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Executive Summary
Project D includes a mix of elements that would be continuations of already established monitoring efforts and new efforts. The proposal has high scientific quality, and the work is 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. For example, the work will directly address the LTEMP goal for Archaeological and Cultural Resources and specifically evaluate how experimental vegetation management will affect archeological sites. The project uses a mix of state-of-the-art topography and vegetation surveying tools (TLS) and more traditional but visually powerful (repeat photography) methods. The project and its sub elements are feasible with respect to accomplishing three-year goals. The relative priorities and funding levels proposed for the different project elements are appropriate; I have no suggestions for improving cost effectiveness. Project D directly contributes to the adaptive management of the resources and the experimental and management actions prioritized in the 2016 LTEMP Record of Decision. This has a high likelihood of readiness to undergo a comprehensive review of its accomplishments and design after the completion of the FY 2025–2027 work cycle, especially those elements (D1, D2) that are continuations of previous work.
Response (Fairley Sankey): We are pleased that you acknowledge the high scientific quality of our work on this project and we are glad that you recognize the work for directly contributing to the adaptive management of resources and the LTEMP goal and experiments.
Review
My feedback on the five required review elements is provided in the Executive Summary and is not repeated here for the sake of brevity, although some additional comments are provided. I am only reviewing Projects C and D, so I am not familiar with other projects.
Project D is written in a way that alternates between a specific workplan (we will do X) versus a proposal (we propose to do Y; i.e.,. the unfunded components). As an external reviewer, it’s difficult to know whether this is a function of stylistic differences among different authors, or whether some elements are essentially done deals (e.g., established or required in LTEMP) and external review is a formality. This is especially true of D1, which is described as “modified ongoing,” although I could not find any description of modifications. For D2, there is at least some discussion of new directions within ongoing work (e.g., Goldwater photos). Some of the more proposal-like elements (D4, eDNA) are beyond my expertise. Regardless, the work is meritorious and consistent with the LTEMP. 
Response (Fairley Sankey): We are pleased that you find the work meritorious and consistent with the LTEMP. The difference in language is primarily a function of the stylistic differences in how the two project leads write. D1 is intentionally described as “modified ongoing” simply because the work in D3 in this TWP was included under element D1 in the previous TWP. 
 My only substantive comment is that I’d like to see more integration between Projects C and D– they have overlapping content related to monitoring riparian vegetation, so I was surprised not to see any cross-referencing or mention of synergies.
Response (Fairley Sankey Dean Palmquist): While the reviewer correctly notes that there is overlap in certain general topics covered by Projects C and D (e.g., vegetation, geomorphology), these two projects address fundamentally different resource goals and research questions, and they employ very different methods and scales of analysis.  Project D is fundamentally focused on researching how dam operations affect cultural resources, including both individual archaeological sites and the larger cultural landscape in which the sites are embedded, and it is also researching possible means of improving the condition of cultural resources through modifying dam operations and through targeted vegetation management strategies. Project C, on the other hand, is fundamentally concerned with monitoring and researching how dam operations affect the modern riparian vegetation of the river-corridor. Project C monitors vegetation using a random sample of transects; it also is proposing to conduct laboratory experiments, the results of which can be used in future modelling applications. Project D monitors a non-random sample of archaeological sites and is matching pre-existing photographs at specific locations, few of which overlap (so far) with the locations of the random vegetation transects. That said, information from Project D can and does inform aspects of Project C and visa versa.  For example, Project D2 is collecting matches of historical photographs primarily to document changes in the open sand areas that formerly served as sand sources for aeolian dunefields, but also to collect information about changes to the cultural landscape in terms of the density and species of vegetation present at specific locations in the river corridor today compared to in the past. Analysis of the historic photo matches has and will continue provide illustrative examples of the types and amount of vegetation change that has occurred since closure of Glen Canyon Dam.  The matched photos also document the types and distribution of geomorphic changes that are the primary focus of Project C4, while analysis of the vegetation changes in the matched photographs has been and will continue to be useful for documenting vegetation changes over much longer time periods than the much shorter-term monitoring observations of Project C1. D2 documents geomorphic changes to the river corridor through empirical observation of changes visible in the matched historical and modern photographs, while C4 proposes to use an analysis of post-2000 aerial imagery and modelling as the principle means of characterizing and explaining the processes responsible for the observed geomorphic changes.  The results of C4 will, in turn, help to inform Project element D1, by potentially explaining why so many archaeological sites that were previously classified as Types 1 and Types 2 (in terms of their connectivity to bare, upwind, subaerially exposed sandbars that serve as aeolian sand sources) are now classified as Type 3 which lack connectivity to aeolian sand sources owing to long-term vegetation encroachment  on upwind sandbars. The C4 results may also help to inform D3 research and managers about what may be necessary, in terms of modified dam operations and/or vegetation removal or planting strategies, to reverse observed trends in the continuing degradation of archaeological sites. Likewise, information obtained through Projects C2 and C3 can potentially provide additional insights about the most or least appropriate methods for managing specific species of riparian vegetation in order to enhance aeolian sand transport, both for the purpose of maintaining the unique source-bordering dunefield habitat of the river corridor landscape and to maintain archaeological site stability.  Thus, although Projects C and D are focused on studying different resource components of the river corridor landscape and on answering very different research questions, information collected through each of these separate research and monitoring projects can potentially enhance and complement certain aspects of the other project. A new figure has been made and inserted in C4 that helps to clearly illustrate these linkages.
P. 101, D5. The phrasing of the science question is awkward. There is an actual science question embedded / implicit: What are the occurrences, rates, and causes of degradation? But upon reading the description of this element on p. 115-116, this seems like more of an outreach element; illustrating data and a method (TLS, photogrammetry) to tribes, rather than an effort to advance science, which is why framing it as a science question (and mixing the outreach component and the actual science question) is awkward.
Response (Fairley Sankey): Good points. We broke the two components you highlight (monitoring of panels vs. data and methodology demonstrations) into separate questions.
P. 101, project D6 should be mentioned here
Response (Fairley Sankey): Thanks for pointing this out. We inserted a subsection of text about D6 when we revised the 3rd Draft.
P. 106. 40 sites is a lot, and presumably expensive. With an eye toward cost effectiveness of future funding requests, I encourage including some assessment in D.1 of which sites are most informative and key for LTEMP goals, in the event that the number of monitored sites either needs to be (because of reduced funding) or can be (because of the prioritization analysis suggested here) reduced in the future
Response (Fairley Sankey): We inserted the following text when we revised the 3rd Draft to explain the statistical and geomorphology basis for the sample of 40 sites and to make it clear that only 1/3 of the sites are visited each year. “The total sample size is 40 archaeological sites, with 12-14 sites monitored each year of the three-year work plan. The sample of 40 sites represents approximately 10% of the entire population of river corridor sites in Grand Canyon. We selected the sample of 40 sites for lidar measurements from the entire population of river corridor sites using two site classification systems (East and others, 2016, 2017) that characterize the extent to which each site is 1) degraded by gully erosion, and 2) positioned within the landscape to be resupplied with sand transferred by wind from adjacent sandbars.” 
Figure 4 would be more clear with outlines or white space between the images, otherwise they blend together
Response (Fairley Sankey): Thanks for pointing this out. It is an MS Word (not figure) formatting issue that will be addressed in the final draft. 

