Project E. Controls on Ecosystem Productivity: Nutrients, Flow, and Temperature 
Executive Summary 
Overall, this project has broad implications for the Colorado River ecosystem.  The project summary is clear on the importance of the role of P availability, temperature, flow, and “green” versus “brown” food web components on productivity and available resources for fish. There is a good literature review on the major ecosystem components and processes. The authors produced a well-designed study examining ecosystem metabolism and GPP last cycle and this proposal builds upon those results.  Project element E1 is about the factors affecting variation in P availability across the Colorado River (dam releases and tributaries) and the potential for shortterm internal storage in using P. Project element E2 follows up on the links between P availability (or limitation), producers, and GPP.  Project element E3 expands the knowledge of the “brown food web”. Project element E4 is a bit of an outlier to this section, as it explores whether certain native fish have low metabolic rates compared to other fish taxa.  Overall, these authors lay out the findings and importance of the past research and demonstrate the importance of understanding these broad objectives for both a base understanding of the ecosystem, as well as, how these ecosystem processes may respond to future environmental conditions (Lake Powell water level changes) and flow experiments. 
Even though many of these proposal elements are useful and important for adaptive management, at times this project proposal felt like it was cut and pasted from different groups or past proposals. A re-organization of this proposal, internal consistency, and ensuring parallel order could have made tracking the elements clearer and reduced redundancy. We have tried to improve flow where possible, you are correct that several people collaborated to write the proposal, so there are a few different voices to integrate.
The first project element is most convincing in its link to creating baselines and linking to adaptive management scenarios – when and where might dam releases make a difference to phosphorus availability?  As the other project elements E2 and E3 add to the story. Adding the composition of primary producers can be informative, for refining ecosystem metabolism, GPP, and the transfer of that production into higher trophic levels.  The introduction implied more was going to be done with major groups (beyond benthic diatoms), which was not clearly included in the methods. E3 allows the scientists to measure ER beyond the Glen Canyon.  By refining these components, the broader spatial and temporal variation in river metabolism, GPP, and decomposition will be examined.  All these elements are completed with a framework of understanding ecosystem processes and how flow experiments alter those processes. E4 is a bit of an outlier in this project section, useful but less of a priority given the broad goals of this section and vague links to priorities such as experimental flows or adaptive management. E4 is meant to be an integrative element that take what we have learned in Project E and links it to fish.
Specific Comments 
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. 
E1: As the Colorado River is considered nutrient limited, constructing a phosphorus budget for the Colorado River ecosystem, in particular understanding the relative input of phosphorus seems very useful. Please consider, correcting miscited figures (pg. 139, Methods cite Figure 2), ensuring the ordering of objectives are a logical flow, and using parallel order to better link methods to the different objectives (or hypotheses - please pick one) would be useful. We have corrected the miscited figure, thank you for catching that. We have also tried to improve the order in which we introduce figures and concepts.  The mass balance modeling framework seems like a reasonable first approach, it appears that there are monthly measures of outflow from Glen Canyon Dam are occurring, but where are the tributary measures coming from? Are there tributary measurements from the tributaries associated with storm events, if so, how many of the tributaries have appropriate measurements? Is this part of the budget or do these measurements exist? These measurements already exist and are pictured in Figure 3.  The work proposed here will be analysis and writing about these data.
It isn’t clear, is there something about the benthic algae downstream of Lees Ferry that would sustain elevated GPP during the monsoon period? Or is that just a place over-P uptake has been potentially detected in the past? It appears that the scientists will be tracking 1 storm event. Is it likely that the capacity of alga to over-uptake P would depend on the background concentration (previous storm events?) or early or late in the monsoon season?  The potential effects could change if these are important considerations.  I see the current approach as an initial proof of concept, is it happening? We have dropped the overplus P uptake aspect of Project E1 due to funding limitations.
I do not see any reference to H4 in these brief methods, so it is difficult to determine how this will be assessed or the scientific quality of the approach. We have added some methods text describing how we will address H4
E2: Rates of production and composition of primary producers.  These authors have made very good initial progress on the broad modeling of GPP, but in this project will continue to make progress using additional years of data, considering tributary inputs, and the composition of primary producers. Certainly, environmental and community shifts since the last assessment of primary producers would suggest that this community may have changed.  The scientists will link in with existing monitoring trips (for efficiency and cost-savings) to sample benthic diatom communities in the spring and fall.  It isn’t clear in the methods if this survey data will be incorporated into the new modeling (paragraph 2, page 142) or not. I do not see any reference to the in-situ experiments for linking broad distinct algal communities to metabolic rates (line 7 page 141) in the methods or incorporated in the time series modeling described on page 142. Is there another method that will help refine the rate of primary productivity by group? While we hoped to use in-situ experiments to inform GPP modeling, the in-situ experimental work is currently unfunded.
I do not see the inference in contextualizing these benthic algal diatom samples with Lake Powell phytoplankton composition samples, a further explanation would be useful (page 143).  Finally, there is the automated mapping of the submerged aquatic vegetation. Given the reported current state of that project, it seems like results from a few validation approaches could provide a useful argument for continued funding. How well is it currently working?  Working with the Lake Powell phytoplankton samples and the vegetation mapping project are currently unfunded.
E3: Expanding our understanding of ER in western Grand Canyon and compare with Glen Canyon information from past project.  This work will measure ER, decomposition rates, and test cotton strips as surrogates for understanding the microbe component. The experimental methods are clear and straightforward.  Given the few places it is possible to measure ER, completing measures outside the Glen Canyon section is useful and needed.   This element is currently unfunded.
E4: This project objective links fish consumption into ecosystem models.  This seems useful to link the broader food web, but it seems like using the stable isotope network from project F would be useful to consider the fishes’ diets to invertebrates, and primary producers if the goal is to understand potential drivers of food limitation for different fishes, as well as BMR or AMR.  For example, the effects of New Zealand mud snails can have a strong impact on the GPP to fish relationships where they are abundant if fish are not consuming them readily. We agree, thank you for your comments. The methods are vague (RMRS labs or elsewhere, at multiple temperatures, etc.). In energetics studies people have found diel cycles produce different results than constant temperatures, also oxygen (less than saturation) may influence the physiological response of an animal. It appears in certain sections DO can be low in these systems. What fish sizes will be tested (often respiratory chambers hold juveniles and small adults) and how does that size range overlap with the field measures that some native fish are relatively unresponsive to low food availability?  Which species are present in the area for the scope of the modeling?  Which ones have relatively unknown BMR and AR in the general region (as there are latitudinal differences in optimal temperature for growth, etc.)?  We have added this information to the proposal. A more specific suggested ecosystem modeling approach and how it would help pull together what we know to help set up predictions for flow experiments and/or fish species of interest would be useful. 
The feasibility of accomplishing the stated three-year goals and elements of each project.  
E1: This project element appears feasible to accomplish with the time frame of the project. 
E2: The feasibility of the methods, update and add complexity to a model, sampling algae and completing analyses of underwater imagery is feasible to do in the three-year period. 
E3: This project element is straightforward and would be able to be accomplished within the time frame. 
E4: Overall, the metabolism experiments are straightforward.  Doing a good job on the ecosystem modeling could take more collaboration with others leading other project elements and would have to be completed in the latter half of the project timeline but could be drafted and presented. 
Relative priorities, funding levels, contributions and readiness to undergo a review  
E1: I would rank the three objectives within E1 to be a high priority. It is important to learn more about P cycling in the Colorado River assuming the data are appropriate for the modeling framework.  Not only does this help us have a broad baseline for these systems, but understanding the spatial and temporal source of P and more specifically the relative role of dam releases in the general production of the system is important.  
E2: I would rank this project element as a relatively high priority for understanding the ecosystem processes and relative role of dam operations in the base of the food web, though there are issues with internal consistency within the description of the project elements. Further exploring the spatial and temporal drivers of GPP across the Colorado River is an important baseline but also key as scientist work to understand the role of P availability, adding changes in primary producers and their P uptake could also improve our understanding of the bottom-up pathways for the food web. 
E3: I would rank this as moderate to high on the priority list. Gaining a better understanding of decomposition and ER for understanding broad ecosystem processes, river metabolism, and the brown food web.  Broadening this understanding beyond Glen Canyon sections would provide stronger inference for incorporating ER into the broader Colorado River framework.  This should be completed and ready for review in the time frame of the project. 
E4: I would rank this project element as a moderate priority. Designing ecosystem models on a species-by-species basis may not help with understanding food limitations derived from the entire community’s consumption. Yet, doing species level work would be a start and would be useful for native species of conservation interest and could be completed and ready for review in the time frame possible. Currently this is a moderate priority, as a broader modeling framework and making clearer links to how the scientists plan to link these models to the environment and experimental flows would be useful. 

