FY 2005-27 Triennial Work Plan Review
Executive Summary Project G: Humpback Chub population dynamics throughout the Colorado River ecosystem
The central focus of Project G is to estimate the effects of management interventions and natural variation on Humpback Chub growth, survival, and juvenile production as well as the abundance and distribution of Humpback Chub in line with established biological opinions and work plans.  The project elements identified all seem to meet these needs and will continue to provide much needed long-term continuity in monitoring efforts (particularly within the LCR). The additional monitoring efforts in JCM-West reach as well as adult monitoring in this reach seems very important to understand the expansion of the species within the Colorado River and potential for mainstem spawning in that reach. The project elements listed may be instrumental in documenting changes in population dynamics and state variables under seemingly persistent change to the Colorado River ecosystem including warmer water temperature and establishment and expansion of nonnative fishes (particularly predatory Smallmouth Bass). Information regarding changes in growth, survival, production, abundance and distribution of Humpback Chub under ecosystem changes may provide needed information to adaptively manage the system to promote species persistence.
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.
The scientific questions and hypotheses of the proposed project elements in Project G are clear and of sound scientific quality. The projects will enable assessment of Humpback Chub population status under changing ecosystem conditions both from management intervention and non-management created variation in the environment. 
Author comments: Great!
The feasibility of accomplishing the stated three-year goals and elements of each project.
The proposed project elements in Project G are predominantly consistent with long-term monitoring programs with established protocols and experienced personnel. Barring non-predictable impediments, accomplishment of the stated projects seems feasible.
Author comments: Great!
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.
Several project elements were proposed as unfunded entirely or among different years. Maintaining the long-term data continuity at the LCR population seems critical given the emerging changes and threats in the system. The expansion of Humpback Chub in the western river reaches provides an opportunity for learning that should not be overlooked. Understanding recruitment sources, dispersal, abundance, survival, growth, and threats to individuals in the western river reaches may be critical in understanding the overall population and its long-term persistence. I agree with the importance of further understanding the Chute Falls translocation efforts and the persistence of Humpback Chub in upper LCR. Nevertheless, it seems pertinent to grasp a greater understanding of an expanding population (or a subset of the total population depending on connectivity) in the western reaches of the river.
Author comments: This makes sense, note however that both the Chute Falls translocations (G.7) and fixed-site monitoring in western Grand Canyon (G.6) are unfunded by the GCDAMP (though it is possible G.7 was funded on the BoR side of the budget).
Contributions to the adaptive management of the resources and the experimental and management actions prioritized in the 2016 LTEMP Record of Decision.
Enhancing the predictive capabilities of population dynamic models through long-term monitoring of the population and the response of the population to disturbance and nonnative species expansions will directly inform the adaptive management of Humpback Chub and the greater Colorado River ecosystem. 
Author comments: Great – glad we were able to convey that.
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 continuation of long-term monitoring and population modeling efforts will likely be ready for comprehensive review following completion of the work cycle. Environmental conditions and the variability within those conditions over the next three years will largely dictate the specific questions completed. Nevertheless, the addition of these data to the long-term datasets will still provide assessments of trends in population status of Humpback Chub.
Detail Review Body
Project G: Humpback Chub Population Dynamics Throughout the Colorado River Ecosystem
Project Element G.1: Humpback Chub population monitoring
Project element G.1 is a continuation of refining population models using long-term monitoring data from the Humpback Chub aggregation data. Seems models are most informed from LCR population, but critical insight could be gained from additional monitoring of the east and west river reaches (particularly dispersal to and from and the potential for reproduction contributing to total population size). 
Author comments: While I agree fully with the science advisor, this choice lies with the GCDAMP stakeholders. 
Project Element G.2: Annual Spring/Fall abundance estimates of Humpback Chub in the lower 13.6 km of the LCR.
Important information feeds directly into project element G1. Seems eliminating the September trip would decrease precision of estimates. Given changes to the system, having the best available estimates with the least amount of variation would help document potential shifts at earlier stages. 
Author comments: Yes- it does decrease the precision of abundance estimates, but out of all the monitoring that occurs in or near the LCR, this monitoring effort is typically less informative than other efforts because the LCR if often flooding in September (but not always- difficult to predict) and catch of fishes in hoop nets is low under these conditions.
Project Element G.3: Juvenile chub monitoring (JCM) near the LCR confluence
As mentioned in the project element description these data are critical to meeting many of the objectives and questions outlined in the adaptive management plan. Continuation seems critical. 
Author comments:Yes, we have mostly kept monitoring of the LCR aggregation intact, though we are discussing some additional cuts to this.
Project Element G.4: Remote PIT tag array monitoring in the LCR
The additional data provided by detections outside standard sampling protocols can greatly decrease variation in parameter estimates and allow for more complex models and insights regarding population demographics at the river-wide scale. The citizen science aspect would be well received I suspect. I am curious why additional antennas (stationary) are not used throughout the system. If the Remote PIT tag arrays can be deployed and checked as agency crews or commercial outfits traverse the river, can longer deployment periods gain better insight? Perhaps a combination of fixed sites and boat mounted antennas could increase detections? Maintaining the shore-based antennas in the LCR and expanding them up the drainage potentially may provide insight into project element G.7 and G.8 with reduced costs of manually sampling.
Author comments: Just to clarify, the citizen science component falls under G.9. 
I have been told that boat-mounted antennas are not feasible in the Colorado River due to rapids. There have been some stationary antennas deployed in the mainstem by USFWS. While I would personally love to add more stationary antennas, these systems require regular maintenance and can be difficult to model because they only detect fish in one localized area. If there were strategic areas folks were particularly interested in (e.g., potential spawning area), stationary antennas may work but the additional maintenance and labor costs aren’t really feasible under this workplan due to budget shortages. I believe having mobile antennas that are moved around by citizen scientists may be more insightful and better from a population modeling perspective.

Project Element G.5: Monitoring Humpback Chub aggregation relative abundance and distribution 
The aggregation monitoring seems to be an increasing need to track potential changes in the greater population status throughout the river (especially given the system-wide changes in temperature and nonnative species establishment). The ability to sample these sites more than on a single occasion seems critical to estimate reliable detection probabilities. The additional boat trip to sample backwaters would need to be consistent moving forward to document any trends and capture the variability in conditions (backwater extent) among years. A single trip does not seem likely to provide great inference but could if sustained through time. 
Author comments: Yes, the thought is that this trip is sustained through time. This trip occurred even in years where humpback chub were very rare outside the LCR area (e.g., 1990s), so there is a useful baseline. I agree more frequent monitoring would be useful but is unlikely to get approved due to limited funding. It is difficult to quantify population dynamics using seining data – accordingly the additional seining boat mostly provides qualitative data about fish assemblages and is dual-purpose (monitor for non-natives and juvenile native fishes in backwaters). 
Project Element G.6: Juvenile Humpback Chub monitoring – West
I see the establishment and spread of Humpback Chub in the west portions of the river as a great opportunity to learn about potential recruitment in the area and its contribution to the greater population. The lack of funding for this project element may hinder future modeling efforts including multi-state models solely using the LCR and JCM-east data. 
Author comments: I agree, but to clarify we don’t really see movement between JCM-east/LCR and JCM-west, so those are separate models. It would be interesting to have spatial replication in models to look at the effects of environmental covariates (e.g., non-native abundances, water tempeartures, turbidity, etc.).
Project Element G.7: Chute Falls translocations
Continual monitoring of the translocated population at Chute Falls adds to a long-term assessment of translocation as a viable management action. Given this project seems to be largely successful, I am curious if annual efforts are still needed and instead focus on mainstem populations (west) may provide greater insight? Maintaining broodstock and documenting successful spawning is, nevertheless, important in and of itself. 
Author comments: The Chute Falls translocation is a conservation action and the monitoring assesses the success of that action. Note that this element is not funded by GCDAMP on GCMRC-side of the budget.
Project Element G.8: Sampling of springs in the upper LCR
The information gleaned from project element G.8 is intriguing. Given the dynamic nature of the reach of the LCR, I would think more effort in the core locations or expansion to the west mainstem aggregation would provide more benefit to the adaptive management program. 
Author comments: That is a fair point, it’s unfunded anyway on the GCMRC-side.
Project Element G.9: Movement in western Grand Canyon from system-wide antenna monitoring
See comment for project element G.4. Getting more detection data from outside the main aggregation areas can greatly expand modeling and prediction defined in project element G.1. 
Author comments: I agree, the hope is we can do this relatively inexpensively and involve the public and AGFD to help. 






















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). 
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.  
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). 
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. 
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. 
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. 

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? 
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.  
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? 

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? 
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). 
