Response to ISRP comments on proposal 200737100 - Documentation of food-web linkages in the mainstem Columbia River: towards understanding the role of invasive species and establishing a baseline trophic state.

ISRP -Taking an ecosystem approach towards an understanding of the role of invasive species is worthwhile and the ISRP appreciated the proponents’ ideas toward this end. The literature review was well done. Understanding food webs would help forecast effects of invasive species and the use of stable isotope is innovative. While the proponents try to make the case that the main effects of invasive species in the Columbia River Basin is via food chain effects, other mechanisms may be operating for example structural changes from invasive plants such as milfoil. A specific study that integrated structural and food web effects would require a more complex project.

Response: We appreciate the reviewer’s comments regarding the structural effects associated with the establishment of invasive species in the mainstem Columbia River, in particular, the establishment of Eurasian watermilfoil (hereafter referred to as milfoil).  To address this issue, the USGS Western Fisheries Research Center has provided funding for and conducted an assessment of the distribution of milfoil in an impoundment of the Columbia River and is in the process of developing a predictive model that will assess habitat conditions that promote the establishment of this invasive aquatic plant (Counihan et al. In preparation.  The effects of reservoir operations on the distribution of Eurasian watermilfoil in an impoundment of the Columbia River).  To facilitate the assessment, we conducted a survey of milfoil in Bonneville Reservoir that has resulted in a GIS layer containing the georeferenced distribution of milfoil.  As a result of this survey the USGS has discovered that a significant proportion of the shallow water habitats in Bonneville Reservoir are now inhabited with stands of aquatic macrophytes and that the stands are predominantly milfoil.

The bathymetric information used in this evaluation was collected during a cooperative effort between the Geologic and Biological Disciplines of the USGS that has resulted in a detailed bathymetric survey of Bonneville Reservoir.  Bed elevation data were collected using a multi- and single beam sonar unit and then input into a GIS.  An example of the detail associated with the survey is shown in Figure 1.  Water velocities used in the development of the predictive model were output from model runs of a two-dimensional hydrodynamic model that has been developed for Bonneville Reservoir (Hatten and Counihan In preparation.  The development of a 2-dimensional hydrodynamic model for an impoundment of the Columbia River).  Examples of the output associated with the model are shown in Figure 1.  The milfoil GIS layer was then incorporated with the bathymetric and velocity data to develop a predictive model that would assess habitat conditions that promote the establishment of milfoil (Figure 1).  We are in the early stages of validating the logistic regression model we are using to predict the probability of presence or absence of milfoil.  We are also still working to validate the hydrodynamic model and have recently collected data at the higher river discharges present this year.
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Figure 1.  Predicted water velocities near Hood River, OR from a two-dimensional hydrodynamic model run at a discharge of 150,000 ft3·s-1.through The Dalles Dam.  The velocities are shown in colors ranging from blue (low) to red (high).  The velocity data are overlain on bathymetry data collected during a bathymetric survey conducted by the Coastal and Marine Geology Division of the USGS.  The distribution of Eurasian milfoil from an aquatic macrophyte survey of Bonneville Reservoir conducted by the Columbia River Research Laboratory is also shown for the areas. 

As part of this research, we plan to assess the effects of reservoir operations on the distribution of milfoil and also assess the effects of milfoil on habitat parameters (e.g., water velocities).   Preliminary results for the modeling exercise suggest, not surprisingly, that water velocities and depth may be good predictors of the presence or absence of milfoil in Bonneville Reservoir.  Once we have completed the model validation we will conduct several hydrodynamic model runs to determine if there is a river discharge that will reduce the predicted distribution of milfoil.  

With respect to the work proposed here, we had also planned to incorporate the results of this research into the sampling design associated with this proposal.  Essentially we had intended to include the milfoil distribution data to guide our sampling of aquatic macrophytes and also to develop habitat catena as a stratum to be sampled for other organisms.  We believe that milfoil is both a function of the available habitat and a habitat type (at least during certain times of the year) at the same time.  Preliminary results from this work were presented at the annual American Fisheries Society meeting in Anchorage last year.

1. The proponents should provide a focused and strategic approach with a set of well-developed hypotheses rather than a synoptic study as described. 

Response:  We have addressed this comment by providing additional detail about the sampling of fish species for this study in the proposal.  We have included a specific task that will allow for the sampling of tissue and stomach contents of multiple white sturgeon life stages, Common carp, juvenile American shad, Northern pikeminnow, and smallmouth bass.  We do still intend, and need, to sample and characterize the isotope signatures of the lower trophic levels using a probabilistic habitat based sampling design during different times of the year.  We respectively suggest that this strategic approach will account for the energetic inputs from streams tributary to the Bonneville Reservoir, the retention of organic matter by the Dalles Dam (i.e., detritus inputs will increase as you move further downstream of the dam), and also the variability in the invertebrate and fish community related to the habitat gradients in the reservoir.  In the absence of this approach, gaps in our understanding of the respective roles of energy inputs, for instance from tributaries to the mainstem, may occur (please see our response to Question 3 below). 

We offer the following set of hypotheses associated with this proposed work:

Ho: Despite the fact that Eurasian watermilfoil is now abundant in shallow water habitats and likely constitutes a large proportion of the plant biomass in Bonneville Reservoir, the production of this aquatic plant does not contribute significantly to the food web. 

Management implication: Programs to limit the distribution of this invasive plant will increase the energetic inputs to Bonneville Reservoir by increasing periphyton production that will be more palatable to secondary consumers.  (Note: the alternative hypothesis here is that milfoil does contribute significant resources to the food web and thus the management implication would be that the removal would alter a significant energetic pathway).

Ho: Common carp are competitors with white sturgeon and utilize similar energetic pathways.

Management implication: Removal programs for carp will benefit white sturgeon.

Ho: The Asian clam is a significant component of the food web in Bonneville Reservoir and contributes energetic resources to white sturgeon.

Management implication: The introduction of the zebra mussel that is a potential competitor with the Asian clam and likely much less available to white sturgeon, will result in decreased white sturgeon production.

Ho: The Northern pikeminnow and smallmouth bass are benefiting from the altered energy flow caused by the establishment of invasive species in the mainstem Columbia River, namely the American shad.

Management implication:  Efforts to reduce the population of American shad will benefit migrating juvenile salmonids by reducing predation pressure from the Northern pikeminnow and smallmouth bass (see: Sauter, Sally, Robin Schrock, James Petersen, Alec Maule, "Assessment of Smolt Condition:Biological and Environmental Interactions; The Impact of Prey and Predators on Juvenile Salmonids", 2004 Final Report, Project No. 198740100, 50 electronic pages, BPA Report DOE/BP-00004740-1). 

Ho: Established invasive species constitute a major perturbation to the historic food web in the mainstem Columbia River.

Management implication:  Since invasive species introductions may confound efforts to manage important fish resources, efforts to limit future introductions should be increased 

Ho: The food web is not static and will flux with additional invasive species introductions (e.g., zebra mussel) and as the mainstem reservoirs age.

Management implications:  Since the food web in Bonneville Reservoir (and other mainstem reservoirs) is likely to flux with time, management actions, or invasive species introductions, currently applied management strategies may need to change or be updated to accommodate the changes in how energy is processed through the system. 

2. More details and description of the specific food webs that the proposed study would focus on are encouraged. For example white sturgeon are mentioned as a target fish species in the narrative but in Task 1.5 fish (in general) are to be obtained opportunistically from a variety of sources. If the Asian clam/white sturgeon food linkage is of most concern, this should be focus of the study. Has contact been made with fish researchers in the study area? The ISRP was also concerned that no empirical data on gut contents of the top predators (fish) were to be obtained. 

Response: We hope that we have clarified the food web linkages we are interested in examining during this study though the development of the hypotheses in response to Question 1.  We are not only interested with the linkage of Asian clam to white sturgeon but also the energetic pathways that contribute to potential competitors with white sturgeon (Common carp), predators of juvenile salmon (Northern pikeminnow and smallmouth bass), and the role of Eurasian watermilfoil in the food web.  

We have contacted fish researchers in this area.  Specifically we will coordinate intensively with ODFW to obtain tissue and stomach samples for the fish species identified above and other fish species opportunistically through the White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam (BPA project 198605000) and the Northern Pikeminnow Management Program (Tom Rien personal communication).  Additional samples will be obtained from the USGS white sturgeon young-of-the year index trawling that is conducted annually (BPA project 198605000).  We have updated the relationships to projects section to reflect the coordination.  

We have added a task to the proposal that specifically states that we will be taking empirical samples of the gut contents of fish.
3. The proposal would benefit from an explanation of how “baseline” data on stable isotopes in the food webs of the highly altered river system (above Bonneville) would provide information for managers. Are the methods too complex to use operationally?

Response:  We feel strongly that the establishment of a baseline assessment of the structure of the food web in Bonneville Reservoir (and other mainstem reservoirs would allow for an assessment of major perturbations in the energetic pathways caused by future introductions of invasive species (i.e., zebra mussel) and also allow managers to assess the potential effects of efforts to control certain invasive species such as Eurasian watermilfoil or carp.  We would also suggest that even though the river system above Bonneville Dam is “highly altered,” the system is not static and will change as the reservoirs age (see: Gido, K.B., W.J. Matthews, and W.C. Wolfinbarger. 2000. Long-term changes in a reservoir fish assemblage: stability in an unpredictable environment. Ecological Applications: Vol. 10, No. 5, pp. 1517–1529.), further mitigation actions to recover Pacific salmon or white sturgeon are conducted (i.e., flow manipulations, etc.; see: P. C. Furey, R. N. Nordin, and A. Mazumder.  2006.  Littoral benthic macroinvertebrates under contrasting drawdown in a reservoir and a natural lake. Journal of the North American Benthological Society: Vol. 25, No. 1, pp. 19–31), and as other introductions of invasive species occur.  Thus, given the high probability for the system to flux, fish managers could be faced with a moving target that will be hard to put in context without a proper baseline.  For instance, in the past decade Eurasian watermilfoil has become abundant in the mainstem reservoirs, but we do not have the data to understand the potential consequences to the food web.  However, given the prevalence of this invasive plant, it is likely to have altered the energy flow in the reservoirs in some way.

With respect to whether the methods are too complex to use operationally, we would like to reference investigations of the energetic pathways using stable isotopes that are being done on the Colorado River, another highly altered system.  This research is being conducted to inform the management of the endangered humpback chub and the rainbow trout fishery in the reach of the Colorado River below Glen Canyon Dam.  Fish managers in this area documented declines in the size of native fish populations and the condition of rainbow trout and thus decided it was important to understand the food resources were driving fish growth and production and the sources of energy that were influencing secondary production.  From this research a relatively clear picture of the food habits of rainbow trout and the humpback chub have emerged (Gloss, S.P., Lovich, J.E., and Melis, T.S., eds., 2005, The state of the Colorado River ecosystem in Grand Canyon: U.S. Geological Survey Circular 1282, 220 p.; see: http://www.gcmrc.gov/products/score/2005/pdf/score_2005.pdf).  Using stable isotope analysis, it was determined that Gammurus, simuliids, and chironomids were the most important prey items and that these invertebrates were primarily utilizing diatoms attached to Cladophora.  However, some questions do remain regarding the role of terrestrial inputs and thus, future investigations will focus on the role of terrestrial inputs into the system.  The report further states that 

“- it seems clear that future research and monitoring efforts should take a broader view of the food web and attempt to document the relative importance of aquatic and terrestrial organic matter to invertebrate and fish production.  For example, if invertebrates, and by extension humpback chub and rainbow trout, are dependent on algae throughout the ecosystem, a systemwide reduction in algae production <from dam operation management> would likely have strong negative consequences.  Alternatively, if terrestrial organic matter is fueling production of invertebrates at downstream sites, then findings from the proposed food web research would provide managers with some of the information necessary to assess the effects of proposed management actions, including sediment augmentation and thermal modifications, on fish production.”

While we acknowledge the differences between the Colorado and Columbia rivers, we feel the work on the Colorado is an excellent example of the potential for this proposed research on the Columbia River to have management applications.  Fisheries management can benefit from a food web perspective because of the ability of the research to help facilitate an understanding of the response of competitors, predator, and prey to management actions (Parsons, T.R.  1992.  The removal marine predators by fisheries and the impact of trophic structure.  Marine Pollution Bulletin, v. 26, p 51-53.).

4. Information on where the stable isotope analyses will be determined and the capability of the laboratory staff would improve the proposal. 

Response: Stable isotope samples will be sent to the Colorado Plateau Stable Isotope Laboratory based at Northern Arizona University in Flagstaff, AZ for analysis.  The laboratory processes isotope samples for a diverse array of research organizations (see: http://www4.nau.edu/cpsil/).

[image: image1]