


Response prepared by B. Healy (responses are in bold italic below each comment)
Review of Project N: Native fish population dynamics
Executive Summary
The scientific research questions of interest are clear and consistent with the LTEMP Record of Decision to track status and trends of natural resources and the effects of actions to help inform decision-making for the Other Native Fishes (ONF) goal of “Maintain self-sustaining native fish species populations and their habitats in their natural ranges on the Colorado River and its tributaries.” In addition, the background and justification for the proposed research questions and project elements are comprehensive and covered well. I only had a few minor points about the research questions to consider in the “Specific comments” section of this review. The dataset that will be used to address research questions is a robust data set with over 20 years of monitoring data and supplemental datasets including data from PIT tagging that can be used for mark-recapture analyses to estimate demographic rates (e.g., population growth, survival), and data from larval and small-bodied fish trapping. The methods will likely be appropriate to evaluate each research question of interest, however the description was vague. The proposed project work section could be improved by providing a short description of methodological approaches applied individually to each scientific question or emphasis area, an expanded explanation about assumptions of available data and alternative approaches to address each question, or a set of minimum and maximum expectations for results/outcomes and products depending on if assumptions are met for each emphasis area. Given that a large body of data exists for ONF, but has yet to be evaluated, this project proposal represents a valuable opportunity to expand information about priority resources and contribute to added value to addressing LTEMP goals.

Response: I sincerely appreciate the constructive and positive comments by the reviewer. I agree with the points made – this project could provide valuable insights into the drivers of fish population dynamics in the system (including potential influences of flow experiments), and potentially answer key questions beyond those that have been addressed by focusing (mostly) on one species (humpback chub). Unfortunately, the funding was cut by ~98% after the first draft, including 100% of my salary related to this project. Thus, I can’t justify spending additional time developing this project, while searching for projects outside the Glen Canyon Dam AMP to support my salary for the next three years. Nonetheless, I will try to support the graduate student and make progress on the analyses in my free time as much as possible. 

We are unsure what specific science products can be delivered until we secure additional outside funding to support the graduate student’s tuition, find an advisor with matching scientific interests, and have discussions about specific chapters. I will expect 1-2 chapters will align with element N.1 (and/or potentially N.2 if the student and advisor are interested in VOI and decision analysis). 

Summary of 5 elements for review
1. 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 (see Review Panel Prospectus). 
	The scientific research questions of interest are clear and consistent with the LTEMP Record of Decision to track status and trends of natural resources and the effects of actions to help inform decision-making for the Other Native Fishes (ONF) goal of “Maintain self-sustaining native fish species populations and their habitats in their natural ranges on the Colorado River and its tributaries.” The questions address 1) the distribution status of speckled dace, bluehead sucker, flannelmouth sucker, and razorback sucker in the mainstem and tributaries, 2) demographic trends and rates of sucker species, and 3) relating variability in ONF occurrence and demographic status and trends to environmental drivers including flow experiments and other management actions, habitat variables such as temperature and discharge and predation pressure of nonnative species.

Response: Thank you for your comment.

2. The feasibility of accomplishing the stated three-year goals and elements of each project. 
	Given the large PI team with technical and natural history expertise, completion of all three project elements appears to be feasible, especially if the data is ready for analyses (i.e. datasets collected by different entities are already collated with matching fields, formats, etc.). Some clarification is needed on the subset of science questions and deliverable products at the end of the project period if only element N.1 can be pursued with current funding for FY25. See specific comments below.  

Response: Thank you for your comment. Data are housed in the GCMRC fisheries database, or in an database maintained by the NPS- Grand Canyon National Park. I developed the NPS database earlier in my career and it was designed to integrate with the GCMRC database (same field names, standard methodologies for data collection were followed, etc.). For the last point, see my comment above.  

3. The relative priorities and funding levels proposed for the different project elements included under each project and opportunities to improve the cost effectiveness of each project given the need to reduce expenditures (see Review Panel Prospectus). 
	Although a prioritization scheme of the project elements is not described explicitly, Element N.1 appears to be prioritized to create a baseline of knowledge about ONF occurrence and demographic dynamics, which is reasonable. Element N.2. depends on N.1. and would provide a decision support framework based on N.1 outcomes. Additionally, element N.1 is the only element with current funding, but if funded only at current levels would have constrained outcomes. 

Response: There was not direction that I was aware to explicitly prioritize elements within projects. N.2 may depend somewhat on N.1, but decision tools like value of information analysis can be used without quantitative models (e.g., with expert elicitation and constructed scales, or qualitative VOI; see recent publication by M. Runge, et al. below). N.2 could be used to inform the development of predictive models and prioritize modeling efforts in N.1, while also prioritizing future research to address critical uncertainties and support decision-making (at least that was my intent if the project was funded). 
 
Runge, M. C., C. S. Rushing, J. E. Lyons and M. A. Rubenstein. 2023. A simplified method for value of information using constructed scales. Decision Analysis 20(3):220-230.


4. Contributions to the adaptive management of the resources and the experimental and management actions prioritized in the 2016 LTEMP Record of Decision (as subsequently expanded to include other methods for controlling invasive species). 
	Given that there is currently no information on ONF status and trends, but a wealth of existing data, the addition of Project N represents a remarkable opportunity to contribute to fundamental information for adaptive management and to begin to understand and evaluate experimental and management actions on the ONF resource.

Response: I agree- thanks for this comment. Millions of dollars have likely been spent on data collection for ONF over the past decades, and I hope to be able to analyze the data at some point in the future if funding is provided.

5. The likely readiness of the project to undergo a comprehensive review of its accomplishments and design after the completion of the FY 2025–2027 work cycle. 
	Overall, the project work plan is feasible and outcomes of one or more elements from this new project (depending on funding) would provide added value, by providing information on the ONF resource and contributing to the overall evaluation of resource conditions and to guide future research directions and decision support tools.

Response: Thank you for this comment.

Specific comments
Project Element N.1 comments
Many ideas for the Proposed Work are intertwined, which makes understanding which data are available and useable for each question and species difficult. For example, is this statement, “Nonetheless, the ultimate objective of Project Element N.1 is to understand and relate long-term variation in environmental … and biological … drivers to ONF demographics (recruitment, survival)” appropriate for all four emphasis areas and species, or only for bluehead and flannelmouth sucker in emphasis 2? Restructuring the Proposed Work by emphasis area would be helpful so that each emphasis is linked to its overarching scientific question from the Hypotheses and Science Questions section, types of data (e.g. capture/monitoring or mark-recapture/PIT data), and current in-house data availability.
Response: Data are housed in the GCMRC fisheries database, or in an database maintained by the NPS- Grand Canyon National Park. Analysis of recruitment and survival listed would focus on bluehead and flannelmouth sucker because they are PIT-tagged. As I mentioned above, given the lack of funding for the project, I can’t justify additional time on this unfunded proposal. 
Regarding emphasis area 1 – what is meant by “support the evaluation of trends in LTEMP metrics”? Define LTEMP metrics. In general, occupancy models commonly represent descriptions of the status of presence and absence of species. If the intent is to propose the use of dynamic occupancy models to examine occurrence trends or colonization and extinction dynamics, describe assumptions with respect to data availability and spatial and temporal representation and replication across mainstems and tributaries. If the intent is to represent current status, describe assumptions with respect to temporal relevance of presence and absence at a site – e.g., are data from 20 years ago still appropriate to answer this question? Do the authors plan to compare past and present occupancy (e.g. Budy et al. 2015 Con Bio)?
Response: Occupancy is the LTEMP metric used for fish, but the metrics report is not currently finalized and citable, so I admit it is a bit hard to follow. We have not worked out the details of the analysis, but that was the intent of this (unfunded) project.
Regarding emphasis area 2 – what kinds of environmental data are available? Are these data always collected with fish monitoring? Are they spatially continuous data products of the other projects in the GCDAMP? 
Response: Discharge, temperature, dissolved oxygen (in some cases), and turbidity data are available from tributaries and mainstem USGS gaging stations (continuously recorded). 
Regarding emphasis area 4 – what is meant by “early life stage dynamics”? Describe if the authors are referring to variability in count/abundance to estimate recruitment or something else.
Response: larval fish and young-of-year fish data collected via seining are available from ~55 stations on the Colorado River from just downstream of Bright Angel Creek (river mile 89) to just upstream of Pearce Ferry (River mile 280). 
Project Element N.2 general comments
Which areas of emphasis from N.1 can or will be used for predictive modeling in N.2 – is this only in reference to mark-recapture data for the suckers of emphasis 2? The paragraph starts with “we will use the results of demographic modeling” however, some of the management decisions appear as though they will be informed by other emphasis areas. Are the predictive models de novo models from parameter estimates in N.1? If so which parameters from N.1 will serve as inputs to N.2 (e.g. birth and death rates, survival?) Alternatively, are the predictive models extensions, or simulations of the original models (e.g. extending a demographic state-space model to additional years with simulated high experimental flow release for instance).
Response: The answer to this question depends on specific decision contexts that would be addressed under N.2. I’m not familiar with de novo models. We would develop appropriate models for N.2 for specific decision contexts that would be determined through consultation with stakeholders, managers, and Tribes. This requires considerable work that would occur while working through the PrOACT steps of a decision analysis. 
Are the VOI tools applicable to all of the model types and emphasis areas of Project N.1? Again, it would be helpful to restructure this section to create a thread for readers to understand how the proposed work is connected to specific science questions and how it subsequently connects to potential outcomes or decision tools. 
Response: To conduct a value of information analysis, decisions need to be framed, including defined objectives and performance metrics, alternative management actions, and alternative hypotheses reflecting uncertainty in how the system functions – predictive models would need to be designed specifically to predict consequences of the actions under each alternative hypothesis. I have listed a series of decision contexts that would be addressed under N.2, which came from requests from managers for information/technical support over the past few months but facilitated discussions would be required to fully develop them. Thus, it is difficult to say which models used in N.1 would be appropriate for N.2, at this stage. 
Project Element N.1 under current funding
Feasibility – Does the graduate student have data to work with already or will they need to acquire the data during the project period? Which subset of the four emphases are feasible with the current data availability (i.e. without reaching out for data requests from partners, for example for larval/early life history data)?
Response: No additional data would be necessary to complete the analysis (it is housed as explained above). There are data available for all ONF for analyses. Lacking funding much of what was initially planned is however, infeasible. 
Products/deliverables need to be described more definitively and clearly – Are presentations the only expected product for the current workplan? Will the student deliver 1-3 manuscripts within the timeframe of this work plan? Are there any expected data release products for the current workplan?
Response: Lacking funding, deliverables will be minimal and to be determined. Data releases would be completed consistent with USGS policy. 
The authors make it clear that under current limited funding the PhD student and committee would have some discretion in choosing which science question can be addressed. However, the terminology here is not consistent with proposed work description. The outcomes state the student will address “a subset of priority science questions listed above,” but the proposed work description of Element N.1 discusses emphasis areas. Do the authors intend to refer to the original list of science questions in the Hypotheses and Science Questions Section or the subset of emphasis areas of Element N.1? 

Response: The term “emphasis areas” was not meant to be used in the way the reviewer describes. I just meant that the student might emphasize x or z in their work. 

Project Element N.1 and N.2 under initial funding
Outcomes – define “LTEMP metrics” in the context of occupancy modeling
Response: As mentioned above these have been incorporated into a USGS report that is not yet citable. 

Products
In addition to reports, manuscripts, and presentations, will there be any data release products?

Response: see response above. 

Line-by-line comments
Response: I have addressed most, if not all of these line-specific comments in the next draft. 

P 317 paragraph 2: suggest revision: “Understanding long-distance movements and dispersal of newly released razorback sucker may require a system-wide approach to identify the fate of both adult and age-1 PIT-tagged fishes”
P 319 paragraph 2: Define what is meant by state-dependent decision-making. Is this in reference to the status of native fish populations or their occurrence in tributaries, both, or something else?
P 319 Science question 2: suggest revision: “high-flow experiments” to mirror LTEMP language and better distinguish this from the trout management flows or other types of flows. Suggest revision: “nonnative removals” to be clear about what the term removals is referring to.
P 319 Science question 3: this is the only question that appears to not be addressed in the proposed work and project elements. Consider omitting or integrating with questions 1 (as an example of “other extrinsic factors” perhaps) and 4 (e.g. which species are most predatory?) to avoid the confusing language about “subsets” of questions and emphasis areas.
P319 Science question 5: is the comparison meant for other populations of the same species within the broader Colorado river system or a comparison against augmentation programs in general?
Full-text references
Budy, P., Conner, M. M., Salant, N. L., & Macfarlane, W. W. (2015). An occupancy-based quantification of the highly imperiled status of desert fishes of the southwestern United States. Conservation Biology, 29(4), 1142–1152. https://doi.org/10.1111/cobi.12513
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