.001g in a tared 10-ounce jar.  Sodium sulfate (15 cc) will be added to the sample jar and the sample contents will be mixed thoroughly using a solvent-rinsed stainless steel spatula.  Next, magnesium sulfate (15 cc) will be added to each sample jar and mixed thoroughly using the spatula.  Each sample mixture will be transferred to a 33-mL ASE extraction cell and the surrogate standards will be added to the top of each sample cell.  The OCs and lipids will be sequentially extracted at 2000 psi and 100°C with two cell volumes using dichloromethane and the combined extract (~ 50 mL) will be collected in a 60-mL collection tube.  The extract will be thoroughly mixed using a Vortex mixer.  Prior to cleanup, an aliquot of each sample extract will be transferred to an aluminum pan for total extractable (“percent lipid”). The remaining volume of each extract will be filtered through a column of silica gel and alumina and concentrated for further cleanup to remove interfering lipid compounds.  Size exclusion chromatography with high-performance liquid chromatography (HPLC) will be used to collect the fraction containing the OCs.

The HPLC fraction will be analyzed for organochlorines [e.g., hexachlorobenzene (HCB), chlordanes, DDTs, PCBs, polybrominated diphenyl ethers (PBDEs)] by capillary column GC/MS. The analytes of interest will separated on a 60m DB-5 capillary column (25 um film thickness) and analyzed by GC/MS (Agilent 5973N Mass Selective Detector® Agilent Technologies) operated in the electron impact (EI) single ion monitoring  (SIM) mode (Sloan et al., in prep.).  The instrument will be calibrated using a series of multi-level calibrations standard solutions containing known amounts of several different organochlorine compounds (PCBs, pesticides, PBDEs) from which response factors relative to PCB 103 will be computed.

Summed hexachlorocyclohexanes (∑HCHs) will be calculated by adding the concentrations of -HCH, -HCH and lindane.  Summed PCBs (∑PCBs) concentrations will be calculated by summing the concentrations of 40 PCB congeners (PCBs 17, 18, 28, 31, 33, 44, 49, 52, 66, 70, 74, 82, 87, 95, 99, 101/90, 105, 110, 118, 128, 138, 149, 151, 153/132, 156, 158, 170/190, 171, 177, 180, 183, 187, 191, 194, 195, 199, 205, 206, 208, 209).  The summed DDTs (∑DDTs) levels will be calculated by summing the concentrations of p,p'-DDT, p,p'-DDE, p,p'-DDD, o,p'-DDD, o,p'-DDE and o,p'-DDT.  Summed chlordanes will be determined by adding the concentrations of heptachlor, heptachlor expoxide, -chlordane, -chlordane, oxy-chlordane, cis-nonachlor, trans-nonachlor and nonachlor III.  Summed PBDEs will be calculated by summing the concentrations of seven PBDEs (PBDEs 28, 47, 99, 100, 153, 154, 183).

Individual whole body samples will be analyzed for dioxin-like PCB congeners, other PCB congeners, and DDTs by HPLC/PDA as described in Krahn et al. 1994. Briefly, salmon whole body samples (3.0-4.0g) will be extracted using an accelerated solvent extractor with methylene chloride as described above.  The analytes of interest will be separated from interfering compounds (e.g., lipids, aromatic compounds) on a gravity flow cleanup column that will contain neutral, basic and acidic silica gels eluted with hexane/methylene chloride (1:1 v/v).  Prior to the cleanup step, a 1-mL aliquot of each sample extract will be removed for lipid quantitation by thin layer chromatography with flame ionization detection (TLC/FID).  The dioxin-like congeners (PCBs 77, 105, 118, 126, 156, 157, 169, 189) will be resolved from other selected PCBs (PCBs 101, 128, 138, 153, 170, 180) and chlorinated hydrocarbons [o,p'-DDD, p,p'-DDD, p,p'-DDE, o,p'-DDT, p,p'-DDT, hexachlorobenzene (HCB)] by HPLC on two Cosmosil PYE analytical columns, connected in series and cooled to 16°C.  The congeners will be measured by an ultraviolet (UV) photodiode array detector and will be identified by comparing their UV spectra (200-310 nm) and retention times to those of reference standards in a library.  The analyte purity will be confirmed by comparing spectra within a peak to the apex spectrum.

Concentrations of PAH metabolites in bile will be measured using the method of Krahn et al. (1986). Bile will be injected directly onto a C18 reverse- phase column (Phenomenex Synergi Hydro) and eluted with a linear gradient from 100% water (containing a trace amount of acetic acid) to 100% methanol at a flow of 1.0 mL/min.   Chromatograms will be recorded at the following wavelength pairs: 1) 260/380 nm where several 3-4 ring compounds (e.g., phenanthrene) fluoresce and 2) 380/430 nm where 4-5 ring compounds (e.g., benzo[a]pyrene) fluoresce.  Peaks eluting after 5 minutes will be integrated and the areas of these peaks will be summed. The concentrations of fluorescent ACs in the harbor seal bile will be determined using naphthalene (NPH), phenanthrene (PHN) or benzo[a]pyrene (BaP) as external standards and converting the fluorescence response of bile to phenanthrene (ng PHN equivalents/g bile), naphthalene (ng NPH equivalents/g bile) or benzo(a)pyrene (ng BaP equivalents/g bile) equivalents.

Vitellogenin concentrations in individual plasma samples will be measured by enzyme-linked immunoassay (ELISA) as described by Tyler et al. 2002 and Nillsen et al. 1998. 

When laboratory analyses are completed, quality control (QC) samples will be reviewed for precision and accuracy of results.  Samples with any questionable results or with results outside acceptable QC boundaries will be re-analyzed unless a sufficient reason for the results is provided.

The genetic stock of origin of each fish will be determined using microsatellite analysis and individual assignment (Ranalla and Mountain, 1997; Kalinowski, 2003). An existing microsatellite database has been used to examine the stock composition and individual origin of putative sub-yearling Chinook salmon individuals (<100 mm) captured in the Columbia River estuary. Computer simulations and assay of coded wire tagged individuals (known origin) demonstrated a high level of confidence in assignment of individual fish to their genetic stock-of-origin (P. Moran, pers. comm., NMFS). Groups for individual assignment included Lower Columbia River spring Chinook; Lower Columbia River fall Chinook; Upper Willamette River spring Chinook, Interior spring Chinook (includes fish from the Snake, Middle, and Upper Columbia Rivers); Deschutes/Snake fall Chinook; and Upper Columbia River summer/fall chinook. 
Schedules and timeline

Results of analyses will be expected in May 2006.   

Deliverables 

Analytical laboratory data report expected in May 2006.

Task 3.C.  Data compilation and final report

Salmon contaminant data will be entered into a database within NOAA Fisheries and into a central data management system accepted by, and accessible to, Estuary Partnership and contributors to the project.  A final report summarizing the study will be completed and submitted to Estuary Partnership and other partners for review.  

Schedules and timeline

A final report summarizing the project will by completed by December 2006.

Deliverables 

A final report will be completed by December 2006 

Partners

U.S. Geological Survey 

NOAA Fisheries Northwest Fisheries Science Center

Task 4.  Summary Report for the Lay Audience

Project Description

The culmination of these monitoring activities offers an opportunity to present a summary of major findings in a concise and easily understood format that is accessible to a wide range of users.  In addition to the Estuary Partnership’s monitoring activities being reported in scientific journals or other appropriate technical reports, the Estuary Partnership’s status and monitoring activities also will be summarized and aggregated into a single summary report of about 30 pages. 
Objectives

1. Summarize the major findings from the monitoring of fixed stations in the Lower Columbia River Estuary, the assessment of fecal indicator bacteria, the conceptual model of contaminant transport, the presence of accumulate contaminants in Osprey Eggs, Eagle Eggs, and in fish.

2. The summarization will be presented in such a manner as to be easily understood by the lay reader.
Task Overview

The intent of the summary report will be to encapsulate the study highlights of these monitoring tasks for the period 2003 to 2006. Graphics will be used as well as photographs to depict the setting, sampling activities, and portray findings. The intent is to create an enticing report that will be read. The summary report will include all the status and trend activities projects regardless of whether or not a separate stand-alone journal article has been pro​duced.

Task 4.1 Synthesis of Tasks 1-3. 

In year three, after completion of all status and trend monitoring activities, USGS staff will formulate major findings from each of the Estuary Partnership  reports on: Fish Sampling, Water Quality Sampling, and Conceptual Model development. USGS staff will pull major findings from each of the Estuary Partnership reports on: Fish Sampling, Water Quality Sampling, and Conceptual Model development. From these reports, simplified figures and tables will be created to portray salient findings from each topical study. Each Estuary Partnership topic will receive 4 to 5 pages within the summary report. The summary report will contain a “Study Design” section at the rear of the report that will provide a synopsis of sampling locations, param​eters measured, frequency of measurements, and other details necessary to support the up front major findings. 

In additional to USGS involvement, the Estuary Partnership will provide photo​graphs, staff assistance for GIS needs, preliminary reviews, staff and Executive Director editorial direction, and final print​ing and distribution support for the summary report. All contributors to the summary report will be given an opportunity to review the report prior to the formal USGS colleague review and approval process.

Deliverables

A USGS Director and Estuary Partnership Executive Director approved summary report in electronic format will be made available to the Lower Columbia River Estuary Partnership in July 2006.
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