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a. Abstract 
Land management actions in watersheds supporting anadromous and resident salmonids cumulatively tend to result in alterations to water temperature regimes of entire stream systems that reduce total useable juvenile rearing area and reduce much of it in quality.  This process over time causes water temperatures in historically prime rearing habitat to be exceed optimum levels, thereby reducing growth rates in affected reaches.  Even more important is the potential reduction in growth rates distributed in reaches along the stream continuum occupied by each species, as well as a lower productive capacity for the stream system.  As stream systems are warmed, a headward migration of rearing zones having optimal water temperatures results in optimal thermal conditions for rearing falling within stream reaches that may have substrate composition, channel gradient, and other features not suitable for the species.  The processes that result in elevated water temperatures are typically linked to simultaneous effects on substrate composition, riparian condition, light and nutrient inputs, streambank stability, channel width, pool depth, and large woody debris frequency.  Effects of increased water temperature on salmonid growth and survival are also influenced by these other linked habitat alterations.  In order to study the influence of the longitudinal pattern of water temperatures on salmonids, 3 stream continua spanning stream orders 2-4 in the John Day Subbasin will be evaluated.  This evaluation will consist of field monitoring of biological and physical variables that are indirect and direct indices of salmonid growth and survival.  These indices can be summarized as follows:

1) Monitoring water temperatures along these river continua throughout the prime salmonid growth season (late spring-early fall) provides an indirect evaluation of the suitability of habitat throughout the stream system for growth based on known optimum growth temperatures.  Stream continua that are less perturbed by land management effects are expected to have the greatest useable rearing area, more resistance to diel fluctuations, and less drastic seasonal shifts from optimal to suboptimal or lethal temperatures.

2) Monitoring food availability as invertebrate drift is an indirect indicator of the growth potential of salmonids.  Drift will be evaluated by aquatic vs. terrestrial components, by size of particles, by taxa, and total biomass.  Seasonal variation in drift of these prey categories may reduce growth potential, even if water temperatures are ideal.  It is anticipated that extremes of riparian condition by stream order will be related to the dominance of aquatic vs. terrestrial inputs.  Comparisons of drift abundance between stream orders of differing river continua may reveal the influence of riparian or in-channel conditions.

3) Assessment of riparian and in-channel habitat condition is typically considered to be an index to carrying capacity of a reach (Fausch et al. 1988).  In addition, these general habitat condition elements partially dictate the potential for supporting a macroinvertebrate community.  The abundance and turnover of this community is linked to its ability to generate aquatic drift.

4) Assessment of growth rate of the juvenile fish occupying study reaches, for which thermal regime, riparian and in-channel habitat condition data, and drift rate are available, is the most direct measure of the influence of the combined effects of these variables that are typically altered by land management.  Growth rates known from laboratory studies will be compared with rates determined in the field (Elliott 1994, Jensen 1990).  Estimates of consumption needed to support measured field growth rates will be made from laboratory-derived information.

b. Technical and/or scientific background
Thermal ecology of salmonids is a key habitat quality/quantity issue in protection and restoration of listed species due to the central importance of water temperature in governing growth rates and distribution of fish in the field.  Thermal ecology of bull trout, steelhead, and spring chinook has been a topic of keen interest in the Pacific Northwest as evidenced by technical reviews of the effects of water temperature on these species by EPA’s Regional Temperature Technical Committee (McCullough et al. 2001).  This process was initiated by NMFS and USFWS in cooperation with EPA in their consultation on Oregon’s proposed water temperature criteria.  Land management actions that alter thermal regimes of major salmonid producing stream systems typically also alter other linked habitat variables such as substrate composition and riparian condition.  These factors jointly can influence the availability of food in streams spatially (e.g., from stream order 2 to 4) and also temporally (e.g., during the key salmonid growth period, spring through late summer).  Food availability and water temperature are intimately linked to salmonid growth rate (Railsback and Rose 1999), which in turn is a key indicator of overall habitat quality.  Alterations in the water temperature regime at a stream system scale controls juvenile growth rates by stream reach and also total useable thermal habitat.  Total useable thermal habitat at the stream system scale dictates salmonid growth rates and survival and thereby potential smolt output and condition factor.  The size and condition of smolts entering the mainstem in conjunction with time of entry plays a major role in dictating the ability to survive downstream migration in the mainstem.

Juvenile spring chinook salmon (Oncorhynchus tshawytscha) and steelhead trout (Oncorhynchus mykiss) spend a minimum of one year in freshwater prior to migrating downstream to the ocean.  During this freshwater life history stage the juveniles are faced with emerging at an appropriate time (dictated by the thermal history during incubation) so as to avoid severe spring flows or icing, grow well during the spring and/or summer periods, finding suitable high quality overwintering habitat, and coming out of the winter period with sufficient body size and fat reserves to begin smoltification and downstream migration at a point before tributary maximum temperatures begin to exceed 12(C.

Water temperature influences growth potential of any salmonid species rearing within each stream reach.  In addition, the distribution of water temperatures throughout a stream system (of a spatial extent corresponding to the historic distribution) on a daily and seasonal basis creates an environmental template that partially controls the daily and seasonal availability of food for salmonids.  Food availability and the thermal regime that helps govern it, in combination, partially dictate the potential growth rates of juvenile salmonids.

The ability to restore a listed population in a drainage depends partially upon restoration of thermal regimes of the supporting stream systems typical of unmanaged regimes (i.e., the normative condition) and influenced primarily by natural levels of perturbation.  For a salmonid population in any stream reach, growth rates can be argued to be a good integrating index to aquatic health.  Optimum growth rates would provide a large body size for downstream migrants, thereby improving the probability of survival (Bilton and Smith 1973).  In addition, by achieving the threshold size for downstream migration by early spring, juveniles are capable of initiating downstream migration and do not require a second year of freshwater rearing in order to attain the threshold size.  Given the annual variation in overwinter survival that is related to annual severity of winter flow peaks, icing, dewatering, or winter temperatures, the population productivity and overall population growth rate (() may benefit more by rapid summer growth followed by emigration in the first spring.

Optimum growth temperatures have been identified from laboratory studies for various salmonids.  These studies tend to be conducted primarily under constant laboratory conditions.

As a reach has its canopy opened, light increase causes increase in primary production and increased water temperature (Beschta et al. 1987, Murphy and Hall 1981).  Increased primary production also depends upon supply of dissolved nutrients.  Increased temperature may also stimulate increased rate of primary and secondary production provided that nutrients and light are not limiting (Gregory 1980).  At a local scale this can translate to increased food availability for fish provided that fine sediment does not increase in the reach (Murphy et al. 1981, Hawkins et al. 1983).  But shift in thermal regime is often associated with shifts in the invertebrate community (Hafele, ODEQ, pers. comm.).

Increased production of macroinvertebrates at a site specific scale (e.g., stream reach) can result from patches of open riparian canopy, but the ability of an entire population at a watershed scale to thrive depends upon extending the linear travel distance of temperature less than or equal to the optimum growth temperature as far downstream as possible via natural restoration mechanisms.  This situation would lead to reaches having desirable gradients, substrate, and other environmental features with optimum temperatures and maximizing the stream area suitable for production.  This temperature distribution should result in a maximum potential carrying capacity.  Li et al. (1994) found increased abundance of macroinvertebrates that are unsuitable as food source.

Development and recommendation of temperature criteria for application to streams often involves discussion about what is the optimum growth temperature.  It is acknowledged that in a stream system there is a continuum typically from very cold temperatures in the headwaters during summer to stream reaches where temperatures are optimal, to downstream areas that become increasingly marginal to the point that salmonids disappear.  This zonation, then, describes zones in which growth rates shift from suboptimally cold, to optimal for growth, to suboptimally warm, to marginal and then lethal.  Where summer temperatures are less than or equal to the growth optimum, sublethal effects are generally minor.  The spatial extent of habitat meeting these criteria is greatest when the drainage is most intact, with high quality riparian areas providing abundant shade typical of the vegetative potential of the region and high streambank stability, thereby reducing the exposure to solar heating by maintaining stream channel width and screening the stream from solar radiation.

Growth optima, however, are dependent upon food availability (Elliott 1994).  When food availability is restricted, the temperature at which growth rate is maximized is reduced.  Elliott (1994) found for brown trout that optimum growth rate at satiation feeding is approximately 13(C.  However, when food is limited in the field so that fish can feed only to 60% of the satiation ration at 13(C, the temperature would need to decline to a maximum of  approximately 11(C to produce the maximum growth rate.  If this does not occur, metabolic demand would increase at a faster rate than the food intake, thereby decreasing the energy storage in growth.

Food sources in the field suitable for salmonids consist primarily of macroinvertebrates.  Sources of macroinvertebrates include either aquatic or terrestrial forms.  Aquatic forms vary in their suitability as fish food.  Some forms, such as snails or stone-cased caddisflies do not tend to enter the drift, so they are not common food sources for salmonids, which feed primarily upon drifting organisms.  Terrestrial insects fall or fly onto the water surface from surrounding vegetation and are carried in the drift downstream.  Terrestrial insect contribution to drift is seasonal and can seasonally comprise a large percentage of the daily food intake.

Feeding by juvenile salmonids tends to be oriented toward drift in the water column at various depths above the substrate.  This includes capture of organisms floating at the water surface but normally excludes organisms residing on substrate surfaces or hiding below the substrate surface (i.e., hiding in crevices, under rocks or debris).

The availability of food in the field is a complex issue to evaluate, but it has an important influence in concert with water temperature by controlling salmonid growth rate.  Salmonid food (prey) availability is a function of the biomass of benthic macroinvertebrates that are prone to drift (Hildebrand 1974), their productivity or turnover ratio (P/B, see Waters et al.1990, Buffagni and Comin 2000), and the drift rate.  Drift rate implies the flux of drifting macroinvertebrates passing by the focal feeding stations of salmonids.  Drift rate is related to variables such as water temperature, photoperiod or light intensity, and macroinvertebrate density.  The density factor may be partially related to behavioral drift.  Food availability to any individual size class of juvenile salmonid is a subset of the total drift due to prey size distribution.  Availability to any individual fish is relative to the abundance of other fish of the same or different species competing for the same food in the same location.  Juveniles select particles from the total drift composition on the basis of the prey matching their preferred size categories.  Prey size preference is dictated by the size of the juvenile salmonid. 

Juvenile salmonid feeding in shallow streams may be influenced by fish density calculated on an areal basis (i.e., 2-D).  In this case, fish establish feeding stations where they take food and may rest nearby in slower water for desired food particles to drift by.  Food drifting by a resting station anywhere from above the substrate surface to the stream water surface can be captured by a rapid excusion into the swift current to capture the prey.  Availability of resting sites is important to a fish in being able to maintain its position in a swift current.  Resting in slow water, sheltered areas behind debris or cobbles allows a fish to conserve energy.  Regulation of metabolic expenditure is important, especially in warm water.  This is a key difference between laboratory and field feeding studies.  In the laboratory, fish may or may not be rearing in currents typical of the field.  Under such laboratory conditions, more energy could be diverted to growth if the active metabolism is minimized.  If water depth is greater but the current velocity is reduced, fish are still able to feed in an area from just above the substrate to the water surface, but they may remain at various depths in the water column rather than returning to positions behind cobbles.  Fish density in this situation would involve distribution along a third dimension (depth) and could be calculated as fish/volume. 

Because prey flux could be calculated on a wetted channel cross-sectional area basis and the cross-sectional area varies depending on whether the cross-section is taken at a channel-spanning pool or a riffle, it would be more consistent to measure drift flux only at riffles.

There are other complications in estimation of the amount of food available to juvenile salmonids.  First, it is important to know what types of habitats are used by the juveniles.  Habitat type can be classified by major channel unit types (e.g., riffle, glide, pool) (see Hawkins et al. 1993).  These types can also be characterized by depth, substrate composition, and current velocity.  In addition, it is known that juveniles residing in a reach having riffle/pool morphology tend to be concentrated in the stream margins, leaving much of the center of the stream with a considerably lower use.  Use of the margins and shallow water is greatest by young-of-the-year juveniles (Moore and Gregory 1988).  Older fish are able to feed in deeper parts of the riffle cross-section, where current velocity is also faster.  Whereas sampling drift flux in the center of a stream may provide a good index to relative amounts of food available in the stream, sampling in specific locations within the cross-section would provide a more representative index to food available for individual size classes of salmonids.

Growth rate of an individual fish can be measured as the change in weight per unit time.  Specific growth rate is measured in terms of growth in grams per gram of fish (either dry or wet weight) per unit time.  Because the fish increases in weight during the time interval, for the body weight to be relatively constant the time interval must be short.  Specific growth rate then is essentially a percentage change in the time interval.  If an individual fish is tagged and its growth rate is followed for a short time interval (e.g., 2 weeks), it is likely that its home range would be relatively small.  This might allow a short stream reach to be blocked off at the top and bottom ends with netting to allow the juvenile individual to be re-caught and measured.  During a short time interval the water temperatures would not be expected to vary so greatly that the fish would need to move upstream to avoid a headward progress of lethal or non-preferred maximum temperatures.

Rearing juveniles have been observed making use of habitat within a stream system by extending their geographic distribution in a downstream direction through springtime, following emergence.  Then, as temperatures increase during the summer period, juveniles migrate upstream to seek preferred temperatures and to stay ahead of the advancing lower thermal limits to distribution (Lindsay et al. 1986).  At the scale of the population, the juveniles at the lower limits of distribution in a stream system either die or move upstream as the stream heats up in summer.  Death and elimination of juveniles from the lower distribution limits can occur via direct lethal effects of temperature, disease, competitive exclusion, or predation.  Depending upon the stream, headward migration may not always be an option.  The stream may have channel obstructions (debris jams or falls) that prevent small fish from upstream movement, the water velocities may be too great, or channel gradients may be too high.  As fish move headward, densities increase as fish crowd into the reaches occupied by other fish that may not have moved so far downstream.  Increased density increases the competition for food.  Fish tend to seek the water temperatures that they prefer (temperature preferendum) when placed in a gradient.  In the field the ability to continue to move upstream in search of their preference is likely to be a compromise between energy required in migration or distance and obstacles involved, food availability, and water temperature experienced.  Consequently, it seems unlikely that redistribution of juveniles under an increasing summer temperature regime would be uniform.  That is, even though crowding and temperatures may be greater in the downstream reaches than would be optimal for good growth, fish may not be able to continue to migrate upstream to truly optimal combinations of food availability and temperature.

Production on the scale of a stream system for salmon, such as spring chinook or steelhead, can be managed or monitored on second to fourth order streams.  Production of the population is the elaboration of tissue whether or not it survives to the end of the growth period.  Tissue is elaborated as growth and some portion of this dies at each time interval.  A high level of production of smolts in freshwater would increase the probability of higher levels of adult returns.  The realization of this potential depends upon timing of downstream migration relative to environmental conditions in the migratory corridor, ocean conditions upon saltwater entry, subsequent ocean growth conditions (e.g., indexed by upwelling), and then adult upstream migration environmental conditions (e.g., water temperatures and flows).

The ability to produce an abundant supply of smolts on a stream system basis is a function of many factors.  Distribution of spawning within the watershed is likely to contribute to a more widespread use of the stream system for rearing.  Although juveniles are able to move downstream after spawning and then upstream as temperatures increase, their ability to make full use of the available rearing habitat is likely related to the ability of adults to spawn in a geographically extensive manner.  Juveniles can then make immediate use of rearing habitat upon emergence.  Life history diversity of a species within a large stream system is increased when it is able to express early and late spawning characteristics within the drainage.  If spawning in downstream areas is no longer evident in a drainage, it may be due to adverse water temperatures (or other key habitat requirements for salmonids) in downstream reaches during the historic spawning period, to excessively high water temperatures in the preceding holding period, to extremely low water temperatures during the incubation period, or to rapidly increasing water temperatures during the spring that may not allow proper rearing.

As expressed by Hokanson et al. (1977), the yield of fish (i.e., that portion of production that remains as live biomass at the end of the growth period) is related to water temperature during the rearing period.  The optimal constant growth temperature has the potential to produce maximum growth under satiation food conditions.  Limitations in the field would be due to competition for food among or within species or limitations caused by other habitat features, such as current speed, availability of cover, etc.  Under field conditions, temperatures fluctuate.  When the mean of a thermocycle is equal to the constant temperature optimum but the amplitude of the fluctuation is (2(C or (3(C around the mean, there will likely be a growth reduction (Jobling 1997).  The greater the diel fluctuation when the mean is equal to the growth optimum, the greater the growth limitation caused by this fluctuation.  Under fluctuating temperature conditions, the optimum cycle for growth will be one where the mean is less than the constant temperature maximum.

The growth optimum is dependent upon food availability.  When mean daily field temperatures continue to increase beyond the growth optimum, growth rates decline, even at satiation feeding.  If food is limited and the temperatures are high, growth rates would decline even further.  Under high temperatures and food limitations, survival rates decline so that at a critical high temperature loss of production to mortality equals the production of the remainder of the population.  At this high temperature, the net production is zero (Hokanson et al. 1977).

Productivity of a population is related to its ability to increase in abundance and fully occupy its available habitat.  A viable population needs abundant habitat so as to be able to sustain a large population size (McElhany et al. 2000).  With abundant habitat a fish population in a drainage can occupy a wide range of thermal habitats, leading to diversity in individual growth rates.  Productivity of a population increases with its fitness.  High fitness is conferred by high survival rates, high fecundity, and high fertility.  High water temperatures in adult salmon holding areas lead to reductions in adult viability.  That is, survival is reduced by direct lethal effects, increased disease, and bioenergetic stress.  The adult holding stage does not involve feeding.  However, holding at high water temperatures can result in impairment in gametes, resulting in reduced fertility or delayed developmental abnormalities in the embryo stages.  These effects reduce productivity.

How does food availability translate into ability of a fish to achieve satiation?  If 10 times more drift is available than can be eaten, what is the % of satiation achieved?  Even if the drift flux equals the amount that would produce satiation for the fish population experiencing this food abundance, it could not be assumed that the fish would be successful at capturing the entire flux.  The reason for this is that capture success on a particle of the target prey size is a function of the rate of passage of prey items through a feeding territory, travel distance to the particle, swimming speed of the fish, clarity of the water (i.e., ability of fish to perceive the prey), and ability of fish to utilize the full range of depths and locations on channel cross-sectional transects. Consequently, if drift flux varies among streams from a level that would potentially provide satiation feeding, assuming that 100% of the flux could be captured down to a low level (e.g., 10% of that value), the potential feeding rate might not vary in a linear manner.  That is, when drift flux is very sparse, it might be possible to capture a large percentage of the food that is available, whereas when prey flux is denser, the probability of two items simultaneously passing the feeding territory increases, making it more difficult to capture both items.    

Total drift captured from a flux is related to temperature and fish abundance and size classes of fish.  Or, drift may be available at 50% of what is necessary to provide satiation for the entire population of fish.  Consequently, there would be competition for a limited resource and feeding would be at less than satiation on average.  Some fish would not be able to feed this well and would either grow slowly or not attain maintenance rations and possibly die.

The study area proposed for examining the influence of thermal regime on food availability and salmonid growth rates is the John Day Subbasin.  This subbasin provides a broad cross-section of streams having varying conditions at stream order 2-4 as well as three important salmonid species representing a broad spectrum of thermal tolerance within the family Salmonidae (i.e., bull trout, spring chinook, and summer steelhead).  On June 10, 1998, the bull Trout was designated as Threatened in the U.S.A., conterminous, (lower 48 states). Within the area covered by this listing, this species is known to occur in: Idaho, Montana, Nevada, Oregon, Washington. The U.S. Fish & Wildlife Service Pacific Region (Region 1) is the lead region for this entity.    On March 25, 1999 this species was formally listed as threatened.  A Mid-Columbia River spring chinook status review considered that listing was not warranted in March 9, 1998.  Summer steelhead were proposed as threatened on March 10, 1998.

c. Rationale and significance to Regional Programs
This project was designed to address an information need specified in RPA 34, 115, 141, 142, and 143.  See Future needs: Priorities for the Mainstem/System-wide Fish Wildlife Program Solicitation.  The action expressed in the 2002 Mainstem & Systemwide

Program Summaries was stated as “Assess the use of mid-channel and marginal habitats by adults or juveniles during their migrations or rearing phases, the direct influence of water temperature on these life stages (mortality, growth), and the indirect influences of water temperature on these life stages via effects on the food base.”  This action was prioritized by Bonneville in coordination with the Action Agencies and was rated as high priority for meeting both the Bi-Op and the FWP.
The regional fish managers have realized that food web relationships and food availability (quantity/quality) play significant roles in juvenile growth and survival through a variety of sublethal effects of water temperature.  In the mainstem this concern was reflected in the “Return to the River” of the ISG (see RPA chapter 9, section 9.7.3.1).  A shift in the food base for juvenile salmonids in  the mainstem linked to present-day temperature regimes was cited as a reason for poor nutrition of juveniles migrating downstream through the reservoirs.  The mainstem food base has suffered from a shift to species that provide poor quality food intake.  In addition, the macroinvertebrate food base once thrived in the marginal zones of the historic channel when the margins had more effective water exchange with the main channel.  This maintained a cooler rearing environment.  In addition, historic marginal zones of the mainstem had macrophyte beds and woody debris accumulations that also promoted macroinvertebrate production that contributed toward juvenile production.  In the mainstem today, poor nutrition can lead to increased levels of stress under elevated thermal regimes and to increased frequency of warmwater diseases.

RPA 196 emphasizes the importance of studying food habits and feeding of juveniles in estuary environments: “The estuarine ecology of salmon in general and the use of Columbia River estuarine habitat in particular are poorly understood. Juvenile distributions relative to habitat type, food habits, prey preferences, and the growth and physiological condition of juveniles entering and leaving the estuary are important aspects of salmonid ecology in the estuary.”  In the near-shore ocean environment RPA 197 emphasizes study of food availability in relation to growth and plume conditions: “The plume ecology of salmon and use of the plume habitat are poorly understood. Juvenile distribution in terms of food availability, predators, and performance (fitness, growth, and health) must be assessed in relation to plume dynamics.”

Section 9.7.3.1 of the RPA emphasizes the importance of interconnected habitat factors from freshwater to the ocean that lead to sustained productivity.  This productive capacity is partially attributable to food webs in the rearing environment.  This section of the RPA states that “sustained productivity will require a network of complex and interconnected habitats that are created, altered, and maintained by natural physical processes in freshwater, the estuary, and the ocean.  ….. It is also expected to increase the connectivity of channel, groundwater, floodplain, and upland components of the catchment ecosystem and create more diverse, high-quality habitat, which is crucial for salmonid spawning, rearing, migration, maintenance of food webs, and predator avoidance.”

Food web and food availability relationships have not been well studied in freshwater tributary rearing areas.  The influence of thermal degradation in concert with other forms of associated habitat degradation, such as increased levels of fine sediment deposition, channel widening, large woody debris loss, streambank stability loss, and riparian vegetation alteration can lead to shifts in food availability throughout the stream system.  Food quality and quantity provide direct control on potential growth rate and freshwater carrying capacity.  The ability of freshwater habitats to produce juveniles of sufficient size and condition at a time matching the normal emigration schedule (i.e., a size that would result in high survival during smoltification and ready to migrate when water temperatures begin to rise above critical migration thresholds) depends upon food availability and thermal regime.

d. Relationships to other projects 
This project will be linked to BPA project 2002-017-00 (Regional Stream Conditions and Stressor Evaluation of Oregon Department of Environmental Quality).  This ODEQ project is a three-year study intended to identify reference sites (60 sites total) in the John Day Subbasin of northeastern Oregon.  After reference site identification instream and riparian habitat, water chemistry, fish, and benthic macroinvertebrate samples will be taken to characterize these sites.  This study will focus on the best remaining representative sites of this subbasin.

As reported by ODEQ, other studies are being conducted in the John Day Subbasin that will be of relevance to this project.  ODEQ is being funded by EPA to sample macroinvertebrate benthos in 100 randomly selected sites for streams of first, second, third, and fourth order.  In addition, ODFW will attempt to sample fish in many of the same random locations selected in the EPA-funded project conducted by ODEQ.

The project proposed here will provide data that will be complementary to that collected by ODEQ and ODFW.  The ODEQ studies will either focus on high quality reference sites or randomly selected sites.  Site selection for the purposes of macroinvertebrate drift and food availability analysis will evaluate high quality to low quality sites arrayed on river continua from second to fourth orders.  Fish sampling conducted by ODEQ will be a one-pass electroshocking analysis that will not provide highest quality data on absolute fish densities but will provide a relative index to fish use of the reach as well as presence/absence.  These ODEQ/ODFW studies will enhance the efficiency in site selection and the ability to interpret results of drift availability.  Drift abundance and composition will be more effectively interpreted in contrast to the abundance and composition of the benthic invertebrate communities for the reaches sampled.  The drift derived from aquatic sources originates primarily from the benthos.  Other sources that may not be routinely sampled include wood debris accumulations or macrophyte beds.  Information on the longitudinal zonation of benthic macroinvertebrates in terms of density and species composition in relation to key habitat variables (e.g., water temperature, substrate composition) will lend support to conclusions derived from drift sampling.  Although previous studies have indicated that drift rates are a reflection of benthic community composition and productivity, the availability of benthic sampling in many of the sites to be selected in this work will allow this assumption to be verified for John Day streams.  This work will lend additional support for use of drift sampling as a reliable and convenient monitoring method to estimate the suitability of a stream reach as a rearing area for salmonid juveniles.  This suitability will not need to be inferred from total abundance of benthic macroinvertebrates, much of which is not available as a food source, but from a direct measure of food availability.  Fish relative abundance and presence/absence data will be useful in relation to water temperature data collected in the proposed study and those of ODEQ, ODFW, and ongoing ODEQ water temperature monitoring stations throughout the John Day Subbasin.  Presence/absence of juvenile salmonids in relation to maximum water temperature was clearly revealed by previous studies conducted by ODFW (Lindsay et al. 1986).

Other means to assess whether food is available include measurement of gut contents of fish (Allan 1981), condition factor (Filbert and Hawkins 1995), or growth rate (Elliott 1994).  Gut contents may not, however, be a reliable indicator of food intake because the rate of passage of food through the gut may vary with food availability.  Also, feeding may be episodic.  Gut contents, however, would provide an index to the particle size and species selectivity by fish size class.  Condition factor provides a good index to adequacy of nutrition of juveniles in a freshwater environment.  However, this index is apt to reflect the feeding history of the past two to three weeks and given the ability of fish to migrate within the stream system, it might not well reflect the rearing capabilities of any particular reach (e.g., the study reach for which water temperature data, benthic and drift macroinvertebrate, and riparian vegetation data are available).  
e. Project history (for ongoing projects) 

This proposal represents new work.

f. Proposal objectives, tasks and methods
The objectives for this project have been designed to complement objectives for water and habitat quality and their relationship to food production and juvenile growth potential as outlined in the Draft Mainstem/Systemwide Habitat Summary (February 22, 2002) and as tabulated and prioritized in the Future Needs (Program Summaries Implementation Plan).  These linkages were described in section c (Rationale and significance to regional programs).

This proposed project is a 3-year study.  In year 1 the objectives include (1) site selection in cooperation with ODEQ, (2) habitat condition evaluation for selected sites, (3) collection and processing of aquatic and terrestrial macroinvertebrate drift samples for the latter portion of the salmonid “warm season” growth period, (4) database development, data evaluation, and reporting.   Objectives for year 2 include (1) monitoring of habitat condition factors that vary from year to year (e.g., water temperature, streamflow, water chemistry), (2) collection and processing of aquatic and terrestrial macroinvertebrate drift samples for the entire portion of the salmonid “warm season” growth period for key stream continua representing substantially different thermal regimes (and land management effects) and addition of selected extensive sampling comparisons (drift comparisons across steelhead rearing reaches of varying thermal regimes), (3) database development, data evaluation, and reporting.   Objectives for year 3 include (1) monitoring of habitat condition factors that vary from year to year (e.g., water temperature, streamflow), (2) collection and processing of aquatic and terrestrial macroinvertebrate drift samples for the entire portion of the salmonid “warm season” growth period for key stream continua representing extreme contrasts in thermal regimes (and land management effects), (3) measurement of growth rates of salmonids in temporarily confined study reaches during periods of relatively constant thermal regime, and (4) database development, data evaluation, and reporting.

The research plan for year 1 is described below.
Objective 1:  Site selection in cooperation with ODEQ.  ODEQ, working under a BPA-funded contract, will conduct a process of employing professional judgment of regional experts on fish habitat quality, screening by use of GIS, and following up with field reconnaissance to select regional reference sites for macroinvertebrate benthic sampling and juvenile fish sampling.  Our current proposal will make use of this screening process for identification of high quality sites. 

Task 1.  High quality reaches that are found on a single river continuum will become candidates for use in estimating drift abundance on order 2, 3, and 4 reaches.  ODEQ screening of streams in the John Day Subbasin will occur from May-October, 2002.  These streams, identified by ODEQ for their monitoring purposes, will be reviewed on the basis of tabulated characteristics and evaluated in the field to locate suitable study sites.

Task 2.  Selection of a set of more perturbed streams will be made in contrast to the selection of high quality streams during the early portion of 2003 (May-June).  This will provide contrasting river continua and their stream reaches, representing stream orders 2, 3, and 4.  Within these stream orders, reaches will be selected that have relatively homogeneous stream channel and riparian conditions extending for at least 200 m.  Study sites will be riffles within these reaches that are considered to be significant macroinvertebrate drift producing habitats that provide a food source for salmonids occupying the riffle or adjoining pools.

Objective 2:  Habitat condition evaluation for selected sites.

Task 1.  Evaluate in-channel physical habitat condition factors.  This task will be accomplished by the following activities.

1) Install Hobo-Temp thermographs to record hourly temperatures for each study site throughout the entire warm season salmonid growth period.

2) Measure water current velocity at each cross section.  Current velocity will be measured at the conventional height above the bed surface of 0.6 times the depth.  Velocities will be measured after collection of drift samples.  Current velocity and depth measurements will be taken at equal intervals along transects to allow calculation of stream discharge.  Measurements will also be taken at the beginning and end of the 2-h collection period in front of each net to permit calculation of the volume of water filtered.  Drift collection will be made for a time period that would allow the volume filtered to equal approximately (0.9 of that volume that would pass through the sampler intake dimensions.

3) Conduct a habitat condition survey of an approximately 100-m stream reach upstream of drift sampling site.  Key habitat variables include substrate composition, riparian vegetation cover, composition, and height, streamflow (discharge and velocity), streambank stability, channel gradient, channel bankfull width.

Additional detail on methodology.  

a) Visual classification of substrate composition for the entire riffle will be conducted using a modified Wentworth scale for size classes.  The objective of this sampling is to categorize the channel substrate as percentage bedrock, boulder, rubble, large and small cobble, gravel, sand, and silt.  Insect production is closely linked to availability of coarse material that is unembedded.  The grid method, as employed by Rhodes et al. (2001) will provide reasonable statistical accuracy for estimation of surface particle size distribution.

b) Streambank stability.  Use the method of McCullough (1999), which is modified from a variety of existing methods.  This method essentially scores streambanks based upon their lower and upper bank angle, bank material, and upper bank surface vegetative cover, especially deeply rooted vegetation.

c) Channel morphology.  Measure wetted surface width at each transect and also bankfull width.  Bankfull indicators will be based upon evidence of debris from the previous year’s peak flow or a geomorphic break in slope in the channel cross section.  This point would be the same as used to denote lower from upper bank as used in the streambank stability measurement.  Channel gradient will be assessed by a tripod mounted level transit and telescoping level rod placed at the upstream and downstream end of the riffle.  

d) Riparian vegetation.  Use the method employed by McCullough (1999) to determine an average riparian vegetation condition.  This method relies upon placement of a 5x5-m sample plot at regular intervals within the riparian strip on each side of the channel.  Vegetation is recorded as tree, shrub, forb, and grass height and cover classes.

e) Spatial and temporal stratification in site selection and collection of habitat condition and macroinvertebrate drift samples:  Samples will be collected at geographic locations specified by (1) stream system (e.g., within the North Fork John Day system), (2) stream order, (3) riffle.  Samples will also be collected according to the following time periods: (1) week during the growing season, (2) time of day (see Table 1).

Table 1.  Stratification of drift and habitat sampling planned.

	Sample Unit
	Codes for Sample
	Number of Samples

	1)  Continuum (C)
	1, 2, 3
	3

	2)  Stream Order (O)
	1, 2, 3
	3

	3)  Cross-Section (XS)
	A, B
	2

	4)  Sample Site (SS)
	L, C, R
	3

	5)  Season (S)
	1, 2, 3
	3

	6)  Time of Day (T)
	M, A
	2

	Total
	
	324


	Sample Unit
	Codes for Sample
	Definitions for Sites

	1)  Continuum (C)
	1, 2, 3
	C1) NFJDR (stream orders 2, 3, and 4 in this continuum)

C2) MFJDR (stream orders 2, 3, and 4 in this continuum)

C3 Desolation Creek(stream orders 2, 3, and 4 in this continuum)

	2)  Stream Order (O)
	1, 2, 3
	First, second, and third order

	3)  Cross-Section (XS)
	A, B
	Upper riffle, center riffle

	4)  Sample Site (SS)
	L, C, R
	Left, center, right

	5)  Season (S)
	1, 2, 3
	Late spring, mid-summer, late summer

	6)  Time of Day
	M, A
	Morning, afternoon


Objective 3:  Collection and processing of aquatic and terrestrial macroinvertebrate drift samples for the latter portion of the salmonid “warm season” growth period.

Task 1.  Use drift nets to collect 2-hour drift samples at two times during the day within riffles along stream continua in a set of  4th order stream systems expressing a range of management conditions.  Samples will be taken at 4 evenly spaced intervals spanning the primary juvenile salmon/steelhead/bull trout growth period.  Samples will be collected in riffles of stream order 2, 3, and 4 in three different stream continua representing different longitudinal distributions of temperature.   Drift nets will collect combined aquatic and terrestrial drift because nets will extend from near the streambed to above the water surface.

A sample from the center and the edges of the stream from the morning and afternoon collection at each riffle sampled (i.e., at each stream order) will be classified to at least the genus level.  Three samples will be collected on each of 2 transects per riffle at each time of day.  That is, a total of 12 samples from each stream order per sample date will be further processed.  

Sort, enumerate, weigh, and classify invertebrate samples.  Samples will be sieved into three size classes.  Within these size fractions, organisms will be sorted by terrestrial and aquatic forms.  Adult forms of aquatic insects will be considered to be aquatic insects.  The volume of the aquatic and terrestrial forms within the 3 size classes will be measured by displacement of water within a graduated cylinder of appropriate size to match the sample volume. These 6 fractions of the total sample will represent small, medium, and large prey items of aquatic and terrestrial forms.  Based on an average specific density of macroinvertebrates, a biomass value will be calculated.  Caloric value can be computed by application of standard conversions (Cummins and Wuycheck 1971) to assess which taxa contribute the most to the potential prey base.  If stone or stick cases of caddisflies enter the drift, the cases will be removed prior to estimating volume.  If snails enter the drift sample, snail volume will be calculated separately so that shell can be subtracted.  

From the 6 fractions of each sample preliminary sorting will be made to the family or genus level to prepare the samples for analysis by a professional macroinvertebrate laboratory.  Samples will be preserved in 90% isopropyl alcohol.  Data will be interpreted as drift flux or the number of prey items passing a unit area/unit time.  Prey items in this drift flux will be assessed by size class.  

Measure water current velocity at each cross section.  Current velocity will be measured at the conventional height above the bed surface of 0.6 times the depth.  Velocities will be measured after collection of drift samples.  Current velocity and depth measurements will be taken at equal intervals along transects to allow calculation of stream discharge.  Measurements will also be taken at the beginning and end of the 2-h collection period in front of each net to permit calculation of the volume of water filtered.  Drift collection will be made for a time period that would allow the volume filtered to equal approximately (0.9 of that volume that would pass through the sampler intake dimensions.

Additional detail on spatial and temporal aspects of monitoring.  These details apply to macroinvertebrate drift and habitat condition sampling.

a) At a cross section; variation from center to margin.  Take drift samples at 3 evenly spaced sites on a transect across a stream reach having a riffle that is at least 2 times the wetted width of the stream.  Drift samplers will be placed in the center of each third of the channel cross-section.  Samplers on the left and right will determine the drift flux in the stream marginal area that may be the prime juvenile rearing area.  This can be compared with drift in the center of the channel.  There may be variation from riffle to riffle in drift production.  This may be related to channel geomorphology, channel slope, substrate composition, riparian condition, and stream size (order, width), or elevation.  These variations will necessitate collecting basic habitat data on the riffle and the contributing area upstream by 100 m.  Attempt to select stream reach sample areas, including the riffle drift measurement site, that are relatively homogeneous for 100m upstream of the drift collection site.

b) At a riffle; variation within the riffle.  Collect drift samples on 2 transects within each reach, one near the head of the riffle, below where it tails out from a pool and also in the center of the riffle longitudinally.

c) Collect drift samples on a stream continuum; variation among riffles representing the three stream orders.  Preferably there would be a continuum from second to fourth order stream reach that would be a very high quality bull trout and steelhead and salmon-producing system.  Unfortunately, this situation is very difficult to find except for streams such as the Wenaha and North Fork Umatilla River, or portions of the North Fork John Day.  Collect drift samples on transects in 3 riffles so as to represent the headwater, mid-reach, and lower reach along a continuum utilized by salmonids.  This continuum could span the range from bull trout water (e.g., second order), to steelhead water (third order), to salmon water (fourth order).

d) Collect drift samples on 3 different stream continua.  Comparisons across continua will be made by comparing drift for second order streams; third order streams; fourth order streams.  Differences in drift rates will be related to water temperature indices developed from hourly temperature records.  Drift composition will be related to riparian condition and substrate composition.

e) Collect drift samples at 4 different times during the growing season, spaced at 3-week intervals; trends at each stream order during the growth season; differences among riffles of a given stream order at each time frame or in total drift for the season among riffles of a given stream order.  Temporal spacing of sampling is an attempt to account for macroinvertebrate phenology, or seasonality of development, emergence, etc.  If terrestrial insect dominance in the drift occurs later in the growing season in second order streams (i.e., higher elevations) than in fourth order streams, this difference in timing of food availability might be observed in samples offset by 3 weeks.  Also, within any given riffle, insect emergence tends to occur within limited time frames, set by water temperature degree-day accumulations and photoperiod.  Consequently, it is anticipated that drift abundance may fluctuate during the growth season.  Drift may actually be limited during the warmest portion of the growth season.  Many insects emerge, mate, and deposit eggs in the stream in spring so that their eggs, which are tolerant of extreme high temperatures experience the summer season.  Insect egg hatching, then, occurs after the peak temperature period.

f) Collect drift samples at the cross sections in the morning and afternoon.  Sampling at various times of the day is necessary to reveal diel periodicity.  It would be preferable to allow collection for a 24-h period in order to avoid drift periodicity, which is known to have diel peaks in the early morning, evening, and occasionally late at night when the moon is bright.  It is assumed that feeding by juvenile salmonids is predominant during the day.  In addition, in hatchery culture it is common to conclude that feeding conducted during three times of the day to satiation is sufficient to allow a growth rate comparable to a more frequent feeding.  If this is the case, intense feeding in the morning and afternoon with little feeding in the middle of the daylight period might provide adequate food intake.

Task 2.  Collect terrestrial and flying aquatic invertebrate samples from floating traps installed at each site.  A floating trap consists of a shallow pan containing water with detergent resting on a float tethered to a stake at the sites chosen for measuring drift.  The detergent reduces surface tension, which ensures that insects are not able to leave the water surface if they fall or fly onto it.  Traps will be operated for a 24-h period and will be located in the stream cross-section to represent inputs to the drift in the center and margins of the stream.  Samples will be preserved in 90% isopropyl alcohol.

Sample sieving to identify particle size fractions will follow procedures already described.  Current velocity distribution across the channel will be associated with locations of floating trap collections.

Objective 4:  Database development, data evaluation, data display,evaluation, reporting, and project management.   

Task 1.  Enter data on macroinvertebrate and terrestrial drift into an Access database.  A correlated habitat condition database will be linked to drift samples on the basis of stream continuum, stream order, riffle, channel cross-section, position in stream, and time of day.  Habitat data include a set of watershed characteristics (drainage area, general land use composition of the watershed, ecoregion designations, watershed elevation range); riparian characteristics (riparian vegetation height and cover classes for the study reach); in-channel transient characteristics (water temperature, streamflow, stream top width, stream depth, pool depths above and below the study riffle); in-channel relatively stable characteristics (fine sediment, substrate composition, streambank stability, large wood debris).

Detail on methodology.

f) Tabulate drift sample data for each sample placement according to its stream system, order, cross-section, stream position, week, and time of day.  Sample data include volume by terrestrial/aquatic class and size class, number of prey items by terrestrial/aquatic class and size class. 

g) Tabulate in the database the habitat conditions associated with the samples.  All habitat conditions except water temperature, stream discharge and current velocity, width and depth will be considered to be constant for the entire growth season.  

h) Calculate mean and maximum daily temperature for the sample day at each site.  Calculate mean and maximum daily temperature for the 2 weeks prior to drift collections.  Calculate number of hours per day that exceed 16 and 20(C.

i) Calculate the water flow volume for each drift sampler.

j) Calculate the total stream flow volume for the 2-h period of sampling

k) Compute the total daily streamflow.

l) Calculate total drift flux for each sample time and day at each sample location.  Compute the total drift for a 24-hour period by extrapolation from the set of 6 samples at each riffle.  The drift capture in the 3 nets on each transect is a function of the conditions in the riffle (e.g., temperature, substrate, riparian condition, etc.) but is also related to the water flow rate.  A flow rate of zero would be expected to have a zero drift rate and the greater the flow rate, the greater the potential drift capture, although this relationship is probably not linear.  Total drift on the cross-section will be calculated by extrapolating on the basis of water volume filtered to the entire cross section.  Drift nets will be placed in the stream just above the substrate and extending beyond the water surface to capture floating organisms.

m) Calculate total daily drift flux for the 3 prey item size fractions and by aquatic/terrestrial designation.

Task 2.  Evaluation of drift data in relation to habitat conditions expressed at scales of the watershed, riparian zone for stream reaches, and in-channel stream reach condition.

Additional detail on methodology.

a) Express indices for drift against temperature, substrate composition, and riparian composition indices for the reach as an indicator of fish habitat quality, stream channel/riparian condition, and ability to support fish production.  Plot terrestrial input and transport rate as a function of riparian condition and channel location (i.e., margin vs. center).
b) Compare drift in streams of the same order but varying in habitat condition.
Task 3.  Quarterly reports and a final report will be submitted to BPA for electronic publishing.  Key findings are anticipated to be of use to fish management agencies for purposes of establishing effective water quality standards that will promote the growth and survival of salmonids.  In addition, these findings are anticipated to be of use to land management agencies charged with providing riparian and instream conditions suitable for salmonid growth and survival.  Data will be interpreted and recommendations will be made for these management agencies to facilitate improved salmonid survival.  Effects of land management will be interpreted in terms of salmonid food availability, potential for growth on a stream continuum basis as inferred from spatial distribution of food and habitat quality, and measured growth rates of salmonids in relation to fish habitat condition (watershed, riparian, physical in-channel condition).  
Task 4.  Coordinate sample site selection activities with ODEQ.  Coordinate with ODEQ and ODFW to make use of any available fish, macroinvertebrate, and habitat data collections.  Coordinate with the USFS to facilitate analysis of current watershed conditions.  Interact with the CTUIR and CTWSRO biologists in their studies of the John Day Basin and disseminate results to them and other fish and land managers of the region.  Complete NEPA analyses that are required and coordinate these activities with ODEQ, which is also completing this analysis.  Ensure that data collection, analysis, and reporting are completed on time.

Objective 5.  Measure growth rates of juvenile salmonids within stream reaches incorporating study sites.  

Task 1.  During 4 periods of the prime juvenile salmonid growth season (late spring-early fall) monitor juvenile growth rates in relation to food availability and habitat condition measures.  Growth rates will be determined by temporarily blocking the upstream and downstream ends of a 200-m reach that incorporates the study riffle.  Temperatures will be monitored daily to ensure that nets will not be in place during a period when daily maximum temperatures exceed 23(C for steelhead, 22(C for chinook, and 18(C for bull trout.  Growth rates will be measured by a one-pass electrofishing collection, followed by initial length and weight measurements.  After a 1-week period, the enclosed reach will again be non-lethally electrofished to obtain ending lengths and weights.  Abundance of salmonids will be assessed in relative terms.  That is, multi-pass methods may be expected to overstress juveniles.  Fish will be allowed to fully recover before release to ensure high survival.  Recovery will take place in tanks maintained at safe water temperatures and with aeration.  Although collection of length-weight and growth data without the presence of blocking nets at the top and bottom of study reaches might be preferable, in-migration from fish from either downstream or upstream could introduce bias to estimates.  That is, growth rates of fish downstream might have occurred the previous week at higher temperatures and thereby be lower than of fish rearing solely within the study reach.  Fish from upstream, possibly rearing in cooler water could introduce individuals grown under more optimal conditions if they happened to migrate downstream.  Nets will not be in place so long that they would interfere with escape from adverse thermal conditions.  Also, consultation would be insured to avoid placement of nets during any periods in which adults would be expected to pass.
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Figure 1.  Spatial and temporal sample stratification plan, with the North Fork John Day as an example stream continuum consisting of stream orders 2, 3, and 4.

g. Facilities and equipment
Computer equipment and office space is available in CRITFC’s main Portland office for database work and report generation.  Sample sorting and preparation with available dissecting microscopes can be accomplished in this office.  Field vehicles can be obtained from GSA. The remaining work will be conducted in the field or subcontracted.
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Senior Fishery Scientist/Managing Scientist, February 1994-present, Columbia River Inter-Tribal Fish Commission.  Participate on ODEQ Temperature Committee and EPA Regional Temperature Committee; development of screening process for potential use on land management actions under Section 7 and 10 consultation by NMFS; monitoring plan for use in federal land management; development of model of fish habitat quality/fish survival.  Assist in development of tribal fish restoration plan (Wy-Kan-Ush-Mi Wa-Kish-Wit).
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Fisheries Scientist.  To be hired.

Fisheries Technician.  To be hired.
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