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[bookmark: _Toc159944543]2. Project Description 
a. Priority Item
[bookmark: _Toc159944540]Question 3: What are the impacts of scour and inundation on benthic macroinvertebrate species composition and density, and how sub-geomorphic peak flow (<4,500 cfs) frequency, magnitude, and timing affect drift forage species composition, flux, and concentration on a systemic scale?
b. Project Intention and Significance.
The intent of this proposal is to implement year-round benthic macroinvertebrate (BMI) density and species composition monitoring at multiple sites within the restoration reach of the Trinity River. The sampling design will specifically target compositional patterns in relation to time since streambed disturbance-induced catastrophic drift and successional colonization relative to inundation duration. 
[bookmark: _Toc159944544]c. Project Goals, Objectives, and Adaptive Management
This project is designed to address knowledge gaps about the fundamental goal of the TRRP to restore the function of the Trinity River. Specifically, this project will address objectives Fish 9 and Flow 4 from the 2021 Objectives and Targets Summary. Information that addresses knowledge gaps will be incorporated into environmental flow scheduling, sediment management, and rehabilitation project design through adaptive management.
Fish 9: Link the phenology of prey species and salmonid species to disturbance caused by management actions to enhance production of BMI assemblages with species of appropriate size and vulnerability
Flow 4: Provide flows that inundate ephemeral surfaces above the winter baseflow channel for variable durations to meet ecological needs
d. Methods
Task 1 (Field sampling): A total of three locations will be sampled: Sawmill, Lorenz Gulch, and Pear Tree Gulch. These locations were sampled in past benthic macroinvertebrate (BMI) studies and all have suitable marginal habitat. Benthic samples will be collected to characterize two disturbance and/or colonization mechanisms, catastrophic drift and succession in newly available habitat (hereafter referred to as Streambed Disturbance and Inundation samples). Streambed Disturbance samples will be collected twice per month mid-December to mid-June, and monthly for the remaining year (mid-June to mid-December). Streambed Disturbance samples will serve the dual purpose of quantifying the effects of both geomorphic flow events sufficiently large to cause catastrophic drift and mortality of BMI and seasonal changes (e.g., long-term undisturbed perennial benthos) on BMI assemblages and biomass. Facies maps (Alvarez et al. 2015) and bed shear stresses derived from SRH-2D (TRRP and USBR 2018) will be used to delineate polygons at each site that would experience bedload movement sufficient to alter BMI composition. Two composite samples will be collected within the streambed disturbance polygon and two will be collected outside the polygon (i.e., areas not disturbed) at each site and sample occasion. Each composite sample will be comprised of four separate collections using a Hess sampler or other similar equipment, pooled, then subsampled if necessary. This will provide samples that capture pre- and post-streambed disturbance events and adjacent undisturbed areas.
Inundation samples will be collected at each site in wetted areas above the minimum winter baseflow elevation (e.g., currently 300 cfs release from Lewiston Dam) twice per month starting with the onset of elevated baseflow releases from Lewiston Dam (approximately mid-February through mid-June), provided increases in flow result in sufficient increases in inundated area to sample effectively. Samples will be collected monthly otherwise. Inundation duration of samples will be determined at sites by recording the sampled location as well as recording the water’s edge using sub-meter GPS (EOS Arrow 100) and tablet (Apple iPad) paired with the hydraulic record from nearby USGS gaging stations (11525500,  11525854, and 11525655) and hydraulic modeling (TRRP and USBR 2018). Four composite benthic samples will be taken per site, per sampling event. The sampling design for Streambed Disturbance and Inundation samples combined exceeds the number of samples that are anticipated to be and budgeted for processing (~226 samples), though additional samples may be processed as resources allow. A subset of collected samples will be selected for processing post-hoc to maximize data collection relative to project objectives.
This study is designed to measure BMI compositional responses after bedload disturbance, catastrophic drift and colonization of newly available habitat in areas where flow releases are manipulated to replicate natural streambed disturbance and inundation mechanisms. These mechanisms are hypothesized to affect BMI community development through successional recovery and development. If synchronized and elevated baseflows are not released from Lewiston Dam in water year 2025, Hester-Dendy artificial substrate samplers will be deployed during the juvenile rearing period (January-June) to simulate newly available habitat that would be provided either by a streambed disturbance event or newly inundated marginal habitats. This will serve as a surrogate in the absence of  managed flow releases. Artificial substrate samplers (e.g., Hester-Dendy) are an established method for collecting BMI (Merritt et al. 2019) that consist of several ceramic or Masonite plates between spacers that allow algae and BMI to establish themselves on interstitial spaces between plates. Twenty-four Hester-Dendy samplers will be deployed at each site in mid-December. Every two weeks through June (24 weeks), two Hester-Dendy samplers will be randomly selected, removed, and preserved in 90% ethanol in order to quantify colonization of new substrates. This will provide surrogates for colonization of substrates by BMI on a bi-weekly basis during seven months of the prime rearing period for juvenile salmonids. A total of 72 Hester-Dendy samplers will be used for this portion of the project (24 Hester-Dendy samplers per site x 3 sites).
Task 2 (laboratory processing of field samples): After sample collection in the field, undergraduate and graduate students at Cal Poly Humboldt (CPH), will process each sample so that benthic density (e.g., biomass/m2, or equivalent) and community composition can be characterized. Samples will then be divided into portions that are representative of juvenile Chinook forage. Forage will be defined based on the dominant BMI taxa found in fish diet samples from the 2018 invertebrate study (Starkey-Owens 2020), and BMI size based on gape limits for juvenile salmonids. This will allow the proportion of the sample that constitutes prey for juvenile salmon to be evaluated for how it is affected by habitat condition (i.e., pre/post disturbance, inundation duration).
Project methods will be refined and managed by Principal Investigators in collaboration with CPH. A graduate student from CPH will work with Yurok Tribe field technicians to collect field samples. The CPH graduate student will work with additional students and faculty at CPH laboratories to sort and identify the invertebrates collected in samples. Samples will be sorted and identified to family for insects and class or family for non-insect taxa under a dissecting microscope and analyzed based on that which represents juvenile Chinook salmon forage. Biomass estimates will be made from sorted invertebrates using length-mass regressions. Body length estimates will be made for every individual invertebrate by measuring it to the nearest millimeter, excluding any antennae and cerci. The length-mass equation 𝑀=𝑎𝐿𝑏 will be used to predict biomass where an organism’s mass (M) is predicted by taking a known length (L) to the power of b and multiplying by a, which are published constants (Benke et al. 1999; Sabo et al. 2002; Wisseman 2012; Wardhaugh 2013). Individual biomass values will be summed within each sample to calculate total invertebrate biomass per sample.
Task 3: (analysis and reporting): A primary objective of this study is to quantify recolonization or colonization of benthos by macroinvertebrates in scoured areas of the perennial channel and seasonally inundated areas above a winter baseflow elevation and compare results to the adjacent perennial channel. Specifically, the relationships between time since scour or inundation and total macroinvertebrate density, juvenile Chinook forage density, and community composition will be estimated. These relationships are intended to provide the biological inputs to a food web model that will also leverage 2D hydrodynamic and flow models already available for the Trinity River. The food web model should be developed in response to Question 4 of the FY2025 Request for Proposals and will be used as an input to the S3 juvenile Chinook population model. A secondary objective is to establish methods that could be integrated into a long-term monitoring program to establish a foundational baseline for within and among year variability and seasonality of food resource availability.
Task 4: (project management): The project will be managed primarily by CPH in collaboration with the PI. Duties will include project and budget tracking, recruitment and hiring of a graduate student and laboratory technicians, mentorship, field and lab training and oversight, coordination among project partners and communication with TRRP.
e. Product Timeline
[image: ]
3. Budget
The total requested budget for this proposal is $316,991, with an additional $69,001 offered as in-kind contributions and/or costs already incurred by TRRP through established funding agreements or grants. The project is intended to span 2.5 years with the full amount requested in FFY2025. Additional details are provided in the attached budget spreadsheet “TRRP_FY25_BMIscourinund_20240411.xlsx”.
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