FY 2005-27 Triennial Work Plan Review
Executive Summary Project I: Nonnative Aquatic Species Monitoring and Research
The establishment and expansion of nonnative aquatic species is of great concern in maintaining and promoting native species within the Colorado River ecosystem. Specifically, Smallmouth Bass and other piscivorous species may negatively influence persistence of threatened and endangered fishes. Given the current and potential changes in water temperature from reduced reservoir storage capacity in the system, the threat of continued expansion exists, and direct management actions may be needed. Targeted monitoring programs can enable early detection of invasive species and document important events along the invasion process such as establishment of breeding populations and increases in population abundance.  Project I is largely focused on the development of novel detection methods for invasive species and establishing procedures for initiating close-kin mark recapture techniques initially for use on Smallmouth Bass. Efforts to refine understanding of diets and metabolic rates are also suggested and will directly feed components of ecosystem metabolic models within other projects. Given that the Smallmouth Bass population is in the initial establishment phase of its invasion, I would expect more effort in early eradication efforts if feasible. During electrofishing surveys for the other monitoring efforts, is there a plan to remove all Smallmouth Bass? Can such efforts be effective at current population levels? Seems paramount to remove fish as has been done with Salmonid populations in the past. Huge effort, and I understand “going blind” is not an effective strategy. Currently, it is not clear how management actions including removal will be directly informed by some of the work (i.e., Humpback Chub parasites and antenna data). 
Response: Thank you for your thoughtful summary of the work proposed in Project I. During electrofishing surveys conducted by NPS, AZGFD, USFWS, and USGS, all smallmouth bass will be removed per river permits issued by state and federal agencies. 
Removal efforts in the Glen Canyon Dam to Badger Creek Rapid reach are occurring frequently in 2024, with trips spaced every 2-3 weeks from May-November. 
The work described in Project I is not solely dedicated to determining the effectiveness of removals and other management actions for controlling smallmouth bass. We monitor humpback chub parasites to meet compliance requirements in the 2016 Biological Opinion for the Operation of Glen Canyon Dam. The proposed antenna work is tacked onto an existing project to detect nonnative and native fishes to increase our understanding of movement vs. mortality and inform research questions in Project G – it is included here because Project I.1 supports the logistics for that additional data stream.
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.
Evidence of reproduction of Smallmouth Bass is a critical concern that, understandably, has been elevated since the 2016 LTEMP Record of Decision. The close-kin work seems appropriate especially given estimates from mark-recapture or some other sampling scheme may be limited given the number of Smallmouth Bass likely to be captured (assuming low but could be incorrect in that assumption). Occupancy models are certainly appropriate given the stage in invasion although meeting the assumptions of the models seems problematic if certain closure assumptions cannot be made and only a single trip is used during a season (assuming some form of space for time model will be developed). The use of eDNA to assess entrainment is difficult to understand given so much mixing of water and prevalence of nonnatives upstream.  
Response: Thank you for your comment. We have collected water from the draft tubes in the penstocks to determine whether the DNA of fish is simply being flushed into the downstream environment from Lake Powell. In 2021, we did not detect the DNA of smallmouth bass or walleye, even though the lake holds a large population of smallmouth bass. We will continue to test water to confirm, but due to eDNA degradation rates and dispersal we believe we can use this as a tool to test biologically active fishes that reside in Lake Powell and those that are inhabiting the water downstream from the dam.
The feasibility of accomplishing the stated three-year goals and elements of each project
Further informing parameter estimates and monitoring potential expansion areas of Smallmouth Bass seems feasible when incorporating data from the various sampling trips. Garnering enough data for in situ growth models under varying flow conditions seems difficult given the uncertainty in river flow conditions (laboratory experiments may provide enough evidence). 
Response: Thank you for your comment. We intend to control for some of the variables that may affect smallmouth bass growth rates by controlling water temperature, turbidity, and diet/energy consumption in the laboratory. We do not have the ability to simulate flow conditions in our current laboratory setup, but we can assess growth rates using modal progression analysis for field-captured specimens.
The relative priorities and funding levels proposed for the different project elements included under each project and opportunities to improve cost effectiveness of each project given the need to reduce expenditures.
A priority seems to be further development of the Smallmouth Bass population model and that seems reasonable. I am a bit suspect of the eDNA approaches but I am also not an expert in that area. If eDNA sampling strategies can be dialed in with limited false positives, there is a large upside to the approach. 
Response: Thank you for your comment. We are using species-specific primers and quantitative PCR to identify water samples with positive detections. We use pre-made sampling kits in the field and follow SOPs intended to reduce contamination and the presence of false positives. We also introduce field blanks into our sample workflow process to periodically test for false positives and have also introduced known positive samples into the laboratory workflow process to test for false negatives. The laboratory also checks for sample inhibition and removes inhibitors if detected.
Contributions to the adaptive management of the resources and the experimental and management actions prioritized in the 2016 LTEMP Record of Decision 
The results will directly contribute to adaptive management decisions regarding the influence of nonnative species and their potential impact on the system. The testing of high-flow experiment on ability to reduce/restrict abundance of Smallmouth Bass seems to be a target goal of the projects but a complete understanding of how that process will work is vague at the moment. 
Response: Thank you for your comment. The partial goal of the work described in Project I is to test the efficacy of flows to disadvantage smallmouth bass through cooling the water using a mix of bypass and penstock water. Draft 2 of the TWP was vague on details because a flow had not yet occurred; since that time, a monitoring plan for understanding the efficacy of smallmouth bass flows has been drafted and we have revised the final TWP draft to incorporate concepts from this plan.
The likely readiness of the project to undergo a comprehensive review of its accomplishments and design after completion of the FY 2025-2027 work cycle.
The proposed projects all seem at reasonable stages of readiness to be implemented and ready for review at the end of the work cycle. 
Response: Thank you for your comment.

Detail Review Body
Project I: Nonnative Aquatic Species Monitoring and Research
Project Element I.1: System-wide native fish and nonnative aquatic species monitoring
The native fish assemblage references seem thrown in this section. The reference in the questions is pretty specific to Humpback Chub. As such, it seems clearer to delete that information from here and maintain it in Project G (where it also currently resides). It is also unclear what thresholds will be used to trigger action with nonnative species. During monitoring efforts, will all nonnative species be removed? 
Response: Thank you for your comment. The references to native fish and humpback chub in this section stem from the type of data collected in this project element. This element is not just focused on nonnative fishes but on tracking distributional shifts of and changes in relative abundance for both native and nonnative fishes system-wide. 
During field sampling, high-risk nonnative fish are removed and put to beneficial use per NPS permit requirements. Other nonnative fish, such as channel catfish, may be tagged and released to increase our understanding of growth and population dynamics.

Project Element I.2: Estimating kinship and spawner abundance of warm-water nonnatives
The kinship method is an increasingly used tool and expansion on the mark-recapture toolkit. There is mention that the kinship data will be used to assess experimental flows that may disadvantage nonnatives. Will such efforts be confounded with large-scale removal efforts? There is mention of pilot work in research question I.2.1 where side-scan sonar is used, and artificial nests are used to attract Smallmouth Bass. Is that pilot work going to expanded in this work period? The use of kinship analysis in determining hotspots for nests may be hindered by the biology of the species. Are life stages and age classes grouped during such analyses? It seems like dispersal would limit the ability to nail down nest locations that were preferred or somehow better than others.  
Response: Thank you for your comment. We do not believe our efforts to assess kinship will be confounded with large-scale removal efforts because the intent of the data is to understand hotspots, potential nest location, relatedness between individuals captured across both space and time. By removing these fish, we’re not taking away from our ability to understand these relationships among fishes captured in Lake Powell and in the downstream river.
Pilot work on side scan sonar and building artificial nest substrate is funded in FY24 only. If successful, we will continue to work with state and federal agencies on these projects, but agencies in charge of nonnative fish management will take a greater role in implementation (e.g., removing SMB from nest substrate or nests identified using side scan sonar). The intent of the work is to build tools that can then be used by management agencies to remove reproducing adult smallmouth bass.
Using 2022 data, we have been able to use kinship analysis to detect hotspots of full siblings near RM -14.74, indicating that the original nest is nearby. We have also detected full siblings spaced 10 miles apart, also indicating the potential for dispersal of this species. If captured early, we believe groupings of full sibling pairs will provide enough information to focus on specific areas of the Lees Ferry reach that provide more favorable spawning substrate for adults, or conversely, resolve the extent to which juveniles downstream are being entrained from Lake Powell.

Project Element I.3: Identifying emerging threats to the Colorado River Ecosystem using Environmental DNA
Environmental DNA (eDNA) is certainly an exciting and potentially useful tool for monitoring newly established populations of invasive species. Contamination issues and resulting false positives can be an issue that is not addressed in the work plan. How will positives be validated and how will contamination issues be reduced? If large populations of fish exist in the reservoir, why wouldn’t it be expected that some of that DNA would be flushed into the river (without the fish)?  Further, the use of eDNA at different water levels to see when fish may be susceptible to entrainment seems problematic. Will eDNA not move between the different water densities? Seems like a scale could drift down from above. What does the eDNA provide that the traditional approaches (hydroacoustic) do not? 
Response: Thank you for your comment. We do not anticipate contamination being a large issue with this method because we follow SOPs in the field for collection of the sample itself and the laboratory follows strict SOPs during sample processing. In the field, this includes using individually bagged (clean) eDNA sample kits that are not shared among sample replicates, ensuring the sample cup is always placed upstream from the tubing in the current, and introducing blanks and known positives into the laboratory work flow process to test for false positives and false negatives, respectively. The laboratory also tests for and removes inhibitors, which can interfere with positive detections of target species.
We have tested the draft tube water that comes through the penstocks and it has been negative across replicates for smallmouth bass and walleye (2021). Environmental DNA does not persist in the environment for a long period of time and degrades due to physical and biological parameters such as UV light, microbial action, and high water temperatures. It is for this reason that we believe, as other studies in lakes and reservoirs have shown, that fish inhabiting different depths of the reservoir will be distinguishable based on the eDNA captured at the surface, within highly photosynthetically active zones, and at lower depths of the water column. While hydroacoustics can provide information on fish presence and size structure (down to ~60mm length), an added eDNA sampling approach can provide additional benefit by identifying what species are there without having to use gill or trawl nets.
Asian tapeworm has been documented for quite some time in the Humpback Chub population. Continued assessment is needed given the changing environmental conditions. The link between the development of molecular assay development and how it will inform management actions is not clear. If the proportion of captured chub with parasites is increasing, doesn’t that tell the same information as the eDNA results would potentially show? 
Response: Thank you for your comment. The idea behind using a molecular assay to identify parasite presence and prevalence in humpback chub is that it could tell the same information as a 48-hour praziquantel bath, but with much less holding time and stress to the fish themselves. In addition, collection of fish fecal matter during routine fish sampling would allow us to assess parasites across all river miles sampled in Grand Canyon and in the Little Colorado River, and not just at locations where river trips planned to stop for more than 2 days to sample. This would also be an ideal method to use citizen scientists for data collection, which would increase data points collected both spatially and temporally.
Project Element I.4: Modeling population dynamics and improving forecasting tools for Smallmouth Bass and other nonnative fishes.
Understanding constraints in reproduction, growth, and survival of Smallmouth Bass under varying river conditions will be essential components of the model development. Some of this information may be documented in the work plan but several years of monitoring data will likely be needed to refine parameter estimates (although the current model is showing promise in predicting catch below the dam). 
Response: Thank you for your comment. We agree with your assessment that several years of monitoring data will be needed to refine parameter estimates. We look forward to working with other agency staff to analyze data and continue to refine the smallmouth bass model, as appropriate.
