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a. Abstract

There is a high priority need to develop supplementation strategy based on the carrying capacity of stream habitat.  Effective artificial propagation and supplementation of salmon and steelhead in the Columbia River Basin through hatchery programs must give careful attention to provide hatchery environments conducive to the species needs upon release to the natural environment and to assure that the biological template of these species is being met in their native habitat.  Extensive monitoring plans have been developed by the Nez Perce for assessment of the hatchery supplementation program.  As part of that research and assessment plan, there is a high priority need in supplementation to develop appropriate criteria to help govern distribution and density of supplemental stock released in streams for integration in natural systems. Assessment of habitat suitability has generally been based on IFIM related techniques that do not equate directly with rearing requirements of young salmonids or relate to the changing habitat dynamics of growing juveniles.  We propose in collaboration with the Nez Perce hatchery program the development of a hydraulic model based on fish size specific criteria and turbulence to assess carrying capacity as a mechanism to more effectively address supplementation strategy of anadromous salmonid populations in the Lower Snake Province.  Development of the carrying capacity model will be (1) based on performance criteria of young salmonids in engineered environments developed at the Potlatch  experimental channel site in Lewiston for this purpose, and (2) confirmed by monitoring target streams surveyed by Nez Perce biologists in their hatchery monitoring assessment program. We argue that if hatchery supplementation is going to assist in recovery and reestablishment of natural producing populations, such supplemental additions must be based on the environments ability to integrate these fish in those systems, and there is a priority to have such a mechanism to form the basis of seeding strategy. 

b. Justification as high priority

1. The species at risk in this study proposal is spring chinook salmon.  The nature of the imminent risk to this species is related to many factors such as downstream and upstream passage, mixed stock fisheries, and habitat.  Freshwater habitat in Idaho is generally considered to be abundant, however this has not reversed the decline in abundance of spring chinook.  Spring chinook with their typical life history trait of long freshwater residence are limited by the amount of freshwater habitat available.  The Northwest Power Planning Council (1986) has set target carrying capacities for spring chinook for Idaho sub basins.  This targets range from 10-smolts/100 m2 for poor quality habitat to 90-smolts/100 m2 for excellent quality habitat.  For wild stocks, seeding rates are often 10% or less of this target in Idaho (e.g. Hall-Griswold et al. 1995).

The Nez Perce are actively pursuing hatchery supplementation for spring chinook, steelhead and coho salmon.  Hatchery fish are often larger and more aggressive than wild fish and released into a stream may a competitive advantage.  However, hatchery fish survival rates tend to be lower than wild fish.  Supplementation, therefore, may reduce the survival of hatchery fish and wild fish if densities of fish are excessive.  Recent evaluation of hatchery juvenile chinook salmon planted in Idaho (Perry and Bjornn 2000) show that densities were near the NPPC guideline of 90-smolts/100 m2.  At this supplementation level, interaction with wild fish, should they be present, would have likely resulted in density dependent behavior such as loss of territory and emigration.

Guidelines for carrying capacity in Idaho are general, and only account for habitat in a qualitative way.  Density of juvenile salmonids, however, varies with habitat type (pool, run, riffle) and season (e.g. Nickelson et al. 1992).  If supplementation strategies for spring chinook are to be effective it will be necessary to better quantify the relationship between habitat and density so that realistic estimates of carrying capacity can be used to guide juvenile salmonid out planting levels, and thus maximize contributions of supplementation programs.

2. Permitting

Permits for the modification and operation of the Potlatch channels have been procured.  Agencies that have issued permits include the EPA (NPDES waiver), USACE , Idaho Department of Lands (Shoreline Use permit), and Idaho Department of Water Resources (water use permit).  The Potlatch Corporation has granted permission to use their test channels for the proposed project. Other permits necessary, such as those for transporting fish, will be procured before the anticipated start date of November 2001.

c. Rationale and relationship to criteria for high priority projects adopted in the 2000 Fish and Wildlife Program

A high priority exists for the develop of supplementation strategy based on the carrying capacity of stream habitat.  It is important that if artificial propagation and supplementation of salmon and steelhead in the Columbia River Basin are going to be effective, careful attention must be given to provide hatchery environments conducive to the species needs upon release to the natural environment and to assure that the biological template of these species is being met in their native habitat.  The Nez Perce salmon and steelhead production program has integrated the “Natures Concept” in the design of the Nez Perce hatchery to provide more natural-like rearing experiences meant to improve the transition survival of hatchery juvenile salmonids entering natural stream systems.  Similarly, recovery of naturally producing populations of these species to self sustaining levels will also require an understanding of natural habitat requirements of salmon  and steelhead, and the carrying capacity of stream systems to most effectively establish realistic production goals.  Too often hatchery production and supplementation programs have not given adequate attention to the carrying capacity of the habitat that is available to support increased production.  In some cases sustained carrying capacity may have been exceeded to such an extent that survival potential of fish released for enhancement purposes would have been severely limited.   Even wild conspecifics in streams being supplemented can be negatively influences when releases of pre-smolts exceed the carrying capacity of those systems. This project is needed to assist in the supplementation effort of the Nez Perce Tribe to minimize any potential negative interaction with existing wild stocks,and thus maximize the benefits of hatchery supplementation. 

Carrying capacity is based on the (1) spatial and (2) nutrient parameters available to the fish.  The carrying capacity model will be developed using engineered streams constructed for the purpose of measuring and classifying habitat in terms of these variables.  In collaboration with the Nez Perce, the study will be conducted over a three year period.  Year one and two will be involved with engineered stream development and testing of model parameters using juvenile chinook from the Nez Perce Tribal Hatchery (NPTH) program, and will be based on studies that alter variables around the limiting habitat parameters.  The experimental work will be conducted at the Potlatch site in Lewiston, using refurbished research stream channels available for these studies.  The constructed channels will be developed with habitat options and flow control systems to provide the environmental variability  to determine the controlling criteria on residence behavior of young chinook.   During year two and finishing in year three, habitat assessment and monitoring of two target streams (Lolo Creek and Papoose Creek) will be conducted to confirm the model or define the limitations for model application.

This project will result in the creation of new standard for determination of carrying capacity of juvenile chinook salmon used in the Nez Perce supplementation program.  Nez Perce and University of Idaho scientist will monitor densities of fish using streams targeted as monitoring sites for the study.  This will result in the quantification of juvenile chinook salmon density that will allow comparison to other stream reaches, and the NPPC (1986) carrying capacity guidelines.  The use of these monitoring sites will allow the out planting of hatchery breed chinook salmon into habitat that will lead to behaviors typical of wild fish populations, and potentially lead to a higher quality fish being produced from the hatchery. We anticipate that the study and resulting model will reduce density dependent behaviors that may lead to lower overall survival of wild stocks supplemented with hatchery fish.  

This proposal directly fulfills three of the criteria for high priority projects and partially fulfills the remainder excluding the 303d water quality limited criteria.  Cost sharing is also evident in this proposal by the Potlatch Corporation since they have agreed to assist in the project construction and to pay the electricity bill for the pumps used at the Potlatch study channel site.  This proposal is also collaborative.  The Nez Perce tribe, Columbia River Inter Tribal Fisheries Commission, Washington State University, and the University of Idaho are all contributing to this proposal.  Research has been requested by the Northwest Power Planning Council regarding operation of the Nez Perce hatchery that is now under construction.  This proposal will assist in addressing some of the councils concerns.  This proposal also has the enthusiastic support of the Nez Perce fisheries organization, and the CRITFC.  The Nez Perce hatchery is a program directed  at rebuilding the anadromous fish populations of the Mountain Snake area.  The carrying capacity model will help guide this effort by the Nez Perce.  Finally, this project will collect data on the density of juvenile chinook salmon using constructed and natural habitat so that the overall success of supplementation programs can be addressed on a watershed scale.

d. Relationships to other projects 
The Nez Perce Tribal Hatchery (NPTH) is the largest project (BPA number 8335000) in the Lower Snake Province. The NPTH is closely allied with several other Nez Perce fisheries projects including Lolo Creek Eldorado falls, Squaw and Papoose Creek watershed improvement projects (BPA project numbers 9607702, 9607704, and 9607705).  Other supplementation studies include: 1) Johnson Creek Artificial Propagation Enhancement 9604300; 2) Northeast Oregon Hatchery 8805301; and 3) Pittsburgh Landing, Captain Jon Rapids, and Big Canyon Acclimation Facilities 9801005.    

This proposal is also related to BPA project number 98BI08319, Population Structure of Columbia River Chinook Salmon and Steelhead Trout Population Structure and Application to Existing Populations (Brannon et al. 2000).  This project has demonstrated the critical nature of population structure for these species.  The Review of Salmonid Artificial Production in the Columbia River Basin (Brannon et al. 1999) by the scientific review team of the ISAB recommended changing hatchery production and release strategies to mimic genetic and physical parameters of wild stocks, and the development of engineered habitat as a new approach in artificial production.  The NPTH is consistent with these recommendations, and this proposal will result in better application of hatchery supplementation techniques in the Clearwater sub-basin.

This proposal also has critical linkages to the CRITFC fisheries management and hatchery development programs.  The tribal and agency hatchery program is directed at the reintroduction and supplementation of salmon and steelhead runs in the Snake River Basin.  Most notable is the Natures project put forward by NMFS.  The concept of density control in supplementation complements the Nature program by providing guidelines on environmental capacity where hatchery fish are released, and thus to maximize the benefit of the Natures rearing concept.  This proposal, therefore, is complementary to the work that has occurred and is occurring regarding the operation of the NPTH.  As the hatchery comes on-line, the need to have better information to guide the out planting of juveniles into regional streams will become basic in hatchery programming. 

e. Proposal objectives, tasks and methods
Objectives 

The goal is to develop a mechanism that will provide assessments of stream carrying capacity on which to base hatchery supplementation strategies for natural reproducing populations.  The Nez Perce Tribe has published a comprehensive research strategy for monitoring the effects of supplementation (Hesse and Cramer 2000).  This plan calls for ten years of monitoring of juvenile density and habitat with the development of multivariate habitat models intended to explain salmonid density variation with habitat type. 

Multiple regression models have been used to great extent to assess lotic salmonid habitat (Clarkson and Wilson 1995).  These models relate habitat features such as channel width, benthic organism density, and cover to fish number or biomass per unit length, width, or volume of stream.   Relatively high predictive power (R2 > 0.75) is attainable, however this is often based on small sample sizes or reaches of one particular stream.  In addition, the statistical models are only applicable to the stream or region that they were developed in (Fausch et al. 1988; Nelson et al. 1992).  Because of field limitations monitoring of juvenile salmonid densities is typically limited to periods spring, summer and fall with most work occurring in late summer correlations are also limited due to season.  

This proposal outlines steps that will result in a different type of habitat model based on turbulence and applicable across seasons.  This will allow determination of carrying capacity limitations associated with summer or winter.  Clearly estimates of carrying capacity are needed to manage a supplementation program such as the NPTH.  The concept is that production of natural, well-adapted populations can be much improved by not exceeding the carrying capacity when releasing pre-smolt hatchery supplemental stock.  Objectives that address this project include:

Objective 1 -  Develop engineered test streams for carrying capacity assessment.

Objective 2 – Determine habitat carrying capacity using turbulence indices

Objective 3 – Determine the impact of nutrient levels on carrying capacity indices.

Objective 4 – Assess changes in carrying capacity related to seasonal changes.

Objective 5 - Assess model performance in target monitoring streams.


Tasks and Methods

Objective 1 - Develop engineered test streams for carrying capacity assessment.


Task 1a.   In our assessment of what constitutes habitat for resident salmonid fingerlings, evidence from comparisons of data on fish distribution and the velocity related to the immediate site occupied by the fish have demonstrated a high correlation (>.90) with turbulence.   The size of fish in a site was also related to turbulence.  We submit that turbulence criteria offer a mechanism where habitat can be quantified.   Qualitatively, a simple channel with minimal roughness elements (cover) will generate less turbulence than a structural complex channel with equivalent discharge.  Accordingly, high quality habitat is often described in terms of channel complexity.  Little channel complexity is usually correlated with poor quality habitat.  A model that takes advantages of the correlation between channel complexity and hydraulics will be useful in defining carrying capacity because it may correlate with juvenile salmonid density.  With such a model, the carrying capacity of a given reach can be determined, and estimates of the number of fish that can be accommodated in a stream can predicted.  Understandably occupation of the habitat will depend on the spatial relationships of conspecifics and whether sufficient food is available.  The approach will be to develop multiple engineered test streams for assessment of a turbulence model that integrates site dynamics in turbulence units. Therefore, we will develop the model that defines habitat in turbulence units as a criterion to predict the habitat available in a test stream, as the first part of the experimental phase of the study. 

The study will use the Potlatch Corporation artificial stream test area located at the east end of the Potlatch site at Lewiston, and at a laboratory test flume located at the University of Idaho. At Potlatch, there are four channels each approximately 350 feet in length supplied by two 150 horsepower pumps.  This is a somewhat unique facility in that it provides the capability for statistical replication at a large scale under controlled conditions.  The Corporation will provide use of their test area and provide pumped water for testing purposes (letter available).  EPA has determined that an effluent discharge permit is not required to operate the test facility (letter available).  This task will require two months to prepare the study streams and approximately 4 months to assess habitat availability based on turbulence indices. 

The University of Idaho test flume will be constructed from aluminum.  It will be have an adjustable slope. Overall usable length will be 40 feet with a width of 5 feet.  Flume discharge will be adjustable from less than 1 cfs to approximately 5 cfs.  This flume will not only allow habitat complexity and juvenile salmonid density correlation to be explored, but will offer the ability to alter channel slope.  This capability will allow the results to be applied to a large range of stream channel types found in Idaho. 

 Turbulence measurements will be taken using a field version of the precise three-dimensional acoustic Doppler velocimeter (ADV; SonTek, Inc., San Diego CA) (Kraus et al. 1994).  The ADV uses acoustic sensing techniques to measure the three velocity components of the velocity vector at an output rate of up to 25 Hz in a remote sampling volume (~0.25 cm3).  Since the ADV measures a remote volume of water there is minimal interference from the probe on fluid flow.  For field applications, the ADV will be mounted on a tri-pod that minimizes flow-induced vibrations, and will be interfaced with a notebook computer.

Objective 2 – Determine habitat carrying capacity using turbulence indices.

The habitat of salmonids is an expansive topic that covers elements of water quality, water quantity, energy sources, biotic interaction, and channel structure (Stalnaker 1979, Karr 1986).  There is a large degree of relatedness between the individual components, however the quantity and quality of physical habitat available is a major influence on the number and diversity of aquatic organisms present (Aadland 1993).  This is because the physical structure of a stream channel influences the distribution, interruption, and feeding of aquatic organisms, and is, in turn, influenced by the hydrological regime of its watershed.  Complex physical habitats provide a relatively greater amount of locations where the requirements for food and shelter can be met when compared to less complex habitats.  Channel structure is important because it provides the basis for a high quality aquatic habitat.  Even if other habitat factors such as water quality or quantity are not limiting, poor channel structure will limit the number and diversity of organisms present.  While physical habitat alone may not be an adequate descriptor of habitat quality it should form the basis of any habitat assessment activity.  The link between channel structure and biological communities is well established (NRC 1992; Fausch et al. 1988; Orth and White 1993;).  Because of this, physical habitat is the focus of this research project.

Physical habitat influences the distribution and abundance of juvenile salmonids (Hughes 1992) through its influence on hydraulics.  Water velocity is the single most important variable in lotic systems (Allan 1996).  The number of suitable holding positions in a channel is governed primarily by hydraulics.  Access to food and territory are influenced by the hydraulic conditions in the channel.  Juvenile salmonid abundance, even in low productivity situations, is usually limited by the number of profitable positions in a stream (White 1986).  Even if drift is available, the risk of predation or territoriality of conspecifiecs forces emigration from the area.  As a result, in a given reach of stream there are a limited number of positions that can be occupied.  Fish that cannot obtain and hold a feeding position usually emigrate downstream.  The number of holding sites is tied to the number of shear zones, which in turn reflect the structural complexity of the channel.

The ecological literature is replete with examples how habitat complexity influences species numbers and density (Dean and Connell 1987; Bell et al. 1991).  Many authors have noted the relationship between channel plan form and salmonid habitat (Platts 1979; Bisson et al. 1982; Beschta and Platts 1986; Frissell et al. 1986, Heede and Rinne 1990).  It is expected that complex physical habitats will be of a higher quality than less complex habitats.  A straight reach of river with little complexity was found to harbor fewer salmonids than a meandering complex channel (Beschta and Platts 1986).  A braided portion of a river, with high variability in depth and velocity, was also found to maintain a higher number of salmonids (Mosely 1982; Payne and Lapointe 1997).  The existence of the pool-riffle sequence in natural rivers is considered the basic habitat unit for juvenile salmonids (Mundie 1974).  Juvenile salmonids take advantage of hydraulic discontinuities created by streambed elevation change and flow obstructions (Sullivan 1986).  The riffle –pool sequence implies a mix of hydraulic conditions necessary to provide suitable rearing habitat (Platts et al. 1983).   Surprisingly, predictions about how habitat complexity changes species diversity or numbers are difficult (Downes et al. 1998).  In addition, the hierarchical structure of habitat (Frissell et al. 1986) means that habitat complexity is dependent on spatial scale (Kolasa and Pickett 1991).

Flow in streams is three-dimensional with individual fluid particles able to streamwise (U), vertically (V), or crosswise (W) (Statzner et al. 1988, Clifford et al. 1993).   The behavior of the fluid particle is due to velocity fluctuations imposed on the mean direction of motion.  The instantaneous flow velocities have a time averaged and fluctuating component for U, V, and W.  These components are represented by:

(1)
U = u + u’ 


V = v + v’


W = v + v’
with u, v, and w representing the time-averaged component, and u’ , v’, and  w’ representing the fluctuation components.  (Stephan and Wychera 1996).

The turbulent motion of a fluid particle is difficult to predict because of random three-dimensional velocity fluctuations.  The quantitative description of this behavior, therefore, relies heavily on semi-empirical theories and experimental data (Fox and McDonald 1985). 

A simple channel with no structural elements would have parallel streamlines, and low turbulence.  Such a channel would also be expected to have low juvenile salmonid densities.  As channel complexity increases, there would no longer be parallel streamlines (Nowell and Jumars 1984).  Fluid particles would begin to follow irregular paths even as the overall downstream flow direction remains.  Juvenile salmonid density would be expected to increase in response to the increase in channel complexity.  The level of turbulence will have also increased.  In this context, turbulence is an indicator of channel complexity.  Increasing turbulence from a simple to complex channel should trend with increases in salmonid density.

Turbulence is constant feature in natural channels (Heede and Rinee 1990).  Turbulence is the function of velocity in three dimensions over a specified period of time, and can be quantified using several metrics including turbulence intensity (Schlichting 1987), turbulent energy (Bhowmik et al. 1995), shear stress (Stephan and Wychera 1996), and Reynolds numbers (Vogel 1994).  Turbulent intensity is calculated as:

(2)


TU
= 
((s/U) x 100)








s = standard deviation of velocity for a specified time period




U= velocity in specified direction

Turbulent energy is calculated from the fluctuating velocities (Bhowmik et al. 1995).  It is a parameter that measures the resistance of flow from structural elements in the channel.  The higher the turbulent energy at each point, the more the velocity components differ from mean channel velocity.  Turbulent energy (k) is calculated as follows:

(3)

k = ½ (u’2 + v’2 + w’2).

Another parameter than can be calculated is the turbulent shear stress in two dimensions (u and w):

(4)

( = -( u’ w’
where ( is the density of water.  This parameter is useful in quantifying large scale turbulence (Stephan and Wychera 1996)

Turbulence has been recognized as an indicator of salmonid habitat quality.  Bisson et al. (1988) described habitat units qualitatively using the amount of surface disturbance.  Sullivan (1986) qualitatively described the amount of surface disturbance as well.  Statzner et al. (1988) used Reynolds number, and Froude numbers to evaluate salmonid densities in lotic environments.  It was found that the Reynolds number was a better predictor of salmonid density than velocity alone.   

The Reynolds number is a dimensionless ratio of inertial to viscous forces in a fluid.  It is calculated as follows (Vogel 1994):

(5)

Re = lU/v










l = characteristic length


U = water velocity


v = kinematic viscosity of water

Small Re values indicate that viscous forces dominate, large Re values indicate that inertial forces dominate (Blake 1983).  The characteristic length can water depth (Heede and Rinne 1990), or the maximum length of the solid object in a fluid (Vogel 1994).  For aquatic organisms such as fish this is can be taken as the total length.  Although it is often stated that the Re is a measure of turbulence in rivers with values below 2000 indicating laminar flow, and greater values indicating turbulent conditions (Heede and Rinne 1990), in reality the Re only relates the viscous to inertial forces which indicates turbulent conditions.   The Re is not a precise indicator of turbulence.  The utility of the Re is that for geometrically similar objects, equality of Re equates to equal flow conditions (Vogel 1994).  

For all but the smallest juvenile salmonids, inertial forces dominate.  As inertial forces increase in response to water velocity increases the degree of turbulence also rises.   However, the position chosen by a juvenile salmonid for holding occupies a small volume of the water column, and flow conditions here, because of turbulence, are likely different from the overall flow conditions that exist in the river channel itself.   

Task 2a.  The study will continue by reconfiguring the model streams and reassessing the habitat available by placement of habit features that alter (increase or decrease) turbulence within the range associated with the size of fingerlings tested.  We will assess the difference between total habitat available based on turbulence indices and the actual use of that area measured as the number of fingerlings taking up residence.  We will then test such criteria by again altering habitat features that change the turbulence units and assess whether or not changes in the actual residence levels were predicted accurately by the turbulence model.  

Three or four stream units will be prepared for statistical replication.  Construction of the stream will take the form of a natural channel with surface area and structures in the corridor in the shape of riffles, pools and glides.  Pool and glides will be engineered to provide diversity of habitat, woody debris, cover, contoured walls and floors, and velocity retreats.  Other habitat features such as cover, overhanging banks, and large (15 to 30 cm) rock will be represented in the corridors.  Gravel will characterize the riffle areas.  Channel length will be constructed in replicate, 10 m long sections with sills separating each section.  Three, 10 m, replicate units will be represented over the length of the channel.  Flow will be maintained through gate regulation at the headworks. Outlet traps will be used to monitor departures.  Fish will be released into test streams and monitored visually for distribution, and departures monitored in the outlet traps.  The difference between introductions and departures will be considered the size of the resident population.  


Task 2b.  The study will require the use of fry and fingerlings for test purposes.  Juvenile hatchery chinook salmon are selected as the initial test species.  Chinook will provide the fish model for the basic assessment on turbulence and habitat availability.  These will be provided by the Nez Perce, by previous arrangement, for test purposes.  The fish will be held in circular ponds installed at the site and used in the trials.  Feeding levels in the holding tanks will be slightly in excess of maintenance rations to minimize growth rates within the test population.  Following test trials, the fish will be removed from the stream sections and the stream electroshocked to remove any remaining fish.  All fish experiencing test trials will be returned to the circulars and made available to the Nez Perce for distribution.  

Task a and b will require several weeks of testing to establish the relationship between habitat availability  and utilization in 2001 and 2002.  Percent utilization of habitat available based on turbulence indices will be considered the carrying capacity of the steam for a given size of fish.

Objective 3 – Determine the impact of nutrient supplementation on resident biomass. 


Task 3a.  Carrying capacity in a given habitat is ultimately related to the nutrient base as well as space available.  We will examine the effect of nutrient supplementation on use of habitat available in the study stream.  The base residency will have been established first without nutrient supplementation.  Then altering the nutrient base in the test streams against control streams will allow for the assessment of increased residence induced through nutrient supplementation.  Initially, nutrient supplementation will be in the form of artificial feed delivered through a feed distribution system installed to release feed below water surface at the head of each riffle area.  Belt feeders will deliver feed into the distribution system.  Feed distribution will use tubing and water as the transport medium to distribute the feed to the distribution points from a central location.

By using feed (extruded diet) as the source of nutrient supplementation in the test streams we will be able to quantify behavior with a known nutrient availability.   However, feed will also substitute as basic fertilizer, and thus feeding in the experimental streams will increase the nutrient base in those streams compared to the controls.  The effect of fertilizing with feed on productivity of the benthic communities, therefore, will be also assessed.  Assessment will be made of the benthic productivity using the Hess sampler to determine taxa composition and biomass of the invertebrate community present, and drift will also be collected.  Rearing densities without feeding will then be compared between the test streams and control streams to assess the effect that benthic productivity has on stream residence or carrying capacity of the test streams compared with the controls.  Nutrient supplementation in the invertebrate communities  (in the form of feed particulates and waste by-products of feeding) will be measured by differences in the invertebrate density and diversity sampled in test and control streams. 

Particular attention will be given to behavioral changes with level of nutrient supplementation available.  Brannon et al. (2000) argued that fall chinook dispersal behavior was food related.  Fall chinook will remain in a habitat situation as long as adequate food is present until reaching migratory size.  When nutrient levels diminish, fall chinook fingerlings disperse to find new feeding areas because age-0 marine entry has been considered size dependent (Lister and Walker 1966, Lister 1968).  At the temperatures characteristic of fall chinook habitat, the scope of growth requires that resident fingerlings consume a certain (minimal) ration size to attain age-0 migratory status.  The 2002 tests on fall chinook carrying capacity will repeat those undertaken in 2001 to assess residence strategy of fall chinook fingerlings prior to and approaching their migratory phase.

This segment of the study will require approximately six weeks in 2001and ten weeks in 2002.  Increase in utilization of habitat available over that demonstrated among controls will represent the impact of nutrient supplementation, both in the form of feeding and increased benthic productivity from nutrient enrichment through nutrient supplementation.  Drifting invertebrates will be sampled using a 200 um mesh net with an opening of known dimensions, once every two weeks at channel inlet and outlet locations.  Benthic invertebrates will be collected using a Hess or Surber sampler with a quadrant measuring 30 cm x 30 cm, and a net with mesh size of 0.2 mm once a month.  Two stations representing mid channel and bank will be and all invertebrates collected will be sent to a vendor to be quantified and identified to family to confirm our own analysis.

Objective 4 – Assess changes in carrying capacity related to seasonal changes.

Task 4a. The study during in the winter of the first and second years of the project will be to assess seasonal affects on carrying capacity and to determine what are the appropriate parameters (nutrient level or space) governing carrying capacity in those seasonal periods. 

The objective of the project is to develop carrying capacity criteria to maximize the supplementation benefits of hatchery programs of the Nez Perce.  Habitat criteria for summer and winter periods will make use of the engineered habitat model results at the Potlatch engineered stream site to determine the ultimate controlling factors on capacity of stream systems in the Lower Snake Province.  The nutrient level of the stream is viewed as equally important to spatial configuration for carrying capacity during the growing season, but during winter months habitat may be defined simply by spatial relationships.  When fish disengage and disperse downstream in the experimental channels, indicated by exit numbers in outlet traps, the relative importance of space and nutrient level will be ascertained for both winter and summer periods.   The relative performance of these species will allow Nez Perce biologists to more correctly determine rearing capacity of streams and stream reaches in the overall basin because fish dispersing downstream will also need appropriate habit if they are to be sustained.  This type of information will determine what supplementation strategies can be best employed to maximize benefit from the hatchery program, and thus will  influence how and where hatchery production (fry, fingerling, smolts) are allocated. 

Objective 5 - Assess performance of model in target monitoring streams


Task 5a.  This section of the study is to assess the population density of chinook residing in selected streams for comparison with model predictions.   Lolo Creek and Papoose Creek will be target streams for assessment.  These streams will be sampled for estimation of habitat available for juvenile chinook (size related) based on model predictions.  The number of fry and fingerlings anticipated as carrying capacity will then be determined, given the assumptions of the dispersal reported in Brannon et al (2000). Using the model indices, the number of fish to be sustained during summer months will be determined.  Following release of the supplemental population, residence and distribution will be monitored.   With the assumption about chinook dispersal behavior based on the Potlatch studies, the fry remaining in a stream would be expected to be those that occupied  preferred habitat and had sufficient food resources to sustain themselves (Lister 1968).  In contrast, emigrating  fry would be those in search for habitat and food resources to accommodate their needs, and displaced by more dominant chinook residents.  

Monitoring will involve numerical estimates, size of resident fish, size of dispersing fish, condition index (K) of resident and migrating fish, and invertebrate drift and benthic collection monthly from designated stations . Size comparisons of the resident versus dispersing individuals will begin early in their stream resident phase.  Later in their residence phase the larger fingerlings would be expected to leave the stream in readiness to approach the time of marine entry, and the smaller fish would remain in residence until their size or time threshold was reached.   This study is basic to how supplementation would be managed for chinook and it will also influence how nutrient supplementation of streams might be viewed in future management programs. 

Drifting invertebrates will be sampled using a 200 um mesh net with an opening of known dimensions.  The nets will be attached to metal rods driven into the streambed.  Permanent rods may be installed so that sampling will occur at the same position each time.  A pair of nets will be used, with one in mid channel and one along the bank.  Each bank will be sampled alternately.  Sampling will occur during the day between 13:00 and 18:00 hours for 2 to 4 hours during each sampling period.  At the mouth of each net, water velocity and water depth will be measured so that discharge through the net can be calculated.  Drift density (number of drifting invertebrates/volume of water) will be calculated.

Benthic invertebrates will be collected using a Hess or Surber sampler with a quadrant measuring 30 cm x 30 cm, and a net with mesh size of 0.2 mm.  Two positions per station and three stations in the stream representing mid channel and bank will be sampled.  Larger rocks will be cleaned of attached invertebrates.  The remaining substrate will be agitated so that attached invertebrates are freed. 

The monitoring plan will follow standard fisheries biology enumeration and habitat quantification techniques.  Collected data will include habitat quantification, and chinook salmon numbers.  All data can be entered into the EPA BIOS and STORET databases as well.  Final reports will also be issued in the BPA reports, and the publications submitted in fisheries journals.  The Nez PerceTribe will be responsible for monitoring and the long-term storage of the monitoring data.
f. Facilities and equipment
Facilities will be those referred in the experimental plan.  No equipment will be purchased.
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