Yakima River Subbasin

INTRODUCTION

The Yakima River originates in the Cascade Mountains above Lake Keechelus at an elevation of 6,900 feet.  The Yakima mainstem is 214 miles long and the catchment basin has an area of 6,155 square miles.  The river flows in a southeasterly direction entering the Columbia River at river mile (RM) 335 near Richland, Washington.  The major tributary is the Naches River, and larger tributaries include the American, Bumping, Tieton, Little Naches, Cle Elum and Teanaway Rivers. Important creeks include Satus, Toppenish, Rattlesnake, Cowiche, Taneum, Manastash and Wilson Creeks. Three natural lakes at the headwaters of the Yakima River – Lake Cle Elum, Lake Kachess and Keechelus Lake – and one in the upper Naches drainage – Bumping Lake – have been dammed at their outlets to create irrigation storage reservoirs.  An additional storage reservoir, Rimrock Lake, on the upper Tieton River in the Naches drainage, is man-made.  Collectively, these five reservoirs are capable of collecting over one million acre/feet of water, almost a third of the mean annual runoff of the entire basin.  Among major Columbia River tributaries, the Yakima is unique in that approximately 40% of the Yakima-Naches drainage consists of structurally complex, alluvial reaches.

Historically, the Yakima supported spring, summer and fall chinook, summer steelhead, early run coho and sockeye. Endemic summer chinook, coho and sockeye have been extirpated in the basin; summer chinook in the early 1970's; coho in the early 1980's and sockeye in the late teens or early 1920's, shortly after the completion of early storage dams below all the headwater lakes in the basin (Anon 1990).  The remaining population of  fall chinook is stable to gradually increasing, while the populations of spring chinook and steelhead are stable to gradually declining.  The Yakima summer steelhead population was listed as a Threatened species (Mid-Columbia ESU) in 1998.  Since 1983, the total return of all wild anadromous salmonids to the basin has averaged about 8,600.  Estimates of the total return of anadromous salmonids to the Yakima Basin prior to extensive development range from 289,000 (Kreeger and McNeil 1993) to 810,000 (Anon 1990).  Thus current wild runs represent from 1 to 3% of historical values (YN, unpublished report, 1999).

Fish Population Status 

Spring Chinook

Three genetically distinct stocks of spring chinook have been identified in the Yakima River.  The largest stock (the Upper Yakima stock) spawns in the upper Yakima mainstem primarily above and just below Roza Dam (RM 128), and in the Cle Elum River.  The Naches stock spawns in the Bumping River, the Little Naches River, Rattlesnake Creek and in the mainstem Naches above the Tieton confluence.  The third and smallest stock spawns exclusively in the American River, a tributary to the Bumping River.

Estimates of the size of the historical Yakima spring chinook run range from ~50,000 (Kreeger and McNeil, 1993) to 200,000 (Anonymous 1990).  Over the recent period of record (1982 - 1999), spring chinook returns have averaged 3,600, ranging from 666 in 1995 to 9,436 in 1986.  Since 1982, an average of 13% of the return has been comprised of American River fish, 26% Naches stock and 60% upper Yakima stock (YN, unpublished report 1999).

Summer Steelhead


Based on electrophoretic analyses, as many as four genetically distinct stocks of summer steelhead currently reside in the Yakima basin: the Satus Creek stock, the Toppenish Creek stock, and possibly a Naches River and an upper Yakima stock  (Busack et al 1991).  However, the high level of genetic variability and the rather small sample size of fish used in this analysis was such that conclusive distinctions were detected only among Satus, Toppenish and a combined Naches-upper Yakima group.  If only for management purposes, it is useful to assume four geographic stocks of steelhead exist in the basin.  

Satus and Toppenish fish spawn in the upper half of their respective drainage’s, whereas the Naches stock spawns throughout the Naches basin (with the possible exception of the American River), and the upper Yakima stock spawns throughout the Yakima mainstem and its tributaries from the Ahtanum Creek confluence (RM 107) to Keechelus Dam? (RM 214), albeit in very low numbers.


Estimates of the historical runsize of Yakima steelhead range from 24,000 (Kreeger and McNaeil 1993) to 80,000 (Anonymous 1990).   Since 1983, Yakima steelhead returns have averaged about 1,400 fish, ranging from 505 in 1996 to 2,838 in 1988.  Based on a radiotagging study of three successive brood years of returning spawners (Hockersmith et al 1995), the contribution by stock is approximately 7% upper Yakima, 13% Toppenish, 32% Naches and 48% Satus.

Fall Chinook

Two genetically distinct stocks of fall chinook occur in the Yakima River, the lower mainstem (or "mainstem") stock and the Marion Drain stock. The mainstem stock spawns in the lower Yakima River primarily below Wapato Dam (RM 106.7), with the heaviest densities between Benton City (RM 29.8) and Horn Rapids Dam (RM 18).  Based on a limited number of aerial redd counts (water clarity usually precludes accurate redd counts), it is estimated that ~70% of all fall chinook spawn below Prosser Dam (RM 47.1).   Marion Drain is a 19-mile-long large irrigation return that enters the Yakima at RM 84.  The Marion Drain stock spawns primarily in Marion Drain, although some fish probably spawn in the mainstem near the mouth of the drain.

Since 1983 an average of 1,082 fall chinook have returned to the Yakima River above Prosser Dam, the only reliable direct  counting station for fall chinook in the basin.  Assuming the above-Prosser population is only 30% of the total, the average return to the entire basin has therefore been 1,082/.3 or 3,608 fish.  Although returns have fluctuated considerably over this period, ranging from 273 in 1985 to 1,896 in 1999, there has been a general upward trend over time.  Historical estimates of fall chinook production range from 50,000 (Kreeger and McNeil 1993) to 100,000 (Anonymous 1990).  Based on redd counts and passage at Prosser Dam, the stock composition of the current run is approximately 10% Marion Drain, 20% mainstem fish above Prosser Dam and 70% mainstem fish below Prosser Dam (YN, unpublished data, 1999).
Summer Chinook


The Yakima River continued to support endemic summer chinook until the early 1970's.   A total of three summer chinook redds were counted in the Yakima River between the confluence of the Naches River and Ahtanum Cr. in 1970 (Anon 1990), the last year summer chinook redd surveys were conducted.   Prior to the 1970's summer chinook spawned in the Yakima mainstem from approximately Marion Drain to Roza Dam, and in the lower Naches from its mouth to the Tieton confluence (RM 17.5).  Kreeger and McNeil (1993) and Anonymous (1990) estimate historical abundance at 86,000 and 100,000, respectively.

Coho


Although endemic coho were extirpated in the early 1980's, natural reproduction of hatchery-reared coho, outplanted as smolts, is now occurring in both the Yakima and Naches Rivers.  Natural reproduction is evident from the increasing occurrence of zero-aged coho parr in samples taken at numerous points in the basin (YN, unpublished data, 2000).  Adult passage data at Roza Dam from 1941 - 1968 indicate that the endemic stock was early-run.  The vast majority of the hatchery coho smolts outplanted since 1985 have also been early run.  

Based on fragmentary WDFW records of spawner surveys, the endemic stock spawned in much the same portion of the upper Yakima as spring chinook do now: primarily in the Yakima mainstem above the confluence of the Cle Elum River (RM 185).  In the Naches, however, coho spawned primarily in the lower alluvial reaches, below the Tieton confluence.  Bryant and Parkhurst (1950) report that coho also spawned in smaller tributaries of the upper Yakima, such as Taneum and Umtanum Creeks, in the early years of the 20th century, and affidavits from early settlers of the Wenatchee basin state that "silvers" were found in virtually every perennial creek and river in the basin before extensive development.  It is now assumed that coho utilized virtually every low-gradient, perennial stream in the basin prior to extensive habitat alteration in the late 19th century (Anon  1990).  

The current, naturalized run spawns in reaches downstream of the historical areas because, until 1999, the vast majority of hatchery smolts were acclimated and/or released well downstream of historical spawning areas.  As was evident from the monitoring of radiotagged adult coho in the fall of 1999, most coho now spawn in proximity to their acclimation and release points, primarily in the middle Yakima below Sunnyside Dam (from RM 95 - RM 104; Dunnigan, 2000).  In recent years, coho spawning has been documented in side channels of the mainstem Yakima between Roza Dam and the town of Wapato (~RM 100) and in the Yakima Canyon (RM 129 – RM 146); in Naches River below the Tieton confluence; and in numerous smaller tributaries including Corral Cr., Spring/Snipes Cr., Toppenish Cr., Marion Drain, Wanity Slough, Ahtanum Cr., Wide Hollow Cr., Cowiche Cr., and Buckskin Slough.

Kreeger and McNeil (1993) and Anonymous (1990) estimate the historical coho run at 44,000 and 150,000, respectively.  Coho returns since regular outplanting began in 1985 have increased steadily, climbing from 0 in 1984 to a peak of 4,679 in 1999.  Few of the outplanted coho were marked until the current brood year.  Therefore the proportion of natural origin recruits in recent returns is unknown.

Sockeye


Before unladdered irrigation dams were built at the outlets of all four natural sockeye rearing lakes over the period 1904 - 1910, the sockeye run was probably larger than any other in the Yakima Basin in terms of numerical abundance. (Anon 1990).   Historically, juvenile sockeye reared in all of the headwaters lakes -- Keechelus, Kachess, Cle Elum and Bumping -- and adults probably spawned both in the lakes and in feeder tributaries.   Mullan (1984) presented statistics from which the historical sockeye run can be estimated.  Mullan determined that the historic nursery area of the Yakima Subbasin was 6,597 acres, and that the mean productivity of Lake Wenatchee from 1947 through 1981 was 15.6 adults per acre.  Assuming historic Yakima nursery lakes were as productive as 20th century Lake Wenatchee, the sockeye run would have numbered at least 103,000 fish.  A more accurate estimate, however, would reflect the smolt losses at seven mainstem Columbia dams that is incorporated in Mullan's productivity estimate of 15.6 adults/acre.  Assuming adult returns directly proportional to surviving smolts below Bonneville, and a mean smolt survival of 85 percent per project, the adjusted productivity of Lake Wenatchee over the period 1947 through 1981 would be about 32 adults per acre.  At this rate, the historic Yakima sockeye run would be 211,104 fish.


Except for a handful of fish returning from experimental releases of hatchery-reared, Wenatchee stock sockeye smolts in the years 1992-1995, and a number of experimental releases of sockeye smolts in the 1940's, sockeye have not returned to the Yakima basin since the1920’s. 

PROBLEMS IMPACTING FISH RESOURCES

General Ecosystem Impacts

Historical Factors

The decline of salmon and steelhead in the Yakima Basin occurred in two major phases.  The first phase, covering the years 1850 through roughly 1900, saw Yakima runs decline approximately 90% from historical values (Davidson 1953; Tuck 1995; Lichatowich 1996).  In the second phase, covering the years 1900 to the present, sockeye, coho and summer chinook were extirpated and the abundance of the other stocks fell to small fractions of historical values. The major cause of decline in the catastrophic first phase was clearly diversion of instream flows for irrigation (Tuck 1995; Lichatowich 1996), although overharvest in early mainstem fisheries also played a role in the extirpation of summer chinook .

In his thesis on the impacts of irrigation development on anadromous fish in the Yakima Basin, Tuck (1995) documents significant irrigation withdrawals beginning in the 1870’s and a dramatic acceleration after the railroad reached Yakima in 1884.  By the mid-1890’s, most smaller tributaries were “completely appropriated” (viz., were dried up by late spring) by a host of unscreened irrigation diversions.  Tuck also documents the “complete appropriation” of the mainstem Yakima itself by 1905.  Tuck (1995) and Lichatowich (1996) point out that withdrawal rates over the entire complex of diversions exceeded 90% throughout the period of smolt outmigration.   No provision to exclude smolts from any of these early irrigation ditches was made.  Indeed, except for one small diversion on the Naches River, which was screened in 1928, none of the hundreds of diversions in the Yakima Basin were screened until the Public Works Administration program of 1934 – 1940 (Tuck, 1995).  Therefore, the probability that a smolt would survive from the upper Yakima to the Columbia was extremely small, and the bulk of the phase 1 decline can be attributed primarily to smolt entrainment in irrigation diversions.  Factors such as mainstem and ocean harvest, Columbia hydroelectric projects and widespread alteration of the floodplain and channel of the Yakima River itself would become dominant only later.

Two other impacts associated with the operation of irrigation diversions in the relatively recent historical past deserve special mention.  Although both impacts have now been significantly reduced or eliminated, they played an important role in determining the status of existing runs.  These impacts are the passage problems associated with Roza Dam from its completion in 1941 until a new ladder was installed in 1989, and the complete dewatering of extensive reaches below Cle Elum Dam on the Cle Elum River, Wapatox Dam on the lower Naches, and Sunnyside and Prosser Dams on the lower Yakima. 

Roza Dam passage. The structure and operation scheme of Roza Dam and its fish ladder has had a devastating effect on upper Yakima coho and steelhead.  Until a new facility was installed in 1989
, the ladder at Roza Dam was dewatered whenever the pool was lowered, as it routinely was at the end of the irrigation season.  From 1941 through 1958, the pool was lowered, on average, from October 19 through March 17 (data from the BOR Yakima Project Office’s online HYDROMET system).  Therefore, based on coho and steelhead passage timing at Roza, the fish ladder was dewatered and the upper Yakima was inaccessible to roughly 70% of the coho run and virtually all of the steelhead run. A power-plant was added to Roza Canal in 1959, providing an economic incentive to keep water flowing through the canal (and the ladder) during as much of the year as possible.  After installation of the power plant, the canal and ladder remained flowing continuously except during periods of severe icing, essentially restoring full access to the upper Yakima to steelhead.  From 1959 until 1989, however, access still would have been denied to about 30% of a coho return with an early run-timing.  Full access for both species was essentially restored when the new ladder was completed in 1989.

Dewatered reaches below diversions.  Tuck (1995) documents many episodes of vast fish kills when outlets from reservoirs were shut off following the irrigation season, and miles of the Cle Elum, lower Yakima and lower Naches Rivers were dried up.  Most of these episodes occurred in the 1930's and 1940's, although dewatering below Sunnyside and Prosser Dams occurred as recently as 1977. 


Current  Factors


Factors affecting current natural production have been classified in terms of the specific element of the aquatic ecosystem they impact most directly. Aquatic ecosystems can be disaggregated into abiotic and biotic components.   Six distinct parameters fully describe the abiotic components, and four describe the biotic components.  Abiotic elements include the following parameters:

I. Water quality: temperature, suspended sediment, turbidity, chemical pollution/pesticides, nutrient concentration, dissolved oxygen, biological oxygen demand.

II. Habitat accessibility: presence of physical barriers to anadromous salmonids.

III. Habitat structure: pool frequency and quality, fine sediment delivery and deposition, size distribution of substrate, and the quantity and distribution of large woody debris (LWD), off-channel habitat (e.g., side channels and sloughs) and refugia (near-pristine habitat patches sheltering “core populations”).

IV. Channel condition and dynamics:  width-to-depth ratio, streambank stability, channel stability, channel confinement and simplification, floodplain connectivity.

V. Instream flow/hydrology: similarity of peak and base flows to normative values, similarity of drainage network to the historical drainage network, mortalities (entrainment, predation, stranding) caused by irrigation or hydropower diversions.

VI. Watershed condition: road density, condition and location, disturbance history and the quantity and distribution of riparian reserves (habitat patches of natural, late succession riparian vegetation providing normative rates of LWD recruitment, shading, etc.)

The four major biotic elements are:

VII. Predation, both inter- and intra-specific.

VIII. Competition, both inter- and intra-specific (hatchery-wild and between resident and anadromous morphs of the same species, especially O. mykiss).

IX. Pathogens/Parasites
X. Mutualism, species that benefit each other, as in the fertilization of infertile streams to the benefit of the entire aquatic community by salmon carcasses, or water retention and the beneficial habitat structure provided by beaver dams.  A major mutualistic element, riparian vegetation, has for organization sake been grouped with habitat structure, an abiotic parameter. 

Classified in terms of these ten parameters, the major factors currently limiting natural production of salmon and steelhead are as follows:

I. Water Quality
A. Excessive water temperatures in mainstem Yakima River.  Maximum water temperatures in the lower hundred miles of the Yakima mainstem that reaches or exceeds lethal levels for salmonids.  This thermal change occurred primarily as a result of storing much of the cold spring runoff in reservoirs and preventing the recharge of hyporheic and shallow floodplain aquifers by eliminating regular spring floods in alluvial reaches.  A contributing factor is the loss of riparian vegetation that moderated thermal heating of the stream and adjacent soils and shallow aquifers. 

B. Excessive water temperatures in tributaries.  Summer temperatures are frequently excessive in the lower reaches of  Satus, Toppenish and Ahtanum Creeks, as well as the Teanaway River.  This problem is caused by removal of riparian vegetation and consequent loss of shading, and low flows resulting from irrigation withdrawals (Toppenish, Ahtanum and the Teanaway) or degradation of wet meadows at the headwaters (Satus Cr.). 

C. Excessive deposition of fine sediment.   

1. In the Yakima mainstem.  The amount of fine sediments deposited in the middle and lower Yakima, from Wilson Creek (RM 146) to the Columbia confluence, has severely degraded many miles of spawning habitat and partially or completely filled pools essential to juvenile rearing and adult holding.   This problem is clearly caused by extraordinarily silt-laden irrigation returns (e.g., Sulphur Cr,  Granger Drain) and natural creeks that receive massive silt loads from irrigation returns and direct agricultural runoff (e.g., Wilson Cr, Ahtanum Cr).  

2. In major tributaries.  Excessive sediment loading poses similar problems in a number of important tributaries, including Satus Cr and all of its tributaries, Toppenish Cr and its tributaries, the lower Naches River, the Little Naches River, Ahtanum and Cowiche Cr, and the Teanaway River.  In these tributaries, increased sediment loading is caused excessive by road density in the watershed, roads located immediately adjacent to streams, poorly maintained roads and/or bank destabilization associated with overgrazing. 

3. Sediment associated with operation of irrigation diversion dams.   Post-irrigation-season maintenance of gates and/or bypass screens at a number of dams has resulted in the discharge of large quantities of silt and fine sediments that impact downstream spawning areas.  At Roza Dam, these incidents result from the lowering of Roza pool to gain access to rotary drum screens for maintenance.  When the pool is lowered, much of the sediment deposited during the previous year is resuspended and deposited on spring chinook, steelhead and coho spawning areas downstream
.  At the Easton diversion (RM 202.5), periodic maintenance on the dam gate also requires the lowering of the impoundment (Lake Easton).  Exposure of lake bottom sediment has an effect similar to that at Roza, especially when fall rains erode soft basin walls and resuspend mud, which is carried into the most important spring chinook spawning area in the basin.

II.  Habitat Access

A. Blocked by major impoundments.  Keechelus, Kachess, Bumping and especially Rimrock and Cle Elum Dams are unladdered and have no facilities to assist outmigrating smolts.  Consequently, they have blocked access to hundreds of miles of good to excellent habitat. 
B. Blocked by small diversions.  Many dozens of smaller dams and diversions on tributaries restrict access to an area amount of spawning and rearing habitat that collectively rivals the losses attributable to the major impoundments.   Historically productive tributaries that have been partially or totally blocked by irrigation diversion include the Yakima mainstem between Easton and Keechelus Dams, Big Cr, Little Cr., the Teanaway River mainstem and all three of its forks, Taneum Cr., Manastash Cr., Reecer Cr., Wilson Cr. and its many tributaries, Wenas Cr, Cowiche Cr., Ahtanum Cr., upper Toppenish Cr. (above the Toppenish Lateral Canal), Simcoe Cr., and the North Fork of Simcoe Cr. Often problem diversions on these tributaries block adult access because they lack fishways and are too high to be jumped.  However, nearly as frequently these diversions block access by partially or totally dewatering the downstream reach at critical times of year.  Most of the problem diversions in these tributaries are either poorly screened or lack screens entirely.  Details on these diversions may be found in the Yakima Subbasin Plan (Anon 1990) 

III. Habitat Structure
A. Elimination of off-channel habitat.  Side channels, sloughs and off-channel "alcoves" have been filled or disconnected from the mainstem river as a result of streamside farming, residential development and the construction of railroads and roads.  These activities have drastically reduced the area of structurally complex, multi-channel rearing habitat for juveniles.
B. Inadequate Large Woody Debris.  With the exception of some isolated headwater streams that have been protected or have fortuitously escaped development, the entire drainage suffers from a severe lack of large woody debris (LWD).  Combined with unnaturally high flows during the late spring and early summer, the scarcity of LWD has severely reduced the quantity and quality of rearing habitat for salmonid fry, and especially for late-emerging steelhead fry.  The scarcity of LWD can be attributed to reduced recruitment, which in turn is caused by the removal of riparian trees associated with diking, road maintenance and construction, riparian logging and overgrazing, and residential development in the floodplain (particularly in Kittitas County).
IV. Channel Condition and Dynamics.  

A. Impacts of dikes, levees and road embankments.  Channel structure has been substantially modified in the Yakima River Basin by the construction and maintenance of dikes, levees and roads.  Areas with particularly severe impacts of this kind include the mainstem Yakima in the vicinity of the cities of Ellensburg and Yakima, virtually the entirety of Satus Cr and the Naches and Little Naches Rivers, and the critical upper Yakima spring chinook spawning and rearing area extending from Easton Dam to the Teanaway River confluence.   By narrowing and straightening the channel, dikes and road embankments increase stream velocities substantially, thereby displacing fry and, over time, removing spawning gravel.  Floodplain roads have played the dominant role in simplifying tributary channels.  Road embankments confine the channel like a dike, but also prevent establishment of riparian vegetation and increase the delivery of fine sediment.  Reaches in which channel structure has been degraded by road embankments can be found throughout the Yakima River drainage.  

B. Impacts of logging, grazing and mining.  Although dikes, levees and roads have had the largest impact on channel condition and function, logging, mining and grazing have played locally dominant roles, causing increased bank erosion and fine sediment delivery, channel disturbance, and loss of riparian function.  Logging impacts have been significant in the Little Naches drainage and a number of upper Yakima tributaries (e.g., Cabin Cr and Big Cr).   Historical and ongoing mining activities have severely disrupted channel structure and function in Swauk Cr.  The impact of historical overgrazing has been severe in Satus Cr, and especially its Dry Cr tributary.

V. Instream flow/Hydrology  
A. Global impact.  The hydrograph has bee significantly distorted by using storage reservoirs to regulate instream flows for irrigation throughout most of the basin.  Along the entire length of the mainstem Yakima, the hydrograph has been "inverted and truncated", with highest sustained flows occurring in the summer, unnaturally low flows occurring during the winter, and diminished peak flows year-round.  Along the Tieton/Naches corridor, the hydrograph is deformed by a river management scheme known as "flip-flop" (see below).  This scheme diminishes the normative, late spring peak flow period, exacerbates the late summer low-flow period, dramatically increases flows during late summer and early fall (early September through mid-October) and unnaturally decreases flows during the winter and early spring.  The impact of these changes has been most severe on fry and early parr, although a very significant secondary effect has been the degradation of spawning substrate in the Tieton and lower Naches.  Water velocity during later spring and early summer is excessive in the 110 miles of the mainstem Yakima River from Keechelus Dam to Sunnyside Dam.  Combined with the severe structural simplification that has also occurred in this area, the loss of rearing habitat has been enormous. 

B. Site- and structure-specific impacts.   The global effect of a non-normative hydrograph is cumulatively more important than isolated impacts and those associated with specific structures.  Nevertheless, some site- and structure-specific impacts are important enough to mention.  These are:

1. Side channel fry stranding. Fry are regularly stranded in the late spring and early summer in side channels of the Yakima River in the vicinity of the towns of Ellensburg, Cle Elum and Easton, and in the Cle Elum River near Cle Elum Dam
 due to irrigation-related downramping.  A similar impact occurs in the fall in association with the end of irrigation season and the beginning of the period of reservoir re-filling.

2. Parr displacement.  Parr are probably displaced from suitable rearing/overwintering areas in upper Yakima to unsuitable areas downstream by sustained, unnaturally high flows in the late spring and summer. 

3. Naches impacts associated with "flip flop".  Under the reservoir and river management scheme called "flip-flop" releases from upper Yakima reservoirs are substantially reduced in early September at the same time as releases from Rimrock and Bumping reservoirs are increased.  By this expedient, irrigation water is provided to major mid-Yakima irrigation systems and upper Yakima spring chinook are forced to spawn lower in the river channel, reducing the likelihood of redd desiccation when flows are further reduced in the late fall during reservoir refilling.  Unfortunately, this management scheme has also greatly reduced quality and quantity of spawning substrate and rearing habitat in the lower Naches and Tieton Rivers.  Releases from Rimrock and Bumping are minimized from early spring through early September, resulting in unnaturally low flows which dry up all or most of the side channels in the lower Naches, radically reducing the quantity of fry/parr rearing habitat and probably displacing fish downstream into the middle and lower Yakima.  Water temperatures and predator densities in this portion of the Yakima are such that the survival of displaced juveniles is unlikely.  Just when flows reach their regulated minimum -- early September -- Flip-flop occurs, and discharge in the lower Naches increases by an order of magnitude.  Again, downstream displacement of juvenile salmonids probably occurs as a result of this dramatic and relatively sudden change in flow
.  Because the period of high flow is six or seven weeks, much of the small gravel required for spawning has been flushed out of the Tieton and lower Naches.
4.  "Water holes".  The production of  "holes in the river", or "water holes" below a number of irrigation diversion frequently occurs during low-flow years.  At such times, some irrigation diversions regularly produce episodes of near-dewatering in the downstream reach, reminiscent of the complete dewatering episodes of the 1930's and 40's.  These diversions include Wapatox Dam, Sunnyside Dam and Prosser Dam, and occasionally Easton Dam. Water holes are generally produced by an inability to forecast increased irrigation demand and to increase releases from upstream storage reservoirs fast enough.  They can be particularly devastating when they occur during fry emergence (Easton and Wapatox) or during the smolt outmigration season (all sites but especially Sunnyside and Prosser).

5. Elimination of an annual flood.  The elimination of regular spring floods in (historically) unconfined alluvial reaches by a combination of reservoir flood control and extensive diking downstream has had a number of negative effects.  The most significant of these is a major reduction in the quantity of cool, hyporheic and floodplain ground water to sustain summer base flows.  This reduction in groundwater inflow is one of the major causes of the increased water temperature in the lower Yakima.  Other adverse impacts include a reduction in the abundance of prey organisms for juvenile salmonids, accelerated channel incision in aided areas and the dewatering of off-channel habitat, structural simplification of main channel habitat, increased destructiveness of winter floods on deposited eggs, and the loss of inundated floodways which historically provided abundant, structurally complex fry rearing areas.

6. Bypass system mortalities.  Predatory fish and birds congregate around a number of smolt bypass systems at a number of diversion dams, but especially Horn Rapids, Prosser, Sunnyside and Wapato Dams.  Smolt losses to these predators can be high when flows are low and water temperatures high.

7. Logging-related. Peak flows have been substantially elevated in some headwater streams due to roads and logging (e.g. Cabin Creek, Big Creek, the Teanaway River).  Roads capture runoff and efficiently transport it to the stream, precluding ground infiltration.   Large scale removal of trees and vegetation also allows more rapid melting of the snow pack and release of winter and spring runoff. 

C. Adult and juvenile mortalities associated with the Columbia River hydropower system.

VI. Watershed Condition
Watershed conditions have been degraded in the Yakima River basin from a wide array of land management activities.  Logging, mining, grazing, roads and clusters of residential and recreational development have negatively affected headwater areas and tributaries in the watershed.  Roads, dikes, residential development, agriculture practices, grazing, manipulation of flows, and gravel mining have affected the middle watershed.  Agriculture practices, dikes, irrigation return flows, residential development and manipulation or lack of flows mostly affects lower portions of the watershed.

VII. Predation
Current losses of juvenile salmon and steelhead to predators are thought to constrain natural production significantly.  These losses may be due to a combination of factors including:

A. The introduction of exotic piscivorous fish, especially smallmouth bass, into the lower Yakima.

B. The transformation of much of the lower mainstem into warm, slow-moving reaches that accelerate feeding rates of all piscivorous fish and affords good rearing habitat for pikeminnow populations.

C. Increased exposure time to predator populations associated with reduced instream flows.

D. The construction of five major and hundreds of smaller irrigation diversions and smolt bypass systems which have eliminated wholesale entrainment mortalities but have also created excellent foraging sites for piscivorous fish and birds.
E. The radical simplification of rearing habitat, which has increased the vulnerability of parr and smolts to predatory birds, especially mergansers in the upper basin.
F. A recent observation in the area of predation suggests that a migrating smolt, whether hatchery-reared or wild, will have a higher probability of surviving passage through the lower Yakima River when it is commingled with large numbers of other smolts (YN, unpublished data, 2000).
VIII. Competition:

A. Temperature-mediated impacts.  Competitive pressure from redside shiners (and possibly other Cyprinids) are probably much higher than they would otherwise be if water temperatures in the middleYakima, where shiner densities are very high (Patten and Thompson, 1970), were not unnaturally high.

B. Juvenile bass.   The very high densities of small-mouth bass in the lower Yakima (primarily below Prosser Dam) represents a major competitive obstacle to juvenile fall chinook rearing in the same area.

IX. Pathogens and Parasites
Ceratomyxa shasta has been discovered in upper Yakima spring chinook, and is probably is also present in other species and stocks of Yakima steelhead and salmon.  Because virulence increases with water temperature, fall chinook are likely to be most significantly affected.

X. Mutualism
A. Beaver have been eradicated from much of the basin, severely impacting base flows in dryer watersheds (e.g., Satus Cr) and eliminating critical rearing and overwintering habitat for fry and presmolts, and for pool-loving species like coho.
B. Spawning escapements are a small percent of historical values.  Therefore the mutualistic effects of increased nutrient concentrations provided by salmon and steelhead carcasses are much lower than they were historically, and the primary productivity and carrying capacity of geologically infertile reaches has been reduced.
C. The abundance of pacific lamprey is currently very low in the basin. Juvenile salmon feed voraciously on lamprey larvae, which have a very high caloric content, as to larger predators which also prey on smolts.  Although the relationship of lamprey and anadromous salmonids is not mutualistic, a scarcity of lamprey adversely affects salmon and steelhead by not partially sating smolt predators and/or diverting their attention away from smolts.   Salmonids are also the poorer for not having lamprey as a prey item themselves. 

OBJECTIVES

Habitat


The Yakima/Klickitat Fisheries Project 
(YKFP), the program responsible for salmon and steelhead enhancement in the Yakima and Klickitat Basins, has proposed the goal of attaining "properly functioning condition" (PFC) for fish habitat.  "Properly functioning condition" implies the sustained presence of habitat-forming and maintaining processes in a watershed (e.g., normative patterns of riparian succession, bedload transport, channel migration, runoff, etc. ) such that the long-term survival of the species is ensured over the entire range of natural variation.  Because PFC indicators vary between river basins as a function of unique physiographic and geological features, the YKFP is currently in the process of defining PFC for the Yakima and Klickitat basins in terms of each of the ten ecological parameters described previously.

Production


Overview

The ultimate goal of the YKFP, as mandated The Record of Decision (ROD) on the Final Environmental Impact Statement (FEIS 1995) for the project, is to increase and/or restore natural production
 of all historical runs of salmon and steelhead in the Yakima Basin, and to increase harvest opportunity on these runs.  A combination of supplementation
 and complementary habitat restoration has been chosen as the mechanism for achieving this goal.  

In 1995, however, the scope of the program authorized for immediate implementation included only an upper Yakima spring chinook supplementation program and an experimental test of the significance of losses of Yakima spring and fall chinook juveniles to predation by hatchery coho smolts (the latter program was considered a condition on further development of a coho reintroduction program).  The FEIS also stated that implementation of programs targeting additional runs would be phased in over a number of years, with tiering of supplemental EIS’s for each new initiative.  Since 1995, the Columbia Basin Fish and Wildlife Authority (CBFWA) and the NPPC have identified supplementation and supplementation/reestablishment projects for Yakima fall chinook and Yakima coho, respectively, as high priority actions. Both programs have officially been incorporated into the YKFP.   The fall chinook and coho measures are considered to be in a feasibility phase until certain critical uncertainties have been resolved.  A test of the feasibility of using reconditioned kelts collected from the smolt trap at Proser Dam to increase natural production of steelhead is also being conducted.  Other stocks and programs will be implemented on a priority basis pending successful resolution of feasibility and risk considerations and completion of NEPA requirements.
An important condition on production and harvest goals is that they be consistent with the maintenance of the genetic integrity of the target stock as well as keeping adverse impacts on non-target stocks within acceptable limits (Busack et al 1997). “Genetic integrity” implies maintaining the variability of heritable traits within each stock as well as maintaining the genetic differences among stocks.  A comprehensive monitoring plan for the upper Yakima spring chinook program (Busack et al 1997) includes exhaustive measures for tracking impacts on non-target stocks as well as the natural production, genetic integrity and harvest of targeted stocks.  The spring chinook Monitoring Plan is now in full implementation, and is the template for monitoring plans being developed for Yakima fall chinook and coho.  

Specific Numerical Objectives

A series of species- and stock-specific production goals, expressed in terms of return, escapement and harvest, have been proposed and revised over the years.  The original set of goals and objectives for Yakima basin salmon and steelhead were listed in the Yakima Subbasin Plan (Anon 1990).  The objectives for spring chinook were modified as a result of a modeling exercise in 1993, and are currently in the process of being revised again in the light of an ongoing Ecosystem Diagnosis and Treatment (EDT) analysis
.  Coho, steelhead and fall chinook are also subjects of the current EDT analysis.  Therefore, it can be expected that numerical production goals for spring and fall chinook, coho and steelhead will be revised in the near future in response to this latest analysis.  Summer chinook and sockeye are not subjects of EDT analysis now, because it is unlikely that the severe habitat problems that drove them to extinction will be resolved in the near future.  This upcoming revision of production goals for the remaining species, like the historical estimates, will represent the current best estimate of the maximum production possible given existing and "restorable" habitat and the constraints associated with protecting non-target species.

There are a number of quantitative objectives for all stocks targeted by the YKFP that fall outside the area of the number of fish in the targeted stock that return to the basin.  These objectives derive from the fundamental mission of the project, and can be broken down into the following four items:

1) Increase natural production of targeted stocks significantly by using a combination of habitat restoration and supplementation. Natural production is defined as the abundance of "natural origin recruits" (NOR's), the adult progeny of fish that spawned in the wild.  From a monitoring perspective, this goal has been translated into the need to develop methods of detecting a 50% increase in the number of NOR's with 90% certainty.

2) Increase the harvestable surplus of all targeted stocks.  The standard monitoring requirement has also been applied to this objective: detect a 50% increase with 90% certainty.

3) Detect significant losses of with- and among-population genetic variability, and domestication selection, in targeted stocks with defined statistical power.

4) Limit adverse impacts to the stock the status (abundance, size structure and geographic distribution) of non-target species to levels that are less than a certain percent of baseline (the mean before the project is implemented).  Criterial impact levels are a function of local or regional rarity and utilization value,  and are listed in Busack et al, 1997.  The monitoring requirement associated with this objective is to define the statistical power with which criterial impacts can be detected. 

Spring chinook.  The Yakima subbasin planners proposed objectives for spring chinook returns, terminal harvest and spawning escapement of 26,303; 15,519 and 9,706, respectively (Anon 1990).   These figures were based on a computer model, which simulated production under a scenario in which eight habitat restoration projects
 were successfully implemented and both the upper Yakima and the Naches stocks were supplemented.  In 1993 a different computer model simulated production under existing environmental conditions and a supplementation program targeting only the upper Yakima stock. Revised objectives for adult return by stock based on the 1993 simulation are as follows: 9,000 upper Yakima adults, 1,100 Naches adults, and 700 American River adults (~11,000 combined).  Objectives for spawning escapement for the upper Yakima, Naches and American stocks were revised to 2,000, 640 and 390, respectively.   The objective for terminal (in-basin) harvest was set at 6000 fish, of which 5,400 fish would be upper Yakima stock, 300 Naches and 200 American.   The objective for total harvest to all fisheries (Yakima River, Columbia River, and ocean) was set at 8,800 fish.

Summer steelhead. Numerical objectives for steelhead have not been revised since the 1990 Subbasin Plan.  The scenario modeled for steelhead in 1990 assumed a number of successful habitat restoration projects
and the supplementation of steelhead populations in the upper Yakima and Naches Rivers, and in Toppenish Creek.  Interactions between steelhead and rainbow trout were not considered.  Thus simulated, return, spawning escapement and harvest were predicted to be 29,704, 12,298 and 16,040, respectively.  These were the goals adopted by the Subbasin Plan and incorporated into the early YKFP.

The current analysis of steelhead production in the basin emphasizes two areas not previously investigated in detail: complications associated with trout-steelhead interactions (especially rainbow trout-steelhead interactions), and the need to refine the description of the genetic structure of the existing populations.  These considerations prompted the YKFP to embark upon a comprehensive Yakima Basin rainbow/steelhead enhancement plan based in part on EDT analysis.  A YKFP steelhead program that goes beyond the current kelt reconditioning program will be based on this comprehensive analysis.  

A comprehensive O. mykiss management and enhancement plan is essential because steelhead cannot be considered in isolation from rainbow trout.  This is so because anadromous and resident O. mykiss are conspecifics and sometimes are alternative, environmentally determined life history types within the same interbreeding population (Zimmerman 1999).  Moreover, steelhead and rainbow trout juveniles occupy the same ecological niche, and competition between the two forms will be intense in well-seeded habitat.   Therefore, a one-sided management or enhancement plan risks being either futile or successful at the cost of displacing the other life history type.


Three points summarize the current planning goals for Yakima steelhead:

· Determine with a high degree of statistical power the number and geographic distribution of genetically distinct stocks of steelhead in the basin, and especially the genetic relationship between steelhead populations in the Naches and the upper Yakima watersheds.   

· Maintain the distinctiveness of all existing steelhead stocks by including broodstock collection and rearing and release measures in all enhancement plans that are consistent with conservation of the existing degree of reproductive isolation.

· Determine the degree of reproductive isolation between distinct steelhead stocks and sympatric rainbow trout populations.  This relationship will be determined by examining the strontium/calcium ratio in otolith primordia of known steelhead and rainbow trout
.  Sympatric populations of steelhead and rainbow trout (viz., populations inhabiting the same area) that are reproductively isolated will be considered different species, and managed accordingly.  Enhancement of sympatric steelhead and rainbow populations that are freely interbreeding will reflect the degree to which one form or the other will benefit from supplementation and from the scope and kind of habitat restoration that can be reasonably expected.

Coho.  The Yakima Subbasin Plan set an objective for coho of a return of 5,025 adults, and terminal and total harvests of 2,161 and 26,682, respectively.  However, the scenario envisioned by the Subbasin Planners differs greatly from the current vision.  Like the current plan, the 1990 coho plan entailed complementary supplementation and habitat restoration.  However, because of inter-agency agreements then in effect, the upper Yakima was omitted from the pram, both as a recipient of hatchery outplants and as the beneficiary of habitat work.  The supplementation program then contemplated entailed the release of 600,000 smolts at a hatchery to be built at Oak Flats, a site on the Naches River just upstream of the Tieton confluence, and a direct release of 1.4 million smolts at Wapato Dam.  Broodstock and eggs were initially to be obtained from Cascade Hatchery but ultimately from returning Yakima fish collected at Prosser Dam.  Habitat restoration included halving smolt losses within the basin through a continual predator control program, completion of the phase 2 screening project and rebuilding the screens at Wapatox Dam and diversions for hydropower production at Wapatox Dam to instream flow requirements.

The goal of the current coho feasibility program is to determine whether and where in the basin naturally reproducing, self-sustaining populations of coho might be reestablished.    Subsidiary goals include the following five items:

1) Determine the spawning distribution of coho at the present time

2) Determine egg-to-emergent-fry survival rates for returning hatchery-reared coho in representative habitats

3) Describe essential elements of the life history (rearing distribution, seasonal migration patterns, egg-to-smolt survival for fish spawned in various areas) of the naturally produced progeny of the current returns of hatchery adults.

4) Determine whether a locally adapted broodstock can be developed.

5) Determine the optimal basin and time of release of acclimated hatchery smolts.

All elements of the existing coho program have been designed to produce information easily incorporated into the EDT model.  Accordingly, when production goals are revised on the basis of an EDT analysis in the near future, a good measure of confidence can be placed in the results.  

The current feasibility program will last six years (three coho generations), after which all available data (EDT results, abundance of naturally produced coho smolts and trend over time, population viability analyses, etc) will be analyzed to determine whether or specifically where in the basin natural coho production can be reestablished.  Given an affirmative answer to the fundamental feasibility question, the coho program will move into an implementation phase, with the goal of supplementing an established, naturalized population(s) to increase natural production and harvest opportunity. 

Fall chinook.  The Yakima Subbasin Plan set a goal of 8,410 returning adults for fall chinook, with a terminal harvest of 4,709, a harvest to all fisheries of 38,304, and a spawning escapement of 4,351.  The scenario they envisioned entailed both habitat restoration and supplementation.  The supplementation program was to produce 3.6 million smolts from 1,284 adults, all of which were eventually to be made up of fish returning to the Yakima.  The smolts were to be acclimated and released from ponds to be built in the vicinity of Wapato Dam and Prosser Dam. Habitat measure included halving smolt losses through predator control, substantially reducing sediment loading by a number of measures targeting irrigation returns in the lower Yakima, and restoring full access to Wanity Slough, a 20-mile-long former side channel of the Yakima River that has been pressed into service as an irrigation ditch.

The fundamental objective of the YKFP fall chinook program is to increase natural production and harvest opportunity, subject to the usual constraints, by a combination of complementary habitat restoration and supplementation of both stocks of fall chinook.   The current fall chinook feasibility program has three main goals: to determine whether a locally-adapted broodstock can be developed, to develop an innovative rearing and release program that will enable hatchery-reared smolts to emigrate from the basin before temperatures become prohibitively high in the lower Yakima, and to determine where within the historical spawning range of fall chinook substantial increases in natural production are possible.  An answer to the latter question is critical to a future implementation phase program, because the only existing fall chinook acclimation and release site is located just below Prosser Dam in an area relatively lacking in good spawning habitat.

Like the coho feasibility program, the fall chinook program was designed to make use of and to provide input data for the EDT model.  Therefore, also like the coho program, the numerical objectives that will shortly be developed on the basis of the results of the EDT analysis will have more than the usual credibility.

Sockeye and summer chinook.  The Yakima Subbasin Plan set goals in terms of summer chinook returns, terminal harvest and spawning escapement of 11,956, 7,413 and 3,640, respectively.   The Subbasin Plan did not address sockeye.  The YKFP has also deferred action on summer chinook and sockeye until substantial progress has been made on the principle environmental factors responsible for their extirpation.  The chief obstacle to restoring summer chinook is the lethal or near-lethal water temperatures in the lower Yakima in the summer, when summer chinook smolts leave the river and adults return.  The principle obstacle to reestablishing sockeye is the fact none of the dams at the mouths of historical nursery lakes provide for either adult or, especially, juvenile passage.

The matter of passage to and from nursery lakes does, however merit some qualification.  The lack of adult fishways does not absolutely preclude reestablishment of sockeye in Yakima reservoirs, because trap-and-haul programs could be implemented fairly easily.  Smolt emigration is a considerably more difficult problem for basin reservoirs.  A five-year study by the National Marine Fisheries Service at Cle Elum Reservoir determined that smolts would not sound the 100 plus feet necessary to reach the outlet at the dam, nor would they utilize Merwin traps or a number of opened spill bays.  The depth of the outlet at Cle Elum Dam is, however, considerably greater than at any other basin dam, and it is possible that sockeye smolts would sound deep enough to reach the outlet at some other dam.  Finally, Bumping Dam spills water every year, and in considerable quantities, unlike any other basin dam.  It is quite probable that sockeye smolts would be able to emigrate from Bumping Lake.

ONGOING RESTORATION ACTIONS AND ACCOMPLISHMENTS

Habitat


Bypass systems and Fishways

The 1982 Columbia River Basin Fish and Wildlife Program included a program to retrofit a large number of obsolete and deteriorating fish passage facilities (fish ladders and fish screens) on irrigation diversions in the Yakima Basin. To date, ladders and screens have been constructed at the following major dams and canals: Horn Rapids, Prosser, Sunnyside, Wapato, Roza, and Easton.  In addition, fish ladders and screens have been constructed at a number of medium-sized diversion dams and canals, including Toppenish-Satus, Cowiche, Wapatox, Ellensburg Town Ditch, and Westside.  

A “phase 2” passage program, the retrofitting of passage facilities at over 60 smaller diversions, was included in the 1987 revision of the Fish and Wildlife Program.  Unfortunately, the phase 2 program targets only tributaries that currently support populations of anadromous salmonids, omitting a fair number of tributaries historically used by salmon and steelhead that are now completely inaccessible because of impassible diversion structures.  To provide access into blocked tributaries, the Yakama Nation has funding from a multitude of sources to restore passage, consolidate screens, and construct screens at all legal diversions.  This program should be expanded into a “phase 3 passage program”, to ensure the reestablishment of passage to all tributaries that historically produced anadromous fish.  Adequate funding for operation and maintenance of these fish passage facilities, and for those in phases I and II as well, will be needed in the future.

One final comment in the area of fishways and smolt bypass systems should be mentioned.  Very large areas of spawning and rearing habitat lie above the impassible dams that impound Keechelus, Kachess, Cle Elum, Bumping and Rimrock Reservoirs.  Opportunities to reestablish passage at these major dams must not be missed.  

Mainstem Rearing Habitat Protection and Restoration


The Yakama Nation has funding from the Bonneville Power Administration to protect and restore rearing habitats associated with the mainstem Yakima and Naches Rivers.  Primary emphasis is protecting habitat through fee-simple acquisition, in five discrete alluvial reaches that fish managers believe provided a large portion of the rearing habitat.  These reaches are characterized by groundwater upwelling zones formed by anticlinal ridges.  Habitat restoration activities, including levee relocation and removal, fence livestock exclosures, and revegetation are also included as project options.  


The Bureau of Reclamation (BOR) also has funding under the Yakima River Basin Water Enhancement Legislation for purchasing productive rearing habitats in five key reaches of the mainstem Yakima and Naches Rivers.  To date, the BOR’s efforts have been focused on purchasing lands that also hold water rights.  


Tributary water assessments, landowner education and restoration

The Yakama Nation has funding from the eastern Washington Regional Fisheries Enhancement Group and the Governor’s Salmon Recovery Office to conduct a landowner outreach and watershed assessment in several small water courses that once served as productive rearing habitats.  Today, irrigation withdrawal, suburban development, livestock grazing and improperly designed screens have drastically reduced the contribution of these systems provide to watershed production.  Restoration specialists are now educating private landowners and others on proper streamside management.  Restoration plans are being written, which will be implemented in the coming years as funding is available.  


Surface and Groundwater Interaction Studies

Basin managers are contracting with the University of Montana, Flathead Biological Station to assess surface/groundwater interactions in relation to aquatic ecosystems and salmon habitat restoration in five floodplain reaches of the Yakima Basin.  The study intends to assess how badly these critical reaches have been damaged by the legacy of flow regulation and pollution in the river.  The study will demonstrate the extent of biophysical disconnection of the river and its key floodplain reaches, and provide scientific rationale for restoring floodplain function to these damaged habitats.

Miscellaneous Smaller Programs


The Naches Ranger District of the Wenatchee National Forest is conducting a long-term riparian and habitat restoration project on the Little Naches River, which has suffered considerable damage from dispersed recreation.  Other projects administered by various agencies entail cooperative work with private landowners on road maintenance and abandonment plans in various watersheds, and the Yakama Nation is replacing or improving culverts which restrict passage on Reservation streams.

Production

Upper Yakima Spring Chinook Supplementation.  

One of the major goals of the current spring chinook program is to increase natural production by outplanting hatchery-reared smolts.  To this end, hatchery smolts are not simply released from the hatchery.  Rather, they are first transported to a series of three off-site rearing complexes distributed within the historical spawning area and “acclimated” for a minimum of six weeks.  These acclimation complexes contain raceways that are essentially identical to the raceways at the Cle Elum hatchery.  “Acclimation” consists of an opportunity for the fish recover from the stress of transport and to imprint on the unique odor of the local water source.  In mid March, the screens that confine smolts to the acclimation raceways are removed, and the smolts are allowed to exit the ponds on their own volition, when they are ready to migrate.  The purpose of these measures is to induce the fish to return as adults to the vicinity of the acclimation sites, where they will spawn naturally. 

The spring chinook program, as well as all other programs developed under the YKFP, are nested experiments.  The top level experiment is a test of whether artificial production can be used to increase natural production and harvest opportunity without adversely affecting either the target stock or non-target stocks in the same area.  Nested within this overarching experiment are a large number of sub-experiments in the areas of natural production and the impact of fluctuating environmental conditions on natural production, harvest, genetics, ecological interactions and innovative rearing and release techniques.  Although far too numerous to summarize here, one sub-experiment in the area of innovative rearing and release techniques must be mentioned because the entire program has been sized to investigate it.  Specifically, it has been hypothesized that smolts reared under "semi-natural conditions" will have a higher smolt-to-adult survival rate than smolts reared under "optimal conventional conditions".  Fish in the semi-natural treatment (SNT) are reared in raceways incorporating features resembling the natural environment.  These naturalistic features include raceways painted to resemble local stream bottoms, floating overhead cover, mid-water cover (suspended Christmas trees) and a mid-water food delivery system.  Pending results of ongoing tests of the efficacy of predator avoidance conditioning trials, the SNT treatment in the future may also entail exposing fish to a controlled series of interactions with mergansers, with the intent of heightening their wariness of piscivorous birds and thereby lessening their likelihood of falling prey to them.  The "optimal conventional treatment" (OCT) represents a control for the SNT treatment and allows extrapolation of relative SNT/OCT performance in the Yakima to other basins with a history of hatchery outplants.  The OCT treatment includes none of the naturalistic features of the SNT, but does incorporate such state-of-the-art cultural techniques as low-density rearing, matching the growth pattern of hatchery fish to that of wild fish, factorial crosses during spawning to maximize the genetic variability of the progeny, collecting broodstock throughout the run in proportion to their abundance, and the requirement that broodstock include no first generation hatchery fish.  The SNT treatment also includes these features.
The spring chinook program will also include habitat restoration actions intended to enhance the effectiveness of the current supplementation measures.  To some degree, certain aspects (e.g., release timing) of the supplementation program will probably also be altered to complement habitat restoration actions, or simply to adapt to a deeper understanding of local spring chinook ecology.

All facilities necessary to the operation of the upper Yakima program were completed by 1999.  These facilities include an adult collection and monitoring facility at Roza Dam, a central production facility at Cle Elum, three acclimation/release sites in the upper Yakima (Clark Flat, RM 168, Yakima River; Easton, RM 201,Yakima River; and Jack Creek, RM 5.9 North Fork Teanaway River), and adult and juvenile monitoring facilities at Prosser dam.  Broodstock was first collected in 1997 and the first smolt release was made in 1999.  At the time of this writing, smolts from the '98 brood have been released, fry from the '99 brood have been ponded and the '00 broodstock are being collected.

The upper Yakima program is intended to produce 810,000 smolts from ~540 adults.  Due to the need to contain risk in the initial year of hatchery operation (’97 brood), a small recruitment from the record low spawning natural escapement of 1995 (’98 brood), and an unprecedented proportion of jacks in the ’99 brood, the program has not yet been operated at full capacity.  It is expected that the 2000 brood will be the first time that sufficient adults will be collected to run the program at capacity.  

A full description of the production and experimental goals of the project is presented in Busack et al, 1997.  A partial list of the project's accomplishments to date may be found in the previously submitted BPA 2001 Project Proposal for the Yakima Klickitat Fisheries Project.  This information can be viewed on the BPA website.

The upper Yakima spring chinook program has been described in considerable detail because it is most fully implemented and because it is the template which subsequent programs will follow.  Similarities between the current spring chinook program and future programs include the following elements:

· All will be designed as experiments with defined statistical power.

· A major goal will be the attempt to use artificial production to increase natural production and harvest opportunity.

· This goal will be conditioned on preservation of the genetic integrity of the targeted stock and keeping adverse ecological impacts to non-target stocks within acceptable limits.

· Innovative rearing and release treatments and OCT-like controls will likely be incorporated in programs targeting other stocks, although the specific emphasis of the innovative “test” treatment may not be semi-natural rearing as it is for spring chinook.

· Complementary habitat restoration is very likely to be combined with supplementation in all YKFP initiatives.

Yakima Fall Chinook
The current fall chinook program consists of the final rearing, acclimation and release of 1.7 million smolts from the Little White Salmon National Hatchery, provided under the John Day mitigation program.  Since 1994, rearing, acclimation and release of fall chinook smolts has occurred at rearing ponds and raceways located just below Prosser Dam. Prior to 1994 smolts were transported to the Yakima and released immediately.  A growing component of the fall chinook program is the collection of mainstem and Marion Drain stock adults, the spawning of these fish at the Prosser Dam Hatchery, and the acclimation and release of the resultant smolts from acclimation facilities at Prosser and alongside Marion Drain. 

As it is the ultimate intention of the fall chinook program to develop a locally adapted broodstock, the importation of exogenous Little White Salmon Hatchery fish will cease when sufficient broodstock can be reliably collected in numbers sufficient to meet broodstock needs.

The fall chinook feasibility program resembles the spring chinook program in that it also includes an innovative rearing and release strategy.  A preliminary EDT analysis (Hubble 1998) suggested that the major factor limiting production of fall chinook in the Yakima Basin is lethal or near-lethal water temperatures in the lower Yakima.  These excessive temperatures often occur well before the majority of smolts have left the basin.  Accordingly, the YKFP is testing the feasibility of advancing smoltification in fall chinook such that active migrants of appropriate size can be released in mid April instead of late May, thereby making it much more likely that a substantial proportion of a release will be able to pass through the lower Yakima before temperature becomes prohibitive.  Development of the test group is accelerated by incubating eggs in well water instead of the much colder river water used on the controls.  Test fish therefore hatch and are ponded before controls, where they are again exposed to warmer well water and fed at higher rates.  The control group is incubated and reared in river water and fed at lower rates consistent with rearing temperature.  The test group is released the third week of April; the controls are not ready for release until the third week of May. 


An additional goal of the fall chinook program is to identify portions of the basin in which increased natural production is possible.  It is suspected that conditions in parts of the lower Yakima are such that fall chinook do not emerge early enough and/or grow rapidly enough after emergence to smolt before temperatures in the lower river become lethal. Future acclimation facilities must not be located in such areas.  To gather data bearing on this issue samples of wild juveniles are collected at a large number of sites throughout the lower Yakima, and the size, growth rate and relative abundance of fall chinook juveniles are tracked through the season.  Areas in which fish are still abundant and have not attained smolt size by mid June, when temperatures in the lower river are usually excessive, are considered unlikely to support additional natural production.


Yakima Coho

The ongoing Yakima coho feasibility program has the following elements:

· The acclimation and release of 500,00 smolts from two sites on the upper Yakima and 500,000 from two sites on the Naches River.  Half of the upper Yakima fish are released from a pond near Easton, at RM 201, and half from a disconnected bend of the Yakima River near Cle Elum, since retrofitted with a juvenile fish ladder, at RM 184.  Half the Naches fish are acclimated and released from an impounded side channel on the lower Naches (RM 5), and half from an impounded side channel on the upper Naches (RM 27).  Half the upper Yakima and half the Naches fish are released in the first week of May, and the other half the last week of May.  This protocol represents a factorial study of smolt-to-adult survival and the survival of smolts from release sites to Prosser Dam and McNary Dam, in which the treatments are basin of release and release time.

· Returning hatchery coho adults have been captured at Prosser Dam since 1997 and spawned and reared to smolt at the Prosser Hatchery.  

· Beginning with the 1999 brood, all hatchery coho released in the basin are coded wire tagged to allow natural smolt production to be estimated at the smolt trap at Prosser Dam.

· One hundred coho adults are radiotagged and released at the adult trap at Prosser Dam throughout the spawning run and then tracked through December to determine precisely the areas in which natural spawning is occurring.

· Coho adults are captured at the adult trap at Prosser Dam and transported to blocked-off side channels and allowed to spawn.  The resultant redds are then capped and egg-to-emergent-fry survival determined.

· Juvenile traps are installed in on tributaries in which spawning has been documented and electrofishing and beach seining is conducted throughout the basin and throughout the year, to determine the timing of seasonal migrations of pre-smolts and habitat types and reaches favored by naturalized coho juveniles in the spring and winter.  These measures are taken to identify essential features of the life history of the naturalized population being established.

Collectively, these measures are intended to determine whether it is possible to reestablish self-sustaining, naturalized coho populations in the basin, and if so, precisely how this goal may be most efficiently attained.  As previously mentioned, all the actions are also intended to generate critical information easily incorporated into the EDT model for Yakima coho.  The EDT model will then be used to estimate the carrying capacity, productivity and life history diversity of the emerging naturalized populations.  Permanent acclimation facilities in a future implementation program will be located in specific locations partly on the basis of this EDT analysis.


Yakima Steelhead

Currently, the only enhancement initiative targeting Yakima steelhead is the kelt reconditioning program previously mentioned.  Under this program, spawned-out steelhead are collected at the Prosser Dam smolt trap and nursed back to health in large circular ponds at the Prosser Hatchery.   The following spring, survivors are released at Prosser Dam and allowed to migrate into their natal drainage to spawn again.  This program has virtually no down side, as an extensive analysis of scales taken from wild adult Yakima steelhead indicated the incidence of repeat spawners is extremely low (Hockersmith et al 1996).  

STRATEGIES AND MEASURES FOR IMMEDIATE IMPLEMENTATION

Habitat


I.  Water Quality

A. Excessive Water Temperatures.  Excessive water temperatures in the Yakima mainstem below Sunnyside Dam, and in the lower reaches of a number of important steelhead tributaries (e.g., Satus and Toppenish Cr), is clearly the worst water quality problem in the basin, and among the worst in any category.  The primary cause of this problem is the greatly reduced frequency and magnitude of spring floods which, in turn, is primarily due to capture of spring runoff in storage reservoirs and a lack of connectivity between the river and its floodplain.  Irrigation withdrawals and reduced instream flow, warm irrigation return flows, and the removal of riparian vegetation play lesser roles in the mainstem Yakima, but dominant roles in smaller tributaries.   Other tributary streams with summer temperature problems include Swauk Creek, Teanaway River, lower Big Creek, lower Taneum Creek, Naneum Creek, Wilson Creek complex, Cowiche Creek, Rattlesnake Creek, Little Naches River and Ahtanum Creek.  Tributary temperature problems typically are due to reduced riparian vegetation, water withdrawals, sedimentation and roads.   

Substantially resolving this problem in the lower Yakima mainstem will be difficult because irrigated agriculture, the economic foundation of the basin, is based on capturing the very same runoff that formerly infiltrated shallow aquifers and provided the cool baseflows in the summer.  Substantially reconnecting the floodplain to the river will also be difficult, because of the intense agricultural development in the area, as well as the existence two substantial towns, Wapato and Toppenish, that are located well within the historical floodway.  In this light, it is reasonable to propose a provisional strategy of creating a series of closely-spaced  "thermal refugia" extended from Sunnyside Dam to the Columbia confluence.  This strategy, in conjunction with an effort to lower temperatures of major lower Yakima tributaries and reduce the discharge of major irrigation returns, is an appropriate intermediate objective.  Achieving it will require collaboration between state and federal resource agencies, irrigation districts, and private landowners.   

Measures for Immediate Implementation
1. Reconnect the river to its historic floodplain by purchasing or leasing land in optimal locations.  A combination of EDT modeling, empirical hydrological data, and estimates of the size and distribution of thermal refugia likely to be created will identify these locations.   Where feasible, remove dikes that restrict floodplain function and connectivity. 

2. Implement a study to determine efficacy of charging the aquifers underlying large irrigation delivery systems near the river with water diverted from the river during high-flow periods in the winter.  The hypothesis behind this experiment is that this artificial measure will partially substitute for the historical storage of cold runoff in hyporheic reservoirs and shallow floodplain aquifers.  It is plausible that recharging aquifers relatively near the river with a smaller amount of colder water earlier in the year would have a thermal impact in the summer similar to the historical recharging of aquifers closer to river with a larger quantity of warmer water later in the year. 

3. Utilize Forward Looking Infrared Imagery (FLIR) to identify and enhance existing thermal refugia in appropriate mainstem and tributary reaches.

4. Investigate the possibility of reconnecting historical side channels in the vicinity of the city of Yakima and the towns of Wapato and Toppenish as flood control measures.  If substantial side channels were reconnected to the river, conveyance capacity in the affected reaches would be greatly increased and the frequency of flooding outside the expanded channel network would be decreased.

5. Support efforts to modernize on-farm irrigation practices, provided the majority of the saved water is used to augment instream flows and the volume of irrigation return water is reduced.

6. Accelerate efforts to restore riparian habitat throughout the basin but especially in Satus and Toppenish Creeks.  

7. Support efforts to resolve impacts from floodplain gravel mining.  

8. Support efforts to restore riparian vegetation throughout the basin but especially in tributaries such as the Satus and Toppenish watersheds by eliminating overgrazing in riparian areas (fenced exclosures, land purchases).  

9. Support efforts to restrict riparian vegetation removal in riparian areas from logging, residential and recreational development, grazing and road building. 

10. Fund staff adequate to monitor compliance with Endangered Species Act, Clean Water Act, State Water Rights and other pertinent land use codes.  

11. Implement a broad educational effort. 

B. Sediment Loading.   In addition to the serious thermal pollution problems referred to, irrigation return flows also contain heavy silt loads and high concentrations of agricultural pesticides.  An aggressive water conservation program needs to be implemented in order to reduce silt loads entering the Yakima River, particularly below Sunnyside Dam.  Water conservation will help reduce the introduction of agricultural chemicals into the Yakima River, as well as help reduce water temperatures, provided that the saved water is dedicated to instream flows.

Overgrazing in riparian areas and wet meadows, construction of recreational and residential homes, mining, drainage from forest roads and timber harvest continues to cause sedimentation problems in streams, elevates water temperatures, and reduces instream flows.  These impacts are especially noticeable on many tributary streams.  Grazing in riparian areas and wet meadows should be properly managed, adequate forest road and timber harvest management plans should be developed and implemented, and home construction in riparian areas should be regulated in a manner to prevent impacts to fisheries habitat.

Measures for Immediate Implementation

1. Support efforts to modify or restrict land management practices (i.e. grazing, mining activities, timber harvest and residential development) that can degrade riparian and floodplain functions. 

2. Fund staff adequate to monitor compliance with Endangered Species Act, Clean Water Act, State Water Rights and other pertinent land use codes.  

3. Support efforts to modernize on-farm irrigation practices, provided the saved water contributes toward a normative flow regime.

II.  Restoring a More Normative Hydrograph. 

The agriculturally-timed release of water from storage reservoirs is almost the opposite of a natural hydrograph and is therefore, to one degree or another , incompatible with optimal survival of salmonids at virtually every life stage.  All measures that tend to move the hydrograph toward a more normative pattern should be investigated.  

Measures for Immediate Implementation
1. Implement study to determine effect river regulation has had on river ecology, and evaluate alternative management strategies.  

2. Investigate alternatives to flip flop that are beneficial to river ecology.  

3. Develop flow curves that provide reach-specific flows that maintain off-channel rearing habitat.  

4. Implement a study to evaluate BOR's operations impact on egg to fry survival.  

5. Reconnect side channels, move toward normative flow in the mainstem and restore access to tributaries.  

6. Investigate the efficacy of reconnecting side channels and irrigation ditches for juvenile rearing habitat.

7. Continue to make experimental releases and to analyze appropriate data to determine empirically optimal smolt flushing flows.

8. Evaluate the effects of land management (i.e. logging) on peak and base flows in tributary streams.  Modify/restrict management activities that are causing detrimental flows.

9. Eliminate critically low and fluctuating flows below Roza and Prosser Dam by subordinating hydropower diversions to optimal instream flow requirements.  The hydropower facility at Wapatox Dam should be retired and all flows historically diverted there used to bolster instream flows.

10. Strongly urge the Bureau of Reclamation to begin construction of a river re-regulating facility below Sunnyside Dam designed to preclude “water holes” by releasing water from an abandoned gravel pit sufficient to maintain flows below the dam at 300 cfs for a number of days.

III. Habitat Structure

A. Riparian Vegetation and Large Woody Debris

Much of the riparian vegetation in the Yakima Basin has been removed.  This has resulted in drastic reduction in the recruitment of large woody debris to the streams.  Large woody debris (living and dead large trees) should be retained in the riparian zone, and where necessary, large woody debris should be placed in the streams to provide urgently needed rearing habitat.


Measures for Immediate Implementation

1. Support efforts to eliminate grazing impacts.  

2. Support efforts to restrict activities that remove vegetation from riparian areas. 

3. Fund staff adequate to monitor compliance with Shoreline Management Act, Forest Practices Act, and County/City Critical Areas Ordinances.  

4. Guided in part by the results of EDT modeling, add appropriate amounts of large woody debris in reaches judged to be deficient.  

5. Accelerate efforts to restore riparian habitat throughout the basin.  

6. For those levees that must remain in place, implement enhancement efforts to improve habitat function. 

B.  Floodplain Development

Residential and agricultural developments in the floodplain, streamside roads and diking have resulted in the loss of side channels, reduction of floodplain function, and habitat simplification.  Riparian and floodplain activities should be restricted by strict application of appropriate city, county, state and federal regulations (Growth Management Act, Shoreline Management Act, Endangered Species Act, and the Clean Water Act).  Where current regulations are insufficient to provide properly functioning conditions, identify the inadequacies and seek to amend the regulations.  In addition, side channels should be reconnected to the river, overflow channels breached where appropriate, and riparian vegetation should be restored.

Measures for Immediate Implementation
1. Guided in part by the results of EDT modeling, purchase floodplain and side channel habitat in critical areas.  

2. Guided in part by the results of EDT modeling, restore floodplain connectivity through installing culverts, breaching and/or relocation of levees, roadways, and other hydraulic blockages.  

3. Establish and maintain adequate funding for operation and maintenance of habitat acquisitions and restoration projects. 

4. Establish and maintain adequate funding to evaluate, monitor and respond to land management activities (i.e. timber harvest, residential development, grazing, roads) that can degrade riparian and floodplain functions.

5. Work with other managers to ensure that adequate beaver populations are maintained in suitable reaches.  

IV.
 Habitat Access
Virtually all of the fish passage problems on the mainstem Yakima and Naches River have been corrected, with the significant exception of providing for adult and juvenile access above major irrigation dams (especially Rimrock, Keechelus and Cle Elum Dams, which block access to many miles of good to excellent habitat).  However, even after the construction of the Phase II fish passage facilities referred to above, many fish passage problems will remain on the tributaries.  These should be addressed through a Phase III screening and passage project.  

Measures for Immediate Implementation

1. Work with other managers in the basin to ensure that the Keechelus Dam reconstruction effort includes adequate adult and juvenile fish passage.  

2. Work with other managers in the basin to provide adequate adult and juvenile fish passage at Cle Elum, Bumping, Rimrock and Kachess Dams.  

3. Inventory the unscreened irrigation diversions and impassable structures, that are in direct violation of existing state statutes requiring installation of fish passage and screening structures in all food fish streams.  

4. Continue funding the BPA project titled "Reestablish Safe Access into Tributaries of the Yakima Subbasin", to redress the inventoried barriers and unscreened diversions.  

Production


Overview.  The YKFP anticipates that most enhancement programs in the basin will entail a combination of supplementation and habitat restoration.  A measure of supplementation is expected because, while the capacity of the river system is clearly quite large, its productivity is equally clearly quite low.  A combination of high carrying capacity and low productivity is the ideal scenario for supplementation.  The YKFP plans to develop a series of stock-specific supplementation programs bolstered by habitat restoration.  The habitat projects would, for instance, restore access to formerly inaccessible habitat or increase carrying capacity by reconnecting large quantities of critical habitat for a "limiting life stage" in the targeted watershed.  A fairly long period of complementary supplementation and habitat restoration can be expected.  Ultimately, habitat restoration work will be effective enough that a point of diminishing returns will be reached, at least in terms of the production of NOR’s.  It will be appropriate at this point to re-define the mission of the project.  

Spring chinook.  The spring chinook strategy has three elements: criteria for initiating enhancement program on the Naches and American stocks, criteria for changing the current experimental treatment alternatives, and implementation of complementary habitat restoration measures.  

The major elements of the current spring chinook strategy include the following items:

1. The decision to proceed with an active Naches or American River supplementation program will be based upon a number of factors.  These factors include: the results of EDT modeling, the practicability of identifying individual Naches and American River fish to stock using microsatellite DNA, the development of production facilities, and the success of the upper Yakima program.  

2. Habitat work will proceed on a priority basis, partly guided by the results of EDT modeling, hydrological analysis, and empirical observations.  

3. Adaptive management drives the experimental treatments under the YKFP.  Therefore, as warranted by the monitoring and evaluation program, rearing strategies, including release timing can be expected to change as new treatments are identified.  

                      Measures for Immediate Implementation

1. Continue funding of ongoing YKFP spring chinook supplementation and research project in the upper Yakima.

2. Continue to develop reliable methods of determining genetic stock origin of individual fish using DNA analysis.

3. Determine methods of enhancing Naches and American stocks of spring chinook utilizing EDT modeling and results of YKFP research.  This includes both habitat and production/supplementation measures.

Fall chinook.  The fall chinook program entails enhancement of both the mainstem and Marion Drain stocks.  The enhancement program for each stock will be guided by EDT modeling and ongoing feasibility studies. Because the productivity of the existing stocks are low, primarily due to a negative synergism between water temperature and predation, supplementation is likely to play a large role in a fall chinook program.  Stock-specific details will include location of acclimation and release facilities, brood stock collection facilities, release numbers, and release timing.  

                     Measures for Immediate Implementation

1. Continue funding for ongoing YKFP fall chinook supplementation and research project at the Prosser facility for lower mainstem fall chinook and at Marion Drain facility for that stock.

2. Develop reliable methods of genetic identification of individual fish using DNA analysis.

3. Develop methods of collection of adult fall chinook salmon.

4. Determine optimum sites for acclimation of smolts to maximize adult return to appropriate spawning areas. 

5. Use EDT modeling and ongoing research to develop methods of optimizing survival of outmigrating smolts.

Coho.    Complete ongoing coho reintroduction feasibility studies.  Use EDT modeling and ongoing feasibility studies to determine final coho program specifics.  These specifics would include location of acclimation and release facilities, brood stock collection facilities, release numbers, release timing, and optimal donor stock.  

                    Measures for Immediate Implementation

1. Continue funding for ongoing YKFP coho reintroduction feasibility studies.

2. Complete EDT model and utilize it to develop habitat and production/supplementation measures that will restore coho salmon populations in the Yakima subbasin.

3. Develop coho broodstock collection facilities.

4. Continue development of locally adapted coho broodstock program.

5. Determine appropriate site(s), design, and construct coho supplementation production facilities.

6. Determine appropriate sites, design, and construct smolt acclimation facilities to maximize adult returns to spawning and rearing areas of subbasin.

7. Determine donor stock (or mix of stocks) to optimize production of coho populations in the Yakima subbasin.

8. Implement habitat and passage measures to open appropriate habitat for coho salmon production.

 Summer chinook.   Successful reestablishment of summer chinook presupposes some decrease in peak summer water temperatures in the lower Yakima River.  Therefore initial efforts for this stock will focus on establishing normative temperature conditions.  Since there are currently no summer chinook left in the Yakima River system, any future program would utilize an appropriate out-of-basin stock (i.e. Wenatchee River summer chinook) to provide broodstock to start the run.  Once reestablished, the broodstock will be acquired from locally adapted adults returning to the Yakima system.

                    Measures for Immediate Implementation

1. There are no immediate production implementation programs for summer chinook in the Yakima.

2. Implement all habitat related projects that would lead to improving temperature problems in the Lower Yakima subbasin.

Sockeye. Reintroduction of sockeye also presupposes elimination of a critical limiting factor: smolt emigration from the existing storage reservoirs.  Sockeye reintroduction efforts should initially focus on establishing adequate smolt passage out of the irrigation reservoirs.  Fish passage facilities for both smolts and adults should be designed and constructed on appropriate irrigation storage reservoir facilities.

                    Measures for Immediate Implementation

1.  There are no immediate production implementation programs for sockeye in the Yakima.

2.  Implement programs to design and construct juvenile and adult fish passage facilities on all appropriate dams in the Yakima subbasin. 

3. Implement all habitat-related projects that would lead to improving temperature problems in the Lower Yakima subbasin.

Lamprey. A program to restore lamprey should be developed by the fishery managers.  This program should be under the overall leadership of the tribes.

                    Measures for Immediate Implementation

1.     Develop and implement program to determine the feasibility of rebuilding lamprey populations in the Yakima subbasin.
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� The new ladder passes fish whether the pool is up or down.


� The Bureau of Reclamation has recently attempted to minimize this problem by conducting their maintenance with the pool only partially drawn down.


� The Bureau of Reclamation has, however, recently attempted to minimize the impact in the Cle Elum by holding flows at levels sufficient to prevent side channel de-watering whenever storage is sufficient to meet anticipated irrigation demand. 


� The Bureau of Reclamation has also attempted to reduce the impact associated with flip-flop by extending the duration of the flow change from 3-5 days to 10 days or more. 


�The Yakima/Klickitat Fisheries Project is a major element of the Northwest Power Planning Council’s (NPPC) Fish and Wildlife Program. The project co-managers are the Yakama Nation (lead agency), the Washington Department of Fish and Wildlife (WDFW),  and Bonneville Power Administration (BPA). 


�Natural production is defined in terms of “natural origin recruits” (NOR’s), returning adults that are the progeny of fish that spawned in the wild. 


�Supplementation is “the use of artificial propagation in an attempt to maintain or increase natural production while maintaining the long term fitness of the target population, and keeping the ecological and genetic impacts on nontarget populations within specified biological limits.” (� TA \c 1 \s "RASP, 1992" \l "Regional Assessment of Supplementation Planning (RASP). 1992. Supplementation in the Columbia River Basin, Parts 1-5. Report, Bonneville Power Administration."�� TA \s "NPPC, 1990"�RASP 1992) 


�For spring chinook, the main purpose of the current EDT exercise is not so much to refine numerical objectives as to identify habitat actions that best complement the existing supplementation program or a slight modification of the existing program. 


�Habitat projects included restoring adult and juvenile passage in historically productive tributaries in the upper Yakima (Yakima above Easton, Cabin Cr, Big Cr, Taneum Cr, Manastash Cr, Ahtanum Cr and Logy Cr), predator control (Northern Pikeminnow), completion of the Phase II screening/fishway project, conversion of irrigation canals to off-channel winter refuges, refurbishing screens at the Wapatox diversion and subordinating diversions to minimum instream flow, and an extensive riparian restoration program including land acquisition/conservation easements, grazing management and exclosures, riparian revegetation, large woody debris placement, road abandonment and/or improvement, reconnection of floodplains, increased enforcement and restoring adult passage flows on the lower Teanaway. 


� Steelhead habitat projects were essentially identical to those for spring chinook except Teanaway flow enhancement was unnecessary (because steelhead enter during high flow periods) and several additional tributaries were targeted for enhancement work (Toppenish, Simcoe, NF Simcoe and Cowiche Creeks).


� Because strontium concentrations are higher in the ocean than in fresh water, the strontium/calcium ratio in otolith primordia of the progeny of a female steelhead will be higher than in the progeny of a rainbow trout.
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