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 a. Abstract

In the Columbia River Basin invasive species have the potential to affect salmon restoration by causing changes in habitats, predation risk, and competitive interactions.  One particular invasive nonindigenous species of concern is the New Zealand mudsnail.  The mudsnail has invaded several locations throughout North America during the last 15 years and has been documented in the mainstem Columbia River, and more recently in the Deschutes River, which supports an important anadromous and resident fishery.  The mudsnail has the ability to colonize a wide variety of habitats used by salmonids for rearing, spawning, and overwintering.  The ability of the mudsnail to achieve extremely high densities could significantly affect ecosystem function and structure and the production of anadromous juvenile salmonids and resident trout by altering their food base.  Further, research suggests that the mudsnail are not palatable and do not provide significant nutrition for salmonids because of their ability to pass through the gut of fishes intact.  In this study we propose to 1) Establish an early detection program for the New Zealand mudsnail in tributaries of the Bonneville Reservoir, namely, in the Hood, Klickitat, and Wind rivers, 2) Assess the effects of the New Zealand mudsnail on the invertebrate communities of the Deschutes River using stable isotope analyses, 3) Assess the potential effects of the introduction of the New Zealand mudsnail on important salmon and bull trout rearing areas in the Hood, Klickitat, and Wind rivers, and 4) Perform bioenergetics modeling to predict growth rate changes of salmonids in habitats where a shift in the macroinvertebrate community is expected to occur due to the colonization of New Zealand mudsnails.

b. Technical and Scientific Background

Invasive species comprise one of the most significant alterations of native ecosystems for fish and wildlife, and plants, and are rapidly becoming a dominant component of aquatic ecosystems within the Columbia River Basin (NPCC 2005, and see Office of Technology Assessment 1993).  One need not look far for examples of how invasive plants and animals have affected the Columbia River Ecosystem.  Endangered stocks of Pacific salmon have been subjected to additional predation pressure due to the intentional introductions of non-native game fish (e.g., Smallmouth bass Micropterus dolomieu, Walleye Stizostedion vitreum) (Zimmerman 1999).  Invasive species can have significant effects on ecosystem structure and function (Kerans et al. 2005; Hall et al. 2003; Strayer et al. 1999).

Invasive species have affected the population viability of native species, altered ecosystem function, and caused significant economic damage in other areas of the United States (Pimentel et al. 2005).  Approximately 400 of the 958 species that are listed as threatened or endangered under the Endangered Species Act are considered to be at risk primarily because of competition with or predation by nonindigenous species (Wilcove et al. 1998).  Forty-four native species of fish are threatened or endangered by alien-invasive fish and an additional 27 native species of fish are also negatively affected by introductions (Wilcove and Bean 1994).  Rates of aquatic nonindigenous species introductions and their social, economic, and ecological impacts are increasing (Cohen et al. 1995).  Despite the economic and cultural significance of the Columbia River, little is known of the current distribution and abundance of aquatic nonindigenous species.

One particular invasive nonindigenous species of concern is the New Zealand mudsnail (NZMS). The New Zealand mudsnail Potamopyrgus antipodarum populated Australia and Europe during the 19th and 20th centuries (Kerans et al. 2005).  It has invaded several locations throughout North America during the last 15 years and was first documented in the Snake River, Idaho (Richards et al. 2004).  Also, it has been documented in the mainstem Columbia River and more recently found, in the Deschutes River, that supports important anadromous and resident fisheries.  These invasions could further affect the status of the Columbia River ecosystem, and thus efforts to recover Pacific salmon.

The NZMS may colonize habitats used by salmonids and the potential effects on salmon restoration efforts are unknown.  At the landscape scale, in Australia, the snail is more likely to occur at sites with multiple land uses in the catchment for activities such as grazing, forestry, anthropogenic developments, and where mean daily stream flows were more variable (Schreiber et al. 2003).  Many of the subbasins where salmon restoration is underway in the Northwest could be characterized as having multiple land use patterns.  The NZMS has rapidly colonized tributaries to the Madison River in the Yellowstone area known for trout fishing (Kerans et al. 2005).  In the lower Deschutes River, Oregon where mudsnails were recently found, juvenile spring Chinook salmon volitionally released from a hatchery in fall subsequently used lower river habitats during fall and winter (Wardell et al. 2002; Reagan et al. 2005).  The volitional release strategy for juvenile spring Chinook salmon is used to enhance returns of adult salmon to the Deschutes River.  Thus, the NZMS may colonize many of the habitats used by native salmonids and reduce the effectiveness of restoration efforts.  

The NZMS has significant potential to alter ecosystem function in rivers such as food web structure or element transport (Dorgelo 1987).  The NZMS is a parthenogenic livebearer having the ability to rapidly clone itself (Kerans et al. 2005).  Densities as high as 299,000 snails/m2 have been observed in tributaries of the Madison River in the Yellowstone area and densities as high as 800,000 snails/m2 have been recorded in other localities (Dorgelo 1987; Hall et al. 2003; Kerans et al. 2005).  The NZMS may compete with native macroinvertebrate fauna at high densities (Cada 2004).  Hall et al. (2003) found that the mudsnail dominated macroinvertebrate communities in streams and that native invertebrate biomass only constituted 3% of the total biomass.  Also, NZMSs consumed 75% of the daily gross primary productivity despite the stream having high rates of production (Hall et al. 2003).  Furthermore, NZMS dominated native consumer secondary production in three Yellowstone rivers and had among the highest secondary production rates ever measured for a river animal.  The NZMS were responsible for 65-92% of the total invertebrate assemblages and/or ecosystem functions (Hall et al. 2003).  Kerans et al. (2005) found that high densities of the mudsnail were associated with low colonization of native macroinvertebrates and that species composition covaried with the mudsnail densities possibly indicating species interactions. The NZMS is also thought to be a poor food source for salmonids because they provide little energy and may pass through the digestive tract of fish undigested (Haynes et al. 1985).  Furthermore, there may be energetic consequences to fish that eat NZMS over other food sources.  In an experiment in a tributary of the Madison River, sculpin were observed to lose weight when caged in areas where NZMS were abundant than areas where NZMS were rare (Cada 2004).  Due to the ability of the NZMS to achieve high densities and the potential for it to dramatically affect food webs it’s important that we determine potential aquatic community impacts, especially for streams and rivers supporting ESA listed salmonids.  

We recognize that, as with many invasive nonindigenous species, the management options for NZMS are limited at this time.  Despite efforts to reduce the spread of NZMS, they have now spread to every Western state except New Mexico.  In some areas, managers have temporarily closed fishing and recreational use of streams to reduce the opportunity to spread NZMS.  In most cases, management agencies are relying on public education to encourage the cleansing of angling and recreational gear to reduce the risk of spread.  In the long-term, some researchers believe that biological controls may be a management alternative.  However, at this time none of the predators or the 14 parasites that control the NZMS populations in its native range are approved for control in the northwest.  Therefore, reducing the rate of spread and assessing which salmon and steelhead habitats are at greatest risk to disturbance by NZMS will be prudent and timely actions.  This strategy will provide managers with guidance so that efforts to restore salmonids are not thwarted in some areas by NZMS invasions in just a few years.

Our goals in this research are to 1) provide information to managers that will facilitate the management of fisheries and 2) increase our understanding of how the NZMS is, or has potential to affect salmonids in the Columbia River Basin.  To achieve these goals we propose to examine NZMS conjunctly with aquatic macroinvertebrate communities in tributaries (Klickitat, Hood, and Wind rivers) flowing into Bonneville Reservoir and apply a bioenergetics model for estimating the effects on salmonids.  We selected these tributaries because of the important salmonid stocks present and the known occurrence of the NZMS in at least one tributary outside Bonneville Reservoir, the Deschutes River.  Specifically we propose to 1) Establish an early detection program for the NZMS in tributaries of the Bonneville Reservoir, namely, in the Hood, Klickitat, and Wind rivers, 2) Assess the effects of the NZMS on the invertebrate communities of the Deschutes River using stable isotope analyses, 3) Assess the potential effects of the introduction of the NZMS on important salmon and bull trout rearing areas in the Klickitat, Hood, and Wind rivers, and 4) Perform bioenergetics modeling to predict growth rate/potential on salmonids in habitats where a shift in the macroinvertebrate community is expected to occur due to the colonization of NZMS.

c. Rationale and Significance to Regional Programs

Invasive species, such as the NZMS, can negatively affect recovery efforts for endangered and threatened Pacific salmonid species and other native fish and wildlife species by altering existing ecosystem dynamics, directly competing with native species, and by altering existing habitats.  Many salmonid species listed by the ESA have portions of their life histories that rely upon rearing and overwintering habitats in lower reaches of tributaries in the Columbia River that potentially can be adversely affected by the NZMS.  If the establishment of this mudsnail occurs in these habitats, there is potential that they will compete with other macroinvertebrates that are a primary food source for juvenile salmonids.  Assessing the potential effects of the invasive NZMS in the Columbia River Basin will provide information and help resource managers understand its effects on ecosystem structure and function.  Through an increased understanding of the potential impacts of NZMS on ESA listed salmonids, managers will be better able to prioritize allocation of funds to manage for invasive species interactions.

This proposed research is consistent with and a logical first step towards addressing the critical management uncertainties and research priorities listed in the NPPC Research Plan (NPPC 2005).  It is stated that research should be conducted to support a risk analysis of significant potential invaders such as the NZMS in hopes of preventing the spread of invasive species (NPCC 2005).  Critical management uncertainties/questions listed in this document (page 29) pertinent to this research are: 

1) What is the current distribution and abundance of invasive and nonnative species; i.e., the baseline condition?

2) To what extent do invasive and nonnative species affect native fish and wildlife species in the Columbia River Basin?
3) What is the relation of the current distribution and abundance of invasive and nonnative species to existing habitat conditions including flow and temperature regimes?
4) What mechanisms might reduce the likelihood of establishment, or inhibit the growth and dispersal of invasive population?
Also, the authors suggest that to determine whether species are, or are becoming, dominant in the ecosystem, initial baseline and monitoring information suitable to detecting trends in abundance is necessary (NPCC 2005).  Further the authors suggest that there are a number of nonnative species in the Columbia Basin that lack sufficient data to determine if they are invasive from a population growth, dispersal, or effect standpoint.  Without basic information on the distribution and abundance of these species, and how these species affect the dynamics of the Columbia River ecosystem, the magnitude of the effect is unknown.  Also, the potential effects of invasive species on restoration efforts are specifically noted in the Lower Columbia Subbasin Plan (see p 7-29).  

The research we are proposing is also consistent and specifically called for in a draft National Management and Control Plan for the New Zealand Mudsnail (Potamopyrgus antipodarum) that has been prepared for the Aquatic Nuisance Species Task Force by the New Zealand Mudsnail Management and Control Plan Working Group (see: www.anstaskforce.gov/hyannis/NZMS_Mgmt_&_Control_Draft_4-06.pdf).  In this plan, they outline research needs with respect to the establishment of standardized techniques and methodologies for sampling NZMS.  Specifically, they recommended the following research needs:

1) Develop estimates of detection probabilities for a variety of substrates, ecoregions, and sampling methods and sampling designs.

2) Develop standardized techniques for detecting low abundance NZMS populations and for estimating densities in established populations. 

3) Monitor existing populations on a precise schedule to understand population trends and their response to environmental factors. 

4) Evaluate different detection methods in different habitat types to provide a way for establishing confidence in data that people submit. 

The research we propose will address various aspects of all of the research needs identified in this planning document.  

d. Relationships to other projects

The authors of this proposal are working with the Lower Columbia River Estuary Partnership (LCREP) on the establishment of an ecosystem, habitat, and water quality monitoring program for the lower Columbia subbasin that includes invasive species such as the NZMS.  Thus, we are inherently coordinated with the efforts in the lower Columbia River.  To the largest extent possible we will coordinate our sampling efforts to complement and enhance the monitoring efforts in the lower Columbia River.  

The authors of this proposal and their respective agencies actively participate in the 100th Meridian Initiative’s Columbia River Basin Team.  The goals of this Initiative are to 1) prevent the spread of zebra mussels and other aquatic nuisance species in the 100th meridian jurisdictions and west and 2) monitor and control aquatic nuisance species such as NZMS if detected in these areas.  

We have also contacted and will work closely with both the Oregon Department of Fish and Wildlife (Rob Reagan, Biologist, ODFW, personal communication) and the Yakama Nation (Joe Zendt, Fisheries Program, Yakama Nation, personal communication).

e. Project history

New proposal

f. Proposal biological objectives, tasks, and methods

The Deschutes River supports numerous fish species, including listed anadromous salmonids and resident Bull Trout.  Currently, NZMS have been detected at Heritage Landing at Deschutes River State Park and 40 miles upriver outside Maupin, a popular fly-fishing and rafting destination and further upstream at Mecca Flats (Portland State University Center for Lakes and Reservoirs confirmed report).  Similarly, tributaries to the Bonneville Reservoir that are in close proximity to the Deschutes River also support important and popular salmon fisheries.  Since New Zealand mudsnails possess several morphological and behavioral traits that make them well suited to both passive and active dispersal to local and distant environments and given that the NZMS is most likely transported to new systems in the western USA by passive dispersal via recreationalists and contaminated equipment, the tributaries to Bonneville Reservoir are at great risk for colonization by the NZMS.  Local watershed groups, tribal, and state agencies are all concerned about the potential for infestations of the tributaries to the Bonneville Reservoir.  

To address the potential for the spread of the NZMS we are proposing the development of a standardized detection monitoring program for the Klickitat, Hood, and Wind rivers and expanded surveys in the Deschutes River.  To increase our understanding of the spatial and temporal scales of connections between food webs and the role invasive species and the potential for the NZMS to affect the important fisheries in these streams, we also propose to examine the NZMS conjunctly with aquatic macroinvertebrate communities in tributaries of Bonneville Reservoir and the Deschutes River using stable isotopes and will evaluate a bioenergetics model to assess the potential effects on salmonids.  

Work Element 1.  Develop standardized survey techniques that can be used to assess the distribution of NZMS in the Deschutes River in a variety of habitats.

Task 1.1.  Conduct an experimental evaluation of the efficacy of different sampling techniques to survey for NZMS in representative habitats in the Deschutes River.

We will sample areas with known infestations using both disturbance-based sampling equipment (i.e., Hess sampler) and passive sampling techniques (collection and examination of substrate) that examine quadrats of varying sizes.  Survey design will be derived based on protocols developed by the Environmental Monitoring and Assessment Program (EMAP) of the Environmental Protection Agency (EPA).  Protocols for sampling aquatic macroinvertebrate communities will be derived from methods developed under the National Water-Quality and Assessment (NAWQA) Program developed by the USGS.  We will begin by deploying these sampling techniques in areas known to be colonized (i.e., Heritage Landing, Deschutes River State Park, Deschutes River; Wapinita Access Point, Deschutes River, Maupin).  Our intent is to over sample areas with known infestations so that we will be able to estimate the statistical properties of the resultant frequency distributions (see below).  We will use the power curves provided in, Green and Young (1993), as a guideline for the initial sampling effort required.

New Zealand mudsnails will be narcotized before fixing.  After collection we will hold the NZMS in a clean container supplied with river water.  Menthol crystals will then be added to the container. When the animals do not respond to touching, most of the water will be carefully removed and replaced with 10% buffered formalin or Kahle's or Bouin's fluid.  DNA samples will also be collected.  DNA samples will be obtained by placing a few snails directly into 90-100% ethanol. 

Task 1.2.  Provide an evaluation that will assess the level of sampling intensity necessary to detect varying densities of NZMS in a variety of habitat types in the Deschutes River.

After the samples are collected and processed, modeling and statistical simulation techniques will be used to determine the best plot size and level of sampling effort to characterize populations of different densities, including densities that will facilitate early detection of this invasive snail.  For each habitat and substrate type sampled, we will estimate densities of NZMS, characterize the frequency distribution, estimate the sample variance and mean, estimate the negative binomial parameter k and a chi-square test of the equality of the variance and mean by gear type (Ho: Poisson distribution; Elliot 1977).  An analysis of covariance will be conducted with 1/k (an index of patchiness) as the dependent variable.  Habitat type and gear will be predictor variables; the covariate will be the rank of mean density, m (as per Green and Young. 1993).  We will estimate the distribution of the ratio of m/k and provide an assessment of the applicability of the power curves provided in Green and Young (1993) to the sampling of NZMS in the Deschutes River.  

Work Element 2.  Apply survey techniques developed in Work Element 1 to assess the presence or absence of the NZMS at popular access points and in important rearing and migratory areas in the Deschutes, Klickitat, Hood, and Wind rivers.  

Task 2.1.  Determine site selection in areas upstream and downstream of popular access points and important rearing and migratory areas in the Deschutes, Klickitat, Hood, and Wind rivers.  

We will consult with local entities to identify popular access points to be sampled.  Similarly, we will consult with pertinent fish biologists for the ODFW, Yakama Nation, Fish and Wildlife Service, The Confederated Tribes of Warm Springs and the USGS to develop a list of candidate important rearing habitats to be sampled.  

Task 2.2.  Implement the detection-monitoring program.

After we have completed the statistical analysis of samples collected in habitats adjacent to Heritage Landing, and Wapinita Access Point on the Deschutes River, we will implement the survey design at popular access points on the Deschutes, Klickitat, Hood, and Wind rivers.  Sample site selection procedures at the access points will be conducted using EMAP protocols.  

Work element 3. Determine isotopic signatures of representative trophic levels in the Deschutes, Klickitat, Hood, and Wind rivers in sampling areas with and without NZMS to assess the effects of the NZMS to food webs.

Given the potential for the NZMS to dominate invertebrate communities after introduction, it seems reasonable to assume that a concomitant restructuring of the energetic pathways that culminate in food for anadromous and resident salmonids will occur (Hall et al. 2003 and 2006).  Understanding the nature of the alterations to the structure of the food web in areas with known infestations and understanding the potential effects of the introduction of the NZMS in areas yet to be colonized will allow fish managers to assess how and where to direct their efforts at prevention.  For instance, if the analyses conducted in this study indicate that certain streams are not likely to be significantly colonized or that the energetic pathways affected will not result in a significant loss in prey items for target fisheries, efforts at prevention can then be directed to areas that are most likely to be affected.  
Task 3.1.  Sample processing for isotopes 

Detrital, macroinvertebrate and periphyton samples will be collected and analyzed for stable isotopes.  Primary, and secondary production will also be assessed as well as insect gut contents to further examine and corroborate what aquatic invertebrates are consuming (e.g detritus, filamentous algae, diatoms).  We also propose to collect juvenile anadromous salmonids and/or resident trout using electrofishing, traps, hook-and-line sampling, trap netting, or other methods.  We will coordinate intensively with other projects currently collecting fish in the target streams to obtain tissue samples for analysis.  Dorsal muscle samples from fish larger than 67 mm total length will be collected.  For smaller fish (less than 67 mm), whole fish will be collected to assure a large enough sample (Saito et al. 2001).  Stomach samples may also be taken to corroborate what fish are eating.  
Stable isotope samples will be sent to the Colorado Plateau Stable Isotope Laboratory based at Northern Arizona University in Flagstaff, AZ for analysis.  All samples will be dried for at least 48 h in a 60º C oven and then ground to a homogenous powder using a mortar and pestle.  To economize on mass spectrometer costs, individual fish samples can be pooled into composite samples according to length classes that approximate age classes and river locations.  Composite samples should contain an equal mass of each individual sample (Saito et al 2001).  In order to characterize the mean stable isotope and the associated variation about the mean for each taxonomic grouping across time periods and locations, a minimum of five samples will be processed (Lancaster and Waldron 2001).  A 1-2 mg sample will be individually processed for δ13C, δ15N, and δ34S signatures in a mass spectrometer.  The quantity measured in stable isotope analysis, δ, is the relative difference between isotope ratios of the sample and a standard:



δ = Rsample - Rstandard/ Rstandard • 103

where δ (‰) is the per mil difference, Rsample is the isotopic ratio of the sample, and Rstandard is the isotopic ratio of the standard.  The standards we will employ are Vienna Pee Dee Belmnite for 13C/12C and atmospheric N2 for 15N/14N (Lajtha and Michener 1994).  Isotopic δ34S signatures will be analyzed using similar methods.  

Task 3.2. Establish food web linkages.

Simple mixing models are limited by the number of sources and tracers used therefore they do not adequately describe complex food webs having multiple contributing sources and pathways (Lubetkin and Simenstad 2004).  We propose to use a similar approach as that of Lubetkin and Simenstad (2004) that use companion models SOURCE and STEP that overcome these limitations and can model complex food webs in aquatic ecosystems.  The SOURCE model estimates the assortment of autotrophic sources for consumers using the equations:
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where t, u, and v are tracers; (((represent average trophic level shifts; Ct, Cu, Cv, represent overall consumer tracer levels, which reflect it’s diet at trophic level L; 

and 0 (si (1.

An exact solution for the above equations cannot be calculated, therefore, sets of linear equations for subsets of sources are solved iteratively to model the mixture of multiple sources.  

Task 3.3.  Determine direct links between consumers and their diets
The STEP model is used to determine links between consumers and their diets.  This model estimates the isotopic signature for each consumer as a composite of its diet modified by one metabolic fractionation, and is represented by the equations below:
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where f are fractions that m potential foods contribute to a consumers diet.  The STEP model estimates direct diets of each consumer and calculates the trophic level position using the equation:
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where fi is the fraction each food source contributes to the diet of the consumer, and Li is the trophic level for each food source, and L is the trophic level of interest.  For a more complete and thorough description of the model and how mathematical solutions are determined, see Lubetkin and Simenstad (2004).  

Task 3.4. Validate food web model.

Model validation will be done in a similar manner to Lubetkin and Simenstad (2004) where simulations will be run on data assumed to be perfect (no variability) and data assumed to be more representative of multiple samples (introduced variability).  By performing these simulations we can evaluate how the model performs under ideal conditions, focusing on the mathematical validity of the model and how natural variability in the data would affect the model’s performances.  Results may also be compared to other simple mixing models.  

Work Element 4.  Bioenergetics modeling on juvenile salmonids assessing impacts to growth due to NZMS colonization

The colonization of a salmon rearing or migratory area with NZMS has the ability to alter feeding patterns by juvenile salmonids through shifts in invertebrate community dynamics.  Kerans et al. (2005) observed that high densities of NZMS were associated with low colonization of other macroinvertebrates, and could have the potential to influence large-scale distribution of macroinvertebrates.  Furthermore, NZMS were observed to be responsible for 65-92% of total invertebrate production in three Yellowstone rivers, this strongly indicates altered invertebrate assemblages and/or ecosystem function (Hall et al. 2003).

We will use a bioenergetics model to estimate growth rate potential for juvenile salmonids in rearing and migratory areas to assess potential impact to growth rate given a community shift in primary and secondary production from an invasion of NZMS.

The Fish Bioenergetics model 3.0 (Hanson et al. 1997) is a dynamic fish energy budget that follows the principle that energy input (consumption) and outputs (respiration, waste, and growth) must balance.  This equation is typically expanded to the generalized form proposed by Warren and Davis (1967):



C = (Mr + Ma + SDA) + (F + U) + (Gs + Gr)



           (metabolism)        (waste)    (growth)


C = rate of energy consumption,


Mr = standard metabolic rate,


Ma = metabolic rate increase (above the standard rate) due to activity,

SDA = metabolic rate increase due to specific dynamic action,

F + U = waste losses due to egestion (feces) and excretion (urine) rates,


Gs = somatic growth rate due to protein synthesis and lipid deposition, and


Gr = growth rate due to gonad (reproductive) synthesis.

We can use the model to predict growth over time, accounting for temperature, fish size, and diet quality.  Bioenergetics models have been widely used and many of the parameters for individual species can be obtained from the literature (Hanson et al. 1997, Beauchamp et al. 1995, Beauchamp et al. 1989).  Juvenile salmonid growth and recruitment success is likely influenced by the availability and quality of prey items.  If existing rearing areas are dominated by NZMS, shifting the macroinvertebrate prey availability, juvenile salmon will likely be forced to find other suitable habitat areas.  

Task 4.1. Determine the energy density of NZMS and other macroinvertebrates as prey items for salmonids

Literature stated values for NZMS were determined to be 6000 J g super(-1) (McCarter 1986).  However, unless the shell is broken NZMS can pass through the gut alive and add little to no nutritional value.  Many other prey energy densities have been determined throughout the literature (Hanson et al. 1997).  When possible we will collect dominant prey items (sampling described in work element 2) to determine their energy content within the geographic area of interest to be used in our model.

Task 4.2. Use juvenile salmon diet information and the bioenergetics model to examine growth rate/potential in rearing, overwintering and migratory habitats

Diet information will be obtained through literature review and isotope and gut analysis from samples obtained in the field.  A small number of lethal fish samples (collection described in task 3.1) will be taken to corroborate diet information.  Non-lethal fish samples for length and weight will also be obtained periodically throughout the study period to obtain growth estimates. 

Task 4.3.  Use the bioenergetics model to estimate the growth rate/potential given a shift in the macroinvertebrate community dominated by NZMS in rearing, overwintering, and migratory habitats.  

We hypothesize a shift in the invertebrate community due to dominance of NZMS consuming the majority of available primary production and displacing native secondary producers.  We will perform a series of model simulations manipulating the proportion of diet of native and non-native invertebrates (NZMS) consumed by juvenile salmonids.  Our model simulations will be based on different density estimates of proportions of native/non-native invertebrates available for consumption.

Monitoring and evaluation

g. Facilities, Equipment, and Personnel

The U.S. Geological Survey (USGS) is the primary research arm of the Department of the Interior, which manages nearly one-fifth of all land in the United States. The Department of the Interior co-chairs the National Invasive Species Council, and the USGS plays a significant role in implementing the National Invasive Species Management Plan, called for in the Presidential Executive Order 13112 on Invasive Species.  To meet the goals of the Plan, the USGS Invasive Species Program provides management-oriented research and delivers information needed to prevent, detect, control, and eradicate invasive species, and to restore impaired ecosystems.   The Columbia River Research Laboratory has been conducting research in the Columbia River Basin for over 25 years.  The laboratory has state of the art computing resources and GIS capabilities, and approximately 30 research vessels deployed throughout the basin.  The Oregon Water Science Center conducts a diverse array of water and biological monitoring and research in the basin.

Information transfer

The results of this study will be disseminated via annual progress reports, a Final technical report, presentations, and peer reviewed publications.  Meta data associated with this project will be collected and archived as per USGS protocols.
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