Project F: Aquatic Invertebrate Ecology
Executive Summary
The background section provides a good explanation of the importance of aquatic invertebrates. Continuing to monitor and use invertebrate data is important for restoring natural processes and animal species. Invertebrates are key to both our understanding of ecosystem processes and fish production constraints for adaptive management plans. The authors have highlighted useful results from the last period of the experimental Bug Flow experiment from the Glen Canyon Dam to the Colorado River. Their results are useful to goals associated with ecosystem processes, production and fish populations. It is clear that the scientists have worked to streamline sampling in this document to reduce costs of sampling and analyses. In the proposed work, this project could use a clearer description of what is happening in the upcoming period in F1 to help understand how this streamlined sampling approach will continue to fit into these important goals and how F3 and F4 would have enough samples for a strong baseline, inference on stated objectives, and/or will be collected could inform adaptive management.
Response: We have no choice but to cut budget and are talking with fish collaborators and other colleagues and using our best professional judgement about which data collections to preserve and which data collections to terminate. 

Comments by project element on the clarity and scientific quality of the proposal consistent with the goals established by the 2016 LTEMP Record of Decision and the need to assess resource status and trends, the effects of experimental and management actions, and potential other drivers and constraints.
F1: Sampling aquatic invertebrates Monitoring in Marble and Grand Canyons (p 165 title). Page 166 highlights. this project focuses on Glen Canyon Dam operations, tributary flooding, temperature, and downstream aquatic food web, but there is little to describe these linkages. The authors highlight the usefulness of past sampling, especially associated with the Bug Flow Experiment which seems to have a strong track record of helping to understand drivers due to experimental flows. They then suggest that the same usefulness will be achieved by less sampling. It isn’t clear (page 167, top paragraph) in their section, how shifting to sampling drift only associated with the fish projects (juvenile chub monitoring and rainbow trout) will influence their data sets, long term data sets, and future inferences. A sentence or two on why that decision will not be problematic for the long-term data sets associated with system-wide responses to experimental flows. Feasible solutions could just be a description of the overlap in time and space (or critical times) or links between drift and the Colorado River emergence data.

Response: We are currently working on these analyses linking drift and emergence data. However, we have no choice but to cut budget in some way and we are electing to preserve the light trapping and cut the annual drift data collections, because the drift data are not as spatially or temporally comprehensive as the light trapping. 

F2: Aquatic Monitoring in Glenn Canyon to link with rainbow trout study
Drift sampling will occur 4 times per year and at 5 sites to help inform the rainbow trout study. This appears to be an ongoing data set linked to understanding the broader constraints on rainbow trout growth and populations in the system. These data have been informative in the past and this makes sense. Once again, the authors have reduced their sampling to save costs of the project.

F3: eDNA of aquatic invertebrate monitoring of GC tributaries will continue and aquatic invertebrate assessments will be continued. eDNA can be a powerful tool to detect presence of different species. These analyses can set an important informative baseline. It is not clear that annual sampling is needed nor whether the analyses will be informative to understand drivers of distributions and how sampling will occur to help understand linkages in association with experimental flows. For example, typical model frameworks (e.g., species distribution models, occupancy models, spatial stream network models) used with eDNA data to model the distribution of species (pulling from “model the distribution and potential expansion of parasites, invertebrates and fish” (pg 170, top paragraph)) typically require more data points across space. It isn’t clear that the current sampling design or information is sufficient. Either describing the model structure that the authors were considering to address this objective (that would be informative) or reducing the number of years sampled but increasing the spatial extent may be useful. In addition, there is little information on the methods for the parasites and pathogens work, or illustrative example of status of those protocols. Have they been validated?
Response: We have added additional sentences describing the modeling approach to this section. The parasite and pathogen results (i.e., which species detected) have been compared to published studies describing parasites and pathogens that have been documented in Grand Canyon and there is good agreement between the two (data not shown). The parasites and pathogen work is being funded outside of the AMP, so we are electing to not describe this work in detail in the Triennial Work Plan.  We would be pleased to make a presentation of these results at the 2025 Annual Reporting Meeting. 
F4: Fish diet and health studies would be a useful baseline. Certainly, reevaluating food webs seems reasonable to track these systems through time, especially as flows change and species communities are influenced by exotic species to a greater degree. In much of the existing literature, stable isotopes have sampling throughout the food web to ensure updated (or illustration of stability for isotopic signatures). It isn’t clear invertebrates will be re-analyzed (even a subset) for current isotopic signatures across the entire food web.  Is there a plan to sample more than just fin clips? For the mixing models, where will the source information (potential prey items) come from and when was that sampling (~15 yrs ago?). 
Response: We are analyzing stable isotopes of caddisflies to provide context for caddisflies strong and positive response to the Bug Flow experiment.  However, cuts in funding to Project F overall and this element specifically prevents us from doing additional analyses of other invertebrate taxa. We are only sampling fin clips to honor tribal concerns regarding the taking of life. We are also re-evaluating our approach to analyzing this fin clip stable isotope data based on cuts to this project element. We may take a different approach than mixing models, which as the reviewer notes requires similar stable isotope data from potential prey items (i.e., invertebrates). For example, we may quantify niche breadth for select species of fish and compare to historical data on niche breadth (eg, Sabo et al 2017) rather than using mixing models.   
The eDNA objectives could benefit from more detail to better understand the linkages and scope of the project. When and where will the fish be collected from? What will be done with the fecal samples?  Will these samples be analyzed with the invertebrate primer sets? It isn’t clear the presence of DNA is as diet sample analyses is particularly useful. Certainly, as we consider diet analyses, often we summarize items in terms of biomass or energy gained from a particular food source to make food web linkages. Similar questions on lab analyses arise for the parasites and pathogens, will these samples be run through the metazoan primers? Or will something else be occurring?  Are the fish fecal samples coming from the rainbow trout study and or the other fish studies where parasite or pathogen load could be linked to individual fish performance (condition, growth, survival)? Often the presence of a parasite is not particularly concerning but the relative parasite load is important for individual performance. Could the protocol be adapted to test a quantitative method? It isn’t clear in the description whether the student working on the fecal samples will be supported by this project, as it states that this will be funded from a USGS/NPS-Water Quality Partnership Grant (page 171 mid-way down page).
The feasibility of accomplishing the stated three-year goals and elements of each project. 
Overall, the feasibility of all project elements is high. The feasibility of accomplishing F1 and F2 is high as there are fewer samples than in the past long-term data sets. The feasibility of resampling and running eDNA from 18 mainstem sites and the 18 tributaries seems very high. The biggest uncertainties are around the feasibility of developing and validating the eDNA for parasites and pathogens in F4.  That said, the scientists could easily restrict their assessment to those assays that are working well and validated (specific metazoans).
Response: The detection of parasites and pathogens in water samples (eDNA) and fish fecal samples is feasible and validated, and results have been compared to published studies of parasites and pathogens with good agreement between the two approaches.   
Relative priorities, funding levels, contributions and readiness to undergo a review 
F1 & F2: Continuing long-term data sets to be able to evaluate the key parts of the food web seems like a high priority as conditions change and adaptive management decisions are weighed. These are critical linkages in the food web. The scientists have already substantially restricted sampling of drift samples to include only those associated with the fish sampling and removed other aspects beyond the citizen science emergence samples. These proposal elements are important and very feasible within the time frame.
F3: eDNA is a powerful but the previous project appears to have set up a baseline. I am not convinced that the current project as described will allow them to expand the baseline or achieve the objective of modeling the distribution and potential expansion of species in a way that gets at drivers, constraints, or is linked to adaptive management actions. As described, this would be ranked as a moderate priority, but could be elevated in ranking depending on further description to clarify its importance. That said, the methods have been previously developed and applied and the feasibility of the project element to be completed in the time frame is high.
F4:  Revisiting a description of the food web seems very useful and feasible within the time frame. This seems like a high priority given the changes to the ecosystem over the last 15 years, and fits into the broader set of projects well. The feasibility and usefulness of F4 (eDNA of diets and parasites and pathogens) is less clearly linked to the constraints, drivers, and adaptive management actions. A broader description of what is going to happen (scope of project) could elevate it in the overall priorities. Based on the document, it isn’t clear that the parasites and pathogens elements are funded by this project.  Thus, the links of these elements to previous funded projects makes the time frame more feasible.

