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SUMMARY

Introduction
The Yakima Basin, Washington, historically sustained diverse and abundant salmon and

steelhead runs.  Anadromous fisheries have declined since 1900; some were lost or extirpated, due to
overfishing, habitat change or loss and many other factors both within and outside of the Basin.  The
legacy of flow alteration and irrigation diversion needed to develop the huge agricultural operations in the
Basin is of particular concern as restoration actions are considered.  Currently, runs of steelhead and
spring chinook remain the most robust runs and they are being managed for recovery per the Federal
Endangered Species Act. 

The US Bureau of Reclamation commissioned an analysis of factors contributing to the decline in
salmonid fisheries of the Yakima River.  This action was in response to a recommendation by the
Systems Operations Advisory Committee (SOAC), a group charged with developing a process for
determining biologically-based flows to mediate fisheries restoration in the river.  Herein, we summarize
and interpret scientific information about the ecology of the Yakima River ecosystem, particularly in the
context of salmonid restoration.  Our specific objectives were: 1) to review the Yakima literature and data
in light of contemporary stream ecosystem theory; 2) to determine factors that limit the restoration of
anadromous fisheries; and, 3) to identify data gaps that may be problematic for restoration in light of
findings under the first two objectives. 

This report shows that the long term success of salmon restoration in the Yakima Basin is largely
dependent upon:  1) permanent provision of a normative1 flow regime for the entire river system; and, 2)
enhancement of anadromous salmonid habitat throughout the river system.  We emphasize that these two
actions are interactive:  maintenance of riverine habitat complexity and  and, therefore, salmon and other
biota that use it, is dependent in theory and practice upon a normative flow regime.  We also emphasize
that the agricultural industry (and associated economic benefit) in this largely semi-arid catchment is
dependent upon irrigation. Although water conservation measures are inherently beneficial to increasing
instream flows and subsequently will help salmon restoration efforts, the amount of water necessary to
implement  a normative flow regime, as we have defined it, is currently unknown.  SOAC has been
charged with defining these flows, and this document summarizes background information to assist this
process even though no attempt was made herein to quantitatively answer this question.  Rather, the
report provides background, synthesis and perspective for the restoration process.  It is possible that
insufficient water is available in the Yakima Basin to implement normative flows and also provide
agricultural and other uses of river water.  That being the case, other mechanisms will need to be
investigated that will assure a normative flow regime, while still providing the goods and services
provided by the river.

Methods
The review processes focused on analysis of reports and peer-reviewed literature,

coupled with interviews of scientists and managers working in the Basin.  The Yakama Nation,
Washington Department of Fish and Wildlife, U.S. Fish and Wildlife Service, Washington
Department of Ecology and the Irrigation Districts and others were contacted.  We conducted
literature searches of university libraries in the region and a working bibliography was compiled
on the website of the Flathead Lake Biological Station (www.umt.edu/biology/flbs).  A review 

1Throughout this report we use the term “normative flows” to mean river flows that provide enough habitat
to sustain or expand populations of anadromous salmonid fishes in all life history stages (Independent Scientific
Group 1999).
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draft of this report was posted on the FLBS website and presented in a public forum (December
2000).  Written comments were elicited and received.  All comments were carefully considered,
the information re-examined and changes and additions made as deemed necessary by the
authors of this report. 

Scientific Context
Yakima River information was interpreted in the context of contemporary stream

ecosystem theory, which emphasizes the changing interaction of the physical, chemical and
biological components of the rivers in four dimensions: longitudinal (headwaters to mouth);
vertical (circulation of water into the bed sediments); and, horizontal (circulation of river water
onto flood plains)—all three of which change through time.  Flood plains located on aggraded
segments maintain a highly diverse and productive biological community, including resident and
migratory species.  Indeed, aggraded river segments are regional hot spots of biodiversity
(richness or abundance of species of plants and animals).  Many species are supported by the
continually shifting habitat mosaic that is mediated by the process of cut (erosion) and fill
(deposition) alluviation as flooding and sediment deposition forces the channel to move or
meander across the flood plain, creating new disturbed patches for colonization.  In essence, the
shifting habitat mosaic is a dynamic template that allows many species to co-exist.  In addition,
flood plains are giant retention devices for flood waters that maintain baseflow during the drier
and hotter parts of the growing season.  They act as the flywheel on the regional “engine” or
river ecosystem, providing a cool supply of groundwater to sustain baseflow when snowpack
derived runoff ceases.  Moreover, the flood plains attenuate, recycle, retain and transform
pollutants carried by the river system.  Hence, the basis of a normative habitat condition is
enough channel and riparian or flood plain “connectivity” to create and maintain quality habitat
that sustains each life history stage of the various salmonid species that occur in the river system. 

Results
Our review showed that the mainstream flood plains of the Yakima Basin are extensively

altered and disconnected by human activities, to the extent that salmon habitat has been
substantially degraded.  River ecosystem theory strongly infers that the key aspects of salmon
restoration in the Yakima are protection of existing high quality habitat and restoration of
degraded habitats, particularly shallow water environments associated with the large floodplain
reaches.  Of course implementation and routine evaluation of “best management practices” to
reduce pollution throughout the river system, are also extremely important.  However, as a
bottom line, our review strongly links restoration of anadromous and steelhead runs in the
Yakima River to water management that allows a normative flow regime because good habitat,
biotic production and biodiversity, specifically including salmonid fishes, are so strongly linked
to flow dynamics.  Normative flows can potentially be achieved by rescheduling dam releases,
providing alternative water sources, purchasing instream flow rights and removing revetments,
all of which are consistent with Yakima River Basin Water Enhancement Project (YRBWEP)
objectives.  Moreover, establishing normative conditions likely will enhance the full compliment
of organisms dependant on the river-floodplain ecosystem, not just salmon and steelhead, owing
to the close tie between river biodiversity and naturally functioning flood plains.
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Implementing normative flows in the Yakima River is perhaps less problematic than
elsewhere in the Columbia River system because flooding still occurs in wet years.  Therefore,
considerable salmonid habitat remains and probably explains why some runs of steelhead and
chinook still return to the river.  This suggests that the Yakima has great potential for successful
restoration of habitat and associated fisheries.

We determined that five primary roadblocks for salmon and steelhead restoration exist in
the Yakima Basin.  These are listed below (without regard to priority) along with a brief
summary of data and observations that support listing.  Citations of these studies are contained in
the body of the report. 

Negative interactions between fish species (wild versus exotic and wild versus hatchery)   
Some 19 exotic species of fish are known in the Yakima, including brown trout, brook

trout, carp, channel catfish, bullhead, bass, crappie, bluegill, pumpkinseed, walleye and yellow
perch.  The majority of these inhabit the lower reaches.  Studies in the lower basin on
competition between exotics and native species are ongoing but current consensus is that
considerable predation and competition with the native species is occurring.  

Likewise, research in the upper basin has shown that hatchery-reared steelhead may
residualize (not go to sea) and negatively impact wild rainbow trout populations; however, they
do not appear to affect juvenile spring chinook, at least in enclosure studies.  Hatchery-reared
steelhead smolts also displaced wild O. mykiss (anadromous and potamodromous) in 79% of the
contests between the two groups, indicating that artificially produced fish can have a negative
ecological impact on wild (naturally reproducing) populations.  Rainbow trout abundance and
biomass were not negatively impacted by wild juvenile spring chinook. 

Alteration of the flow regime
Five dams store head waters for downstream release to 64 irrigation diversions.

Irrigation operations, coupled with small-scale hydropower operations at several sites, have
dramatically altered the historical (pre-regulation) flow pattern.  Nonetheless, only about one
third of the annual basin runoff is stored for flood control and irrigation use, which means that
large floods still occur.  This fact alone has likely contributed to the maintenance of a fair
amount of habitat complexity in the alluvial reaches, as noted above.  Even so, there is no
question that the water resources of the Yakima are substantially appropriated for human uses;
on drought years water abstraction has dried up some reaches of the river corridor.
Approximately 60% of the mean annual stream flow is utilized for drinking, irrigation and power
generation.  Return flow from agricultural activity contributes approximately 85% of the stream
flow to the river downstream from the city of Yakima.  The flow regime in the upper basin and
Naches River are significantly altered by the “flip-flop” regulation scheme in which the upper
basin experiences elevated base-flows during the summer, while the Naches experiences
abnormally high flows for up to two weeks in September as water is transported from headwater
reservoirs to the diversion points.  One analysis indicated that the lower river reaches below
Parker are subject to hourly changes in flow.  Rapid flow fluctuations produce a dead zone along
the shoreline of the river and in many backwaters.  While fish are found in these areas, habitat
quality is substantially reduced.  Flow fluctuations level heavy impact on juvenile salmonids that
need shallow, low-velocity habitats containing ample food, based upon the early results of the
ongoing “reaches” study.
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Impairment of water quality
Several studies documented a pattern of decreasing water quality from upstream to

downstream areas.  Water quality impairment was attributed to various factors but all related to
increasing human interaction with the river via urbanization and irrigation activities.  For
example, synoptic sampling of numerous sites throughout the basin indicated that the upper
Yakima (Cascades and Eastern Cascades ecoregions in the headwater reaches of the Yakima)
were largely unimpaired when compared to the Columbia ecoregion (downstream reaches)
where sites were generally impaired or severely impaired as measured by multiple indicators—
conditions were strongly linked to elevated nitrogen and phosphorus (causing abnormal algae
and scum growths on the river bottom) levels and pesticide pollution.  Downstream from the city
of Yakima, high levels of pesticides, like DDT, in fish tissues were reported.  These compounds
bioaccumulate and can be carcenogenic; indeed, 11 – 28 percent of fishes per site collected in a
synoptic sampling effort in the lower Yakima River between Parker and Kiona had skin lesions
and other abnormalities.  Variation in DDT concentration was correlated with suspended
sediment concentration, which has been shown to range from <1 to 490 mg/L in the lower
Yakima River.  While evidence of toxicity to salmonid fish populations was not found in the
literature, the implication of strong indirect effects on productivity through food web influences
is strong.

Alteration of the natural temperature regime
Temperatures in the river during summer are often high enough (i.e., > 26oC) to prevent

passage of cold-adapted fish, particularly in the lower Yakima River below Prosser.  At times
temperatures approach or exceed lethal levels for salmonids in the lower river.  Historically,
greater connectivity between the main channels and the large alluvial aquifers of the flood plains
likely elevated groundwater effluents that cooled the river during the summer.  However, this
relationship is only inferred, not demonstrated.  The ongoing “reaches” study is expected to
clarify important surface and groundwater interactions on temperature patterns.  Thermal
imagery indicates that some cool-water refugia exist at various points in the river, but the extent
to which this occurred in the past versus present is difficult to quantify.  Annual occurrence of
near-lethal summer temperatures from the middle reaches of the river to the mouth clearly is a
major environmental concern for salmonid fisheries research and management.  The problem is
mediated in part by low base flows that often occur downstream of the Sunnyside diversion.

Reduction in habitat heterogeneity and flood plain connectivity
Maintenance of river ecosystem integrity requires biophysical linkage in three

dimensions; longitudinal, vertical and horizontal based on contemporary scientific knowledge of
river ecosystem structure and function (summarized above).  The sum of upstream influences,
naturally-occurring and anthropogenic, influence structure and function of downstream reaches.
Similarly, groundwater connectivity and annual inundation of the flood plain maintain vertical
and lateral connectivity.  Abstraction of flow and revetment of channels reduces the exchange of
biota between channel and flood plain (riparian) habitats.  Results of ongoing research by
Central Washington University and the Flathead Lake Biological Station shows that 57 - 85% of
the flood plain landscapes of the Yakima River are disconnected from the river channel by
revetments, railroad grades, urban encroachment and other structures.  Structural obstruction,
coupled with flow diversion, has substantially severed floodplain and channel connectivity.   
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Conclusion
This retrospective analysis shows that the Yakima River is an impaired ecosystem, but it

has tremendous restoration potential.  Surprisingly resilient runs of chinook and steelhead remain
and should be very responsive to creation of normative habitat.  The ongoing “reaches” study by
FLBS and CWU is expected to provide greater resolution of normative conditions but we
emphasize that the data gaps we have identified (see next) are problematic and need to be
addressed proactively.  Implementation of normative flows and the protection and enhancement
of floodplain habitat should (1) increase the competitive advantage of native fish and riparian
plants over exotics, (2) improve water quality by providing areas of substantial river—floodplain
interaction where pollutants can be reduced and degraded, (3) improve instream temperature
regima, and (4) create the shifting habitat mosaic critical for the enhancement of salmon,
steelhead and other river biota. 

Data Gaps
Several data gaps were evident in the synthesis of Yakima data and information.  These

data gaps undermine the ability of managers to plan actions that will lead to creation of
normative flows.  They are: (1) lack of rigorous sediment, water and temperature budgets; (2)
limited understanding of juvenile salmonid habitat requirements; (3) the relative importance of
top-down (e.g. predation and competition) versus bottom-up controls (e.g. food availability and
habitat suitability)  on salmonid productivity and distribution; (4) lack of information on ground
water-surface water interactions (currently being studied by FLBS and CWU); and (5)
information on catchment level controls such as the historic versus current disturbance regime,
nutrient spiraling in relation to historic salmon returns, rates of metabolism, trophic structure and
function and decomposition rates.

Prioritization of Reaches
A large issue is where to begin restoration of damaged habitat by reconnection of channel

and flood plain environments.  We were asked as a part this synthesis to prioritize reaches for
restoration investment under the premise that mainstem habitat damage is most problematic for
restoration of runs.  The flood plains of the Yakima and Naches are substantially constrained by
highway and railroad berms (including associated gravel pits) and other encroachments.  We
concluded that restoration potential is highest on the Union Gap Flood Plain (Naches
confluence to Union Gap), because the amount of land needed for full flood plain restoration is
clearly delineated and has a fair amount of intact habitat, habitat forming floods naturally occur
in this reach, willing sellers exist for most of the needed land, opportunities for revetment
removal (related to Corps of Engineers guidelines for re-construction of aging or misplaced
revetments) are clear and head cutting associated with channel capture of gravel pits likely can
be managed.  Moreover, the reaches study has documented considerable use of flood plain (off-
channel) habitats by juvenile salmonids in this area, although this phenomenon was observed on
all the reaches studied.  
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INTRODUCTION

The Yakima River, like the rest of the Columbia River Basin, has experienced a significant

decline in anadromous fisheries during the last century (Northwest Power Planning Council

1986; Nehlsen et al. 1991).  The numbers of returning salmon and steelhead to the Yakima River

system declined from several hundred thousand to 3,300 in 1995 (Embrey and Watson 1992;

USBR 1999).

The Bureau of Reclamation’s Yakima River Basin Water Enhancement Project

(YRBWEP) is tasked with improving flow and habitat for Yakima Basin’s remaining

anadromous fishery through partnerships.  These partnerships include water conservation with

willing irrigation districts and water rights and floodplain habitat acquisition from willing sellers.

On a separate track, the Systems Operation Advisory Committee (SOAC) developed a process to

determine biologically-based target flows for the Yakima River, based upon the needs of the

fishery, which was intended to enhance and restore habitat for anadromous salmonids (SOAC,

1999).  YRBWEP, after review of the SOAC proposal, agreed to fund and complete a review

and synthesis of existing ecological studies for the Basin.  The impetus for YRBWEP was to

obtain a baseline of scientific information from which YRBWEP Program decisions could be

made and to identify data needs and remedial measures having the best chance of success in

improving the anadromous fishery.

The Flathead Lake Biological Station of The University of Montana was commissioned

to do this “synthesis” study.  Our objectives were to:  (1) analyze written information in the

context of contemporary stream ecological theory, (2) identify factors likely limiting salmonid

production, (3) determine river reaches critical for salmonid production, and (4) identify any data

gaps evident from the literature on the Yakima Basin.  
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We recognized at the outset that a large body of research that has been conducted on the

Yakima Basin, although very little of it has been published in scientific journals or books.

Therefore, a primary task was to create a working bibliography upon which this report is based.

Our complete working bibliography is posted at www.umt.edu/biology/flbs, of which only a

portion is used in this report.

METHODS

Both peer-reviewed and unpublished literature on the biology and ecology of the Yakima

River were located and reviewed.  Sources included the Flathead Lake Biological Station, U.S.

Bureau of Reclamation (USBR) field office in Yakima, Central Washington University (CWU)

Library, CWU Department of Geography and Land Studies and the Bonneville Power

Administration (BPA) Library.  Several databases were searched in order to identify primary

literature written on the Yakima River Basin.  Specific search engines included BIOSIS,

GeoRef, Marcive Web DOCS and Research Library Periodicals.  We also were in contact with

various organizations and agencies within the basin, including the Yakama Nation (YN),

Washington Department of Fish and Wildlife (WDFW), U.S. Fish and Wildlife Service

(USFWS), Washington Department of Ecology (DOE) and the irrigation districts through Pat

Monk.  Our goal was to establish a library of this literature at Central Washington University,

which is available to any interested parties.  The bibliography of this collection can be examined

until 2002 on the web page constructed and maintained by the Flathead Lake Biological Station

(www.umt.edu/biology/flbs “Yakima Research”).  However, literature cited in this report

includes only those documents that we felt to be most relevant to synthesis of riverine biological

integrity with regard to within-basin factors regulating salmon and steelhead production.  Also

http://www.umt.edu/biology/flbs
http://www.umt.edu/biology/flbs
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included are those papers that establish the importance of the ground water/surface water linkage

to factors influencing salmon and steelhead production. 

Our analysis was limited to those documents that were procured as described above.

Therefore, our conclusions were dependent on the quality of data presented in these documents

and publications.  We found only 12 peer-reviewed, journal publications related to the ecological

integrity of the Yakima River.  We also relied heavily on 17 technical reports by agencies such

as the USGS and USFWS, as well as 8 Masters of Science theses, that were at least extensively

reviewed within the respective agency or university.  Although limited, the juried literature is

relied upon heavily in our interpretations as it represents the best scientific standard available,

even though peer-reviewed publication does not guarantee accuracy of the data or

interpretations.  Secondary dependence was placed on university theses, which often are rigorous

treatments of data and usually are formally defended before an audience of faculty and peers and

technical reports that are peer reviewed within the respective agency.  Tertiary priority was

accorded reports and white papers.  This is not to say that any particular report was inaccurate or

incomplete, but judgement of unpublished reports nonetheless was left to us by default.  We

depended upon peer review of this document to correct errors of judgement on our part.

CONCEPTUAL FOUNDATION

Scientists have long recognized that rivers were characterized by:  (1) the catchment basin

in which they are located, and (2) the climatic conditions that structure the physical and

biological features.  Furthermore, river ecosystem structure and function is determined by the

changing interaction of the physical, chemical and biological components of the river through

time, along three physical dimensions; longitudinal (headwaters downstream), vertical
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(circulation of water into the bed sediments of the channel and flood plain) and horizontal

(circulation of river water onto flood plains).  Hence, flood plains and their riparian wetlands and

interconnected mosaics of aquatic and semi-aquatic habitats are integral components of rivers

(Stanford and Gonser 1998).  Unfortunately, the ecological integrity of many rivers has been

compromised by disconnection of river flood plains from the channels by flow regulation and

revetment (Ward and Stanford 1995b).  A brief synopsis of the major ecosystem-level concepts

that led to the current formulation of river ecosystem structure and function is helpful in the

context of restoration of “normative flows” in the Yakima Basin. 

Perhaps the seminal theory of rivers is the River Continuum Concept (RCC), which

stated that physical conditions within the river system are a gradient from headwaters to mouth

along which biota and functional groupings of biota are predictably arrayed (Vannote et al.

1980).  The RCC emphasized the longitudinal dimension and temporal variability that are an

inherent part of a naturally functioning stream ecosystem.  Given this longitudinal habitat

templet (sensu Southwood 1977), the RCC stated that predictable changes in the biota and in

patterns of organic matter transport, storage and utilization should occur.  In river systems with

limited floodplain interactions, these predictions were generally observed (Wallace et al. 1982;

Minshall et al. 1983).  These authors also noted that biological communities should be naturally

organized to minimize energy losses, but losses that do occur should fuel downstream

communities.  Thus, the RCC views rivers as longitudinally linked ecosystems in which

downstream processes are linked to upstream processes (Minshall et al. 1985).  Furthermore,

energy for bioproduction is generated from input of streamside vegetation (allochthonous

organic matter) and/or primary production within the stream (autochthonous organic matter).

Since inception of the RCC, researchers have modified and expanded the paradigm (Newbold et
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al. 1981, 1982a, 1982b; Ward and Stanford 1983, 1995a; Fisher et al. 1998).  In most cases,

these additions to the RCC served to strengthen the general premise that flowing water (via fluid

hydraulics) provides the habitat templet over which biota are constantly adjusting. 

A corollary to the RCC is the Serial Discontinuity Concept (SDC) (Ward and Stanford

1983, 1995a).  The SDC states that operation of a dam and reservoir located within the river

continuum will tend to shift the predictions made by the RCC either upstream or downstream,

depending on location of the dam within the river network.  This happens because releases from

deep reservoirs often are cool and clear, similar to headwater reaches, or releases from shallow

reservoirs may be warm and turbid relative to pre-dam conditions.  Biota tend to respond

accordingly (Stanford and Ward 1989; Hauer et al. 1989; Stanford et al. 1988; Vinson In Press).

An important addition to the RCC and the SDC was the recognition that lateral floodplain

inputs of resources are particularly important in structuring biota in large rivers with extensive

flood plains (Junk et al. 1989; Sedell et al. 1989).  Specifically, the Flood Pulse Concept (FPC)

notes that many organisms are adapted to predictable expansion of the river onto its flood plains.

Floods not only redeposit silt, they provide passage for biota to and from floodplain habitats and

lead to extensive nutrient transformations.  Floods also return flood plain nutrients and organic

matter back into the river as the floodwaters recede.  As such, regular flooding enhances both

riverine and floodplain bioproduction (Bayley 1991; Power et al. 1995).  Thus, the FPC

recognizes that flood events are natural disturbances that are crucial to the maintenance of river

ecosystem structure and function.

The vertical spatial dimension of rivers was emphasized by Hynes (1983), who noted that

even in headwater streams, bed sediments are highly efficient at trapping organic matter.  This

efficiency is derived from the interaction of the surface water (SW) and ground water (GW) via
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the hyporheic zone—the volume of bed sediment penetrated by river water and organisms with

riverine affinities.  This work was conducted in smaller streams where SW-GW interactions may

be somewhat limited, but vitally important nonetheless.  The current conceptualization of the

hyporheic zone recognizes that vertical exchange of water and horizontal movement and

subsequent nutrient transformations play a major role in structuring the river ecosystem.  This

exchange becomes substantial in larger rivers flowing through complex alluvial landscapes

(Stanford and Ward 1993; Stanford 1998).  The degree to which this interaction occurs is

determined by the process of cut and fill alluviation and associated sorting of the bedsediments

into strata, often interlaced with highly transmissive flow paths or paleochannels. 

Another important corollary to the RCC was the Material Spiraling Concept (MSC)

which stated that nutrients and organic matter do not move uniformly downstream as in a pipe.

Rather, they are taken up, transformed and stored at rates determined by water velocity, rates of

biological uptake and by the degree of biophysical retention (Newbold et al. 1981, 1982a, 1982b;

Elwood et al. 1983).  Specifically, the MSC predicts that low order, head water systems will be

more retentive of resources, whereas large rivers will tend to export organic matter and nutrients

at a much greater rate simply due to lower biological activity relative to the volume of water and

lower instream retention in the larger streams.  

However, the MSC was developed and tested in very small streams and the vital role of

large flood plains as huge retention devices on large rivers was overlooked.  The retention and

cycling of materials on flood plains may be substantial, owing to the often-voluminous

development of bedsediments and the circulation of river water through them in expansive

alluvial valleys (Stanford and Ward 1988).  The Hyporheic Corridor Concept formalized the
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importance of interstitial flow and associated biophysical processes in alluvial rivers (Stanford

and Ward 1993).

Additional concepts at the community and population level of analysis are important in

understanding the interactions between organisms and patterns in species diversity.  Menge and

Sutherland (1987), summarizing the results of Paine (1966) and Connell (1978), suggest that

diversity is partially determined by the variation in intensity of competition, predation, and/or

disturbance.  For example, competition between species can potentially lead to competitive

exclusion (sensu Gause 1934) or character displacement (morphological and/or behavioral)

(Lack 1945).  As such, many of the central paradigms in community ecology revolve around

determining how population densities change in response to environmental fluctuations (Abrams

1997).  This interaction is mediated by the adaptive behavior of the organisms and the nature of

the environmental variability.  For example, interactions are likely to be more intense in static,

equilibrium environments, such as might be observed in a spring-fed water body where

temperature and flow fluctuation were relatively constant or in lentic habitats.  These

interactions can be greatly mediated by the availability of energy resources (Stanford et al. 1988;

Hall et al. 1992).  In a naturally functioning alluvial river, conditions are rarely static and

environmental variability (derived in large part by the disturbance regime) plays a key role in

modifying potential interactions (e.g. competition and predation) between organisms  (Riece

1985; 1994; Resh et al. 1988; Abrams 1997;  see also Menge and Sutherland (1987); Power et al.

(1988, 1995); and Abrams (1997) for reviews of contemporary community and population

theory relevant to stream ecology).   Indeed, Abrams (1997) notes that the widely held

assumption that environmental variability reduces interactions (for example, see Strong et al.

1984) may not be correct, and that changes in population density may actually change the
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direction and magnitude of the population responses to the variation.  Thus stream organisms

likely exhibit a combination of deterministic, random and chaotic behaviors (Minshall and

Petersen 1985; Palmer and Poff 1997).     

In a recent review, Lake (2000) argues that disturbance events should be characterized by

the event itself (e.g. frequency, magnitude, duration and predictability) rather than incorporating

the effect on biota, which can lead to ambiguous definitions and difficulty in cross-comparisons

with other studies.  Lake also describes three basic forms of disturbances, those being “pulse,”

“press” and “ramp”.  Pulse represents a discrete disturbance event and subsequent return to

dynamic equilibrium (e.g. spring freshet).  Press refers to a disturbance event that is long-lasting

(e.g. the flip-flop flow scenario discussed in detail later) produces such an event in the Upper

Yakima (sustained elevated base-flow during summer) and Naches (sediment competent flows

for two weeks in September) reaches).  Finally, ramp represents the effect of cumulative impacts

that do not decline with time (e.g. the serial discontinuity provided by the myriad of large and

small diversions throughout the Yakima system and the increasingly degraded water quality as

one progresses from headwaters downstream).  The normative concept of riverine management

suggests that in the Yakima, reduction in both press and ramp disturbances via normalized flow

regime coupled with riparian and habitat improvements, should lead to an increase in the

magnitude of the more natural pulse disturbance, thereby enhancing river ecosystem integrity.

These concepts have largely been substantiated and river ecology is now very much

multidisciplinary, blending purely physical studies of valley, channel and flood plain formation

and transport of water and sediment with studies of biotic distributions and life cycles as driven

by physical dynamics.  Moreover, we recognize strong biophysical interactions, such as the role

of large wood debris as primary roughness elements that strongly influence cut and fill



19

alluviation, channel avulsion and the quality of habitat available to biota.  The primary emergent

issue of river ecology is that the aggraded reaches of rivers, the large floodplain reaches, appear

to be centers of organization for biota at the scale of entire rivers or even at the scale of entire

regions encompassing many rivers (Stanford 1998).  Flood plains likely are hotspots of regional

biodiversity and bioproduction because the soils are enriched by flooding, and the fringing

wetlands and riparian forests characterize complex habitat mosaics in which many species can

co-exist, including a great numbers of migrants.  Flood plains are giant retention and filtration

structures for floodwaters (Dunne and Leopold 1978).  They retain nutrient-rich sediments and

riverine organic matter, while at the same time providing complex flow paths through

bedsediments where speciose food webs transform nutrients and produce new organic matter for

transport downstream.

Thus, the conceptual foundation of river ecology encompasses a number of inter-related

theories that fundamentally revolve around the effectiveness of the river hydrology in

transporting sediments, nutrients, biota and other materials derived from the catchment basin or

the river itself.  Retention and transformation of transported materials is directly related to the

geomorphology of the river.  Flood plains are key structures that appear to organize the

occurrence of biota within the river corridor.  Organization of river biota revolves around the

shifting mosaic of floodplain habitats above and below ground (Fig. 1) that is created and

maintained by flood-driven cut and fill alluviation and associated ground and surface water

interactions.  The shifting habitat mosaic of flood plains also is influenced by natural biotic

processes, such as succession of woody vegetation on scoured surfaces and damming of

channels by beavers.  The general hydrologic scheme is that water penetrates the flood plains

above and below ground at the upstream end of the flood plain in a seasonally dynamic fashion, 
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depending on river stage and the geomorphology.  Water and water borne materials return to the

river via surface and buried flow paths that form the lattice of flood alluvial channels (Fig. 1).

Water chemistry, temperature and specific biotic assemblages are largely determined by the

length of particular flow paths and the strength of ground and surface water interactions.  Hence,

the most complex array of habitats will be associated with the most aggraded and biophysically

dynamic reaches.  Usually, such flood plains occur in the middle sections of river systems

(mountain valley and piedmont reaches), where much of the river’s energy is dissipated and

sediment deposition is greatest.  

Any human activity (dams, reservoirs, revetments, water abstraction, pollution, invasive

plants and animals) that disrupts the constantly shifting and renewed mosaic of habitats by

Figure 1.  Idealized view of natural
river ecosystem structure,
emphasizing dynamic longitudinal,
lateral and vertical dimensions and
the role of large woody debris eroded
from the riparian zone.  This
landscape is produced by the legacy
of cut and fill alluviation, which is
linked to the natural-cultural setting
of the catchment (from Stanford
1998).
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definition reduces biodiversity and bioproduction of the river and the ecotone or transition zone

between aquatic and terrestrial components of the river and its valley.  The key uncertainty that

has to be resolved by river or watershed management concerns the degree to which human

activities have depressed or compromised natural ecosystem functions.  If functionality is

substantially compromised, the question is, can a reasonable amount of natural functionality be

restored while also allowing traditional uses of the river corridor?

Disconnection of river channels from their flood plains by flow regulation and revetment is

pervasive worldwide (cf. Dynesius and Nilsson 1994).  Even casual understanding of

contemporary riverine ecological theory clearly supports the need to reconnect severed pathways

if the goal is restoration of native biodiversity and the natural capacity of rivers to cleanse water.

The goal of river restoration is not necessarily to revert to pristine conditions, because for most

rivers, data do not exist to support a quantitative understanding of what rivers may have looked

like before humans modified them.  It is true that river ecosystem theory is based upon studies of

rivers that are not substantially altered by human activities and by comparison of functions in

altered and unaltered systems.  But restoration of pristine condition, even if such condition could

be fully demonstrated, usually, if not always, is unattainable or not even desirable because

people continue to use the goods and services provided by rivers.  A goal is to restore natural

riverine functions, and this begins with restoration of natural seasonal flow dynamics. 

Stanford et al. (1996) argued that river restoration should be determined by setting clear,

attainable goals and re-regulating flows in ways that the river itself can do most of the

restoration.  Re-regulating flows by rescheduling dam releases, providing alternative water

sources or purchasing instream flow rights and removing revetments “naturalizes” regulated

rivers (sensu Poff et al. 1997).  A “normative” condition is one that allows many, if not most, of
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the historical uses of rivers as well as re-establishes natural functions, such as enough flooding to

re-initiate cut and fill alluviation as the primary mechanism of reconnecting channels with some

viable and sustainable portion of their historic flood plains (Stanford et al. 1996).

The premise of the restoration activities in the Yakima Basin is that it is possible to

determine and implement normative flows.  In this case, normative flow may be defined as

sufficient water flux through key reaches to produce enough quality habitat to significantly

enhance the currently depressed numbers and life history types of anadromous salmonids.  The

primary bottleneck for salmon and steelhead in the Yakima River may well be primarily lack of

sufficient, high-quality, rearing habitat for juvenile salmonids, owing to severed pathways

between the backwater habitats on the flood plains and the channel.  In the Yakima Basin, we

believe that successful salmonid restoration is absolutely dependent on both habitat protection

and restoration and on implementing normative flows that will serve to sustain and rejuvenate

that same habitat.  We acknowledge that out of basin influences, such as harvest and ocean

conditions, also play key roles.  But the central body of science that underpins contemporary

river ecology strongly suggests that ecological connectivity mediated by restoration of normative

flows throughout the river corridor is vitally important.  

The key documents that support this conceptual foundation are Stanford et al. (1996),

Stanford and Gonser (1998) and Independent Scientific Group (2000).  We take it as a given in

this report that the SOAC (1999) process is founded upon the goal of creating normative

conditions in the Yakima River.  This restoration goal is consistent with the contemporary

conceptual foundation of river ecology, if “normative” means achieving a continually shifting

mosaic of ecologically functional salmonid habitats along the whole river corridor.  Synthesis of

information herein was prepared from that perspective.
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THE STUDY SITE:  GEOGRAPHY OF THE YAKIMA RIVER BASIN

The Yakima River (5th order), located in south-central Washington, has a drainage basin of

15,900 km2 and flows 344 km from the Cascade Range southeast to the Columbia River.  The

basin can be divided into three ecoregions, each with distinct physical and biological

characteristics.  These include the Cascades, Eastern Cascades Slopes and Foothills (hereafter

referred to as Eastern Cascades) and the Columbia Basin (Omernick 1987) (Fig. 2).  

Figure 2.  Base map of the Yakima River Basin (figure is not geo-referenced).



24

Climate is variable, ranging from maritime in the Cascades ecoregion to arid in the

Columbia Basin, where annual precipitation ranges from 350 to less than 25 cm, respectively

(Rinella et al. 1992).  Although the Cascade and Eastern Cascade ecoregions represent 60% of

the drainage basin area, they supply 85% of the estimated annual unregulated flow (USBR

1999).  Subsequently, most of the water available for irrigation is derived from the Cascade

ecoregion. 

Elevation ranges from about 2,500 m in the Cascades to 98 m at the Columbia River

confluence.  The higher areas, which receive the most precipitation, are thickly covered with fir,

pine and larch.  On lower slopes with less precipitation, sparse stands of ponderosa pine are

found.  The arid Columbia River ecoregion is dominated by sage and various species of grass.

Historically, this geographic templet generated a river hydrograph in which peak runoff in the

lower basin was estimated to occur from April through June, derived from snowmelt in the

Cascade Range (Parker and Storey 1916).  However, due to the arid nature of the lower basin,

fall floods of short duration and high peak discharge generated by rain events also frequently

occur in the discharge records (Ring and Watson 1999).   

Geologically, the basin consists of two major formations--the Cascade region, which

corresponds to the Cascade ecoregion, and the Columbia Plateau, which encompasses both the

Eastern Cascades and Columbia Basin ecoregions (Kinnison and Sceva 1963).  The Cascade

region, lying within the Cascade Mountains, consists of continental formations of Eocene-age

sandstone, shale and some coal layers and pre-Miocene volcanic, intrusive and metamorphic

formations.  The Columbia Plateau is dominated by numerous lava flows consisting of tertiary

age Columbia River basalt, which topographically masked pre-existing formations.  The plateau

was deformed into a series of southeast-trending anticlinal ridges and synclinal valleys, through



which the Yakima River cut, creating the Yakima Canyon and Selah and Union Gaps (Kinnison

and Sceva 1963). 

The Columbia River basalts, located within the Columbia Plateau, represent a locally

important aquifer system characterized by interbeds and overlying sediments.  These alluvial

aquifers are highly permeable and are heterogeneous and anisotropic, due to their location within

the fluvial environment where the processes of cut and fill avulsion via the Yakima River and

tributaries occurred.  The Cascade ecoregion stores and transmits little water via aquifer systems

and the majority of runoff occurs as overland flow.

In both the Cascade and Columbia Plateau regions, recent glacial activity and the

network of tributary and main channel flow deposited large amounts of lacustrine and fluvial

material in the valleys.  This geologic templet produced a series of groundwater basins separated

by natural knick points (Selah and Union Gaps) and longer canyons (e.g., Yakima Canyon)

(Kinnison and Sceva 1963).  The Yakima River cuts through four large sub-basins (Rosyln,

Kittitas, Upper Yakima and Lower Yakima) (Figs. 3 and 4).  This geological setting influences

the hydrologic cycle. 
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Figure 4.  Location of groundwater sub-basins separated by natural knick points and longer canyons.  Yellow
highlights represent the distribution of recent (Quaternary) sedimentary deposits plus the older Ellensburg
formations.  Basin and sub-basin identification from Kinnison and Sceva (1963).  Not all basins or sub-basins are
identified.  The dashed line in the Lower Yakima Basin indicates a groundwater divide.  Red lines with arrows
indicate withdrawals, canals and returns. 

Historically, the hydrologic cycle in each basin was likely characterized by extensive

exchange between the surface, hyporheic and groundwater zones (Kinnison and Sceva 1963;

Ring and Watson 1999).  This exchange would have occurred mainly in the vast alluvial valleys

and flood plains, which would have functioned as hydrologic buffers, distributing the energy of

peak flows and moving cool, spring melt water out onto the flood plains.  This inundation would
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annually recharge the shallow, surficial aquifers, a process that would occur potentially well into

summer due to extensive and long-lasting snow pack in the Cascades (Ring and Watson 1999).

As Parker and Storey (1916) point out, base flow during mid to late summer is derived and

sustained almost wholly from ground water and natural lake storage.  Based on fundamental

hydrologic principles, there is no question that groundwater recharge of this nature would not

only have maintained base flows, but would have provided areas of cooler thermal refugia as

summer progressed and air temperatures increased, as well as maintaining warmer winter

temperatures, preventing or reducing the risk of anchor ice (Kinnison and Sceva 1963).  Bansak

(1998) quantified this process in a similar alluvial valley of the unregulated Middle Fork

Flathead River, Montana.  How irrigation return flows emulate this natural process is less

certain.  For example, although abstraction starts in mid to late March, the nature of this potential

recharge is quite different from natural processes in which historic spring flooding likely spread

water out over large portions of the alluvial valleys versus irrigation diversions that transport

water, often in lined canals or pipes, to specific locations often far removed from the active

floodplain.  The interaction between irrigation activities and the surficial aquifer is currently

being studied by the U.S.G.S (John Vaccarro, U.S.G.S., pers. comm.).     

On a large spatial scale, each of the Yakima sub-basins is conceptualized as being

downwelling, or losing surface water to the hyporheic and groundwater systems at the upstream

end and upwelling, or gaining surface water from the groundwater and hyporheic systems at the

downstream end as described for other rivers (for example by Stanford and Ward 1988 and

Tockner and Schiemer 1997).  This upwelling is driven by the decreasing size of the sedimentary

aquifers causing groundwater to move back into the river, tributaries and irrigation drains.

Annual inundation and recharge also maintained the connectivity and flow of backwater, or
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spring brook habitats.  These habitats are critical for successful completion of the life-history

cycles of numerous fish species and other biota (e.g., Morgan and Hinojosa 1996; Tockner and

Schiemer 1997).  Historic maps and photographs indicate that these types of habitats were much

more abundant prior to anthropogenic alteration of the flood plain (archive, USBR Yakima 

Office; Morris Uebelacker, CWU, pers. comm.) (Fig. 5).

Figure 5.  Lower Yakima River
(the northern boundary of the
survey data in this figure) and
distributary channels between
the towns of Wapato and
Toppenish.  Survey data was
collected by the USBOR in
1909.  Note the abundance of
distributary channels that run
from the middle of the figure
through the Northern Pacific
Rail Road and south of
Toppenish.
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Although we found no papers that discuss channel form in the Yakima, five distinct

channel provinces are very apparent along the altitudinal gradient from source to mouth; 1) high

gradient, largely constrained headwaters, 2) expansive anastomosed or braided alluvial flood

plains, 3) constrained canyons, 4) meandering with expansive flood plains containing oxbows,

and 5) deltaic flood plain at the confluence with the Columbia River. 

Six storage reservoirs have been constructed in the Yakima Basin, including impoundment

of the natural glacial lakes in the headwaters:  Keechelus Lake (157,800 acre-feet); Kachess

Lake (239,000 acre-feet); Cle Elum Lake (436,900 acre-feet); Rimrock Lake (198,000 acre-feet);

Clear Lake (5,300 acre-feet); and Bumping Lake (33,700 acre-feet) (Fig. 2).  All except Rimrock

Reservoir were natural lakes prior to impoundment.  Together they capture approximately one

third of the annual basin-wide runoff.  Storage volume equals 1.07 million acre-feet, which

leaves an average of 2.79 million acre-feet of unregulated runoff annually (USBR 1983, 1999).

A key point is that storage is insufficient to control all flooding, a fact that in part explains the

presence of existing complex habitat (e.g. the lower ends of the major flood plain reaches).

Flood stage discharge at Umtanum is estimated to occur on about a 5-year return interval (Chris

Lynch, pers. comm.) (Fig. 6). 
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Figure 6.  Annual maximum
discharge (x 100 m3/s) from 1932
to 1997 at Umtanum gage
(USGS).  The period of record is
66 years, thus a change of 10%
(x-axis) is equivalent to 6.6 years.
Bank-full discharge at Umtanum
was estimated to be 232.5 m3/s
(based on a USGS gage located at
Ellensburg; rkm 250.8) while
flood stage was estimated to be at
436.1 m3/s.  Using these
estimates for the Umtanum gage,
flood-stage was equaled or
exceeded c.a. 8% of the time; or
every 5.3 years.  Thus, the post-
reservoir reoccurrence interval
for significant floodplain
inundation and cut and fill
avulsion would occur twice a
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All of the storage reservoirs are located in the headwaters of the upper basin, within the

Cascades and Eastern Cascades ecoregions.  As such, the majority of the water sustaining the

agricultural industry is transported to the lower basin during periods of the summer and early fall

when the river would otherwise be approaching baseflow.  Seven low-head diversion dams are

located on the main stem of the Yakima, including Easton at river kilometer (rkm) 235.8, Town

Ditch at Thorp (rkm 258.4), Roza (rkm 205.8), Wapato (rkm 171.5), Sunnyside (rkm 167),

Prosser (rkm 75.8) and Horn Rapids (rkm 5.8).  The Naches River, the largest tributary to the

Yakima River, has two large diversion dams; Wapatox (rkm 27.5) and Naches Cowiche (rkm

5.8) (Fig. 2).  Each of these diversion dams maintains screening structures installed to prevent

entrainment of migratory and resident fish.  In addition, there are literally hundreds of additional

diversion structures that do not span the entire river located on both the mainstem and tributaries

(River Mile Index 1964). 

Groundwater recharge occurs via precipitation and from the application of irrigation water,

the latter of which increases recharge over pre-irrigation times by about a factor of 10 at the

height of the irrigation season (Tom Ring, pers. comm.).  Kinnison and Sceva (1963) noted that

water table elevations rose substantially during the onset of irrigation in the first half of the

century.  Because of this, drains often were cut to reduce high water tables and prevent the

development of alkaline soils.  Thus, the pattern of ground water recharge has been substantially

altered with post-irrigation recharge following the seasonal patterns of irrigation.  Historically,

recharge would have occurred mainly in the winter and spring when evapotranspiration was low

and precipitation was high.  The result has been a reduction in the frequency, magnitude and

duration of flood plain inundation because of reservoir storage.  As such, recharge of cold spring
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melt water into the aquifer systems has been replaced by recharge of warmer water derived from

irrigation later in the spring and summer.

Over 500,000 acres of irrigated cropland occur, ranking the Yakima Basin among the

leading agricultural areas in the United States.  For example, Yakima County ranked fifth in the

United States in total agricultural production.  Perennial crops, such as fruit trees, grapes, hops,

mint and asparagus occur on more than 45% of the irrigated area (USBR 1999).  

The diversions at Sunnyside and Wapato typically divert one half of the entire river flow

during the irrigation season, from May to October, while Prosser diverts 40 m3/s most of the

year, both for irrigation and power production.  Because of regulation and withdrawals for

irrigation, the Yakima River experiences periods of both dewatering and elevated flows relative

to the historic discharge regime (Parker and Storey 1916; Vaccaro 1986a; Conservation

Advisory Group 1997; SOAC 1999; USBR 1999).  For example, at Union Gap and Parker,

regulation has reduced annual discharge (mean based on data from 1926-77) from 134 m3/s to

108 m3/s at Union Gap and 65 m3/s at Parker (Vaccaro 1986a).  Declines of this magnitude

would significantly effect the processes of cut and fill avulsion that historically maintained

habitat heterogeneity.  Furthermore, the average annual 7-day minimum mean discharge at

Parker for the same time period was 3.7 m3/s (Vaccaro 1986a).  Vaccaro (1986a) estimated that

composite error of historic discharge estimates was 12% relative to the 21% change in discharge

by regulation at Union Gap and the 52% change at Parker.  Thus, potential error in historical

discharge estimates was less than the magnitude of change caused by regulation. 

Because of the substantial declines in flow during the irrigation season, target flows below

Prosser and Sunnyside diversions were established under the authority of Federal Congressional

legislation (Title XII; Public Law 103-434).  At present, the legislation calls for flows below



32

Sunnyside and Prosser that range from 8.5 to 17 m3/s, depending on the estimated water supply

for a given period of time.  These target flows are based on the estimated supply of water.

Recommendations believed necessary to establish biologically based flows (e.g., discharge

regimes necessary to restore and maintain normative river structure and function) are called for

in YRBWEP and mentored2 by the Systems Operations Advisory Committee (SOAC 1999). 

FACTORS LIMITING ANADROMOUS SALMONIDS IN THE YAKIMA BASIN

Several key problems likely related to declining salmon returns were identified in recent

detailed reports (Yakima Valley Conference of Governments 1995; Conservation Advisory

Group 1997; USBR 1999; SOAC 1999).  Concerns included over-allocation of water, alteration

of the natural temperature regime and hydrograph, reduced water quality through pesticide and

herbicide contamination, increased suspended and fine sediments, predation by exotic fish

species, flood plain-riparian habitat degradation and decreased connectivity between ground

water and surface water.

In this section, we review what is known about the life cycles and historic and current

distributions of anadromous salmonids.  We then review what is known about the problems

(identified by heading) likely responsible for, or contributing to the observed changes in

abundance and distribution.

Salmonid life cycles and relative abundance of native stocks 

Salmon and steelhead exhibit a remarkable array of variation in life history traits that is

evident among congeners, among conspecific populations and within populations (Willson 1997)

2SOAC (1999) recommended specific actions as components of the restoration process:  a) synthesis of data relative
to the Yakima River ecosystem (e.g., this study); b) demonstration of the range of variation in pre-regulation flows
(a water budgeting model); c) construction of hydrologic and temperature models; d) immediate implementation of
a normative flow regime; e) assessment of longitudinal, vertical and hydrologic connectivity, f) assessment of the
riverine food web and salmonid habitat condition; and g) construction of a salmonid production model.  These are to
be implemented using adaptive environmental assessment, in which results of ongoing research are used to modify
management decisions (sensu Hollings 1978).
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For example, differences exist in terms of the presence or absence of anadromy, body size and

fecundity, sexual dimorphism, reproductive age, reproductive frequency and phenology of

reproduction (Willson 1997; Independent Scientific Group 2000).

The various native populations (i.e., wild fish, assumed to be minimally influenced by the

legacy of hatchery operations) in the Yakima Basin exhibit this intrinsic variation (Fig. 6), which

is derived from their existence in a temporally and spatially variable landscape (Lichatowich and

Mobrand 1995).  This landscape can be described as a habitat templet (sensu Southwood 1977)

over which the life-history patterns of the various salmonid species are superimposed.

Historically, the Yakima Basin sustained six salmonid species that could be divided into

numerous sub-stocks.  Thus, within-basin habitat requirements, such as habitat heterogeneity,

adequate food supply and proper temperature and flow regimes were historically met and

salmonids were able to successfully complete all life history phases.  This is no longer the case. 

Chinook salmon (Oncorhynchus tshawytsha) are classified as spring, summer and fall

stocks, corresponding to the time when the returning adults enter the Columbia River (Fig. 7).

Peak spring chinook runs occur in May and June, whereas fall chinook enter the Yakima system

from August to November.  Coho (O. kisutch) runs begin in September, peak in October and end

in November.  Steelhead (O. mykiss) exhibit two peaks in the spring and fall and enter the river

from August to May.  Three substocks of spring chinook occur in the Basin; the American River,

Naches River and upper Yakima stocks (Busack et al. 1991).  There are two substocks of fall

chinook, the more abundant of which (representing approximately 70% of the total run) is

derived from the Hanford Reach of the Columbia River (Busack et al. 1991).  The second

substock, found in the Marion Drain, is genetically different from the Yakima mainstem



Figure 7.  Summary of the diversity in salmon and steelhead life history characteristics in the Yakima Basin (data
originally from BPA 1996, figure taken from Lilga 1998; see also Craig and Hacker 1940).  Stock designation is as
follows:  HR=Horn Rapids, MD=Marion Drain, NRUY=Naches River, Upper Yakima Basin, SCTC=Satus
Creek/Toppenish Creek.  Life history stages designated as follows:  M=adult migration, S=spawning, I=egg
incubation, E=fry emergence, R=juvenile rearing, O=juvenile or smolt outmigration.
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population, being genetically similar to stocks found in the Snake and Deschutes Rivers.  It is

believed that this population at least partially represents the original Yakima River stock,

although some genetic mixing has likely occurred with hatchery fish from the Hanford Reach

(Busack et al. 1991).  Steelhead were once ubiquitous throughout the basin, occurring in all

reaches that supported spring chinook as well as numerous tributaries.  Genetic analysis

indicated that three distinct populations exist in Satus Creek, Toppenish Creek and the

Naches/upper-Yakima Rivers (Busack et al. 1991).  Finally, resident kokanee salmon (O. nerka)



still exist in the basin’s lakes.  A detailed description of the life history characteristics of these

stocks and sub-stocks can be found in the Yakima Fisheries Project Final Environmental Impact

Statement (1996).

Escapement (e.g., the number of returning adults) historically was estimated to be from

300,000 (McNeil and Kreeger 1993) to >800,000 (Tuck 1995).  Escapement of all salmon and

steelhead measured at Prosser in 1985 was 6,733.  By 1995 the number was only 3,291 (Table

1).
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Table 1.  Salmon escapement (e.g., # salmon returning) at Prosser Diversion Dam and counting facility.  Data on
spring & fall Chinook from StreamNet on-line; coho and steelhead data from USBR (1999).
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ecent unpublished counts, although higher, still remain relatively low.  Runs in spring and

ummer, 2000, were notably higher (ca. 29,000, all species; raw counts at Prosser Dam) than in

revious years, probably related to improved ocean conditions associated with persistent La Nina

cf. Francis and Hare, 1994).  Although data on fish passage at the Prosser counting facility has

hanged over the years (due to modification of the facility and changes in discharge estimates by

he BoR), data presented herein represent the most recently published information.  Smolt out-

igration (counted at Prosser) for spring chinook (1983 through 1996) and steelhead (1983-

995) tended to decline; whereas fall chinook out-migration increased (1983-1994) (Figs. 8-10). 

Species 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Spring chinook - Natural Adult 3768 8545 3513 3251 3918 2155 2709 4253 3787 1281 528 2929
Spring chinook - Natural Jack or subadult 424 348 317 303 242 48 127 133 79 19 138 130
Spring chinook - Hatchery Adult 47 12 245 339 194 47 41 29 7 2 0 17
Spring chinook - Sum 4239 8905 4075 3893 4354 2250 2877 4415 3873 1302 666 3076

Fall chinook - Adult 181 497 472 190 670 1505 865 1500 1056 1357 827 1179
Fall chinook - Jack or subadult 92 238 64 42 0 0 106 112 9 163 247 143
Fall chinook - Sum 273 735 536 232 670 1505 971 1612 1065 1520 1074 1322

Coho 30 230 83 18 291 289 269 190 165 560 633 NA

Summer steelhead 2191 2230 2465 2840 1162 814 834 2263 1184 554 918 NA

Total salmonid & steelhead escapement 6733 12100 7159 6983 6477 4858 4951 8480 6287 3936 3291 4398
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Although the relationship between hatchery releases, escapement and outmigration is not clear,

results suggest that increasing hatchery production does not necessarily increase either smolt

migration or adult escapement (Figs. 8-11). 

Figure 8.  Summary of spring chinook counts (hatchery versus natural stocks) at Prosser Diversion Dam on the Lower
Yakima River and basin-wide hatchery release data.  Data from 1960-63 from Major and Mighell (1969); more recent
data from Washington Department of Fish and Wildlife (StreamNet).  The upper figure (A) represents adult
escapement, the middle (B) represents smolt outmigration, while the lower figure (C) indicates hatchery release data.
Missing histograms indicate lack of monitoring data.



37

Figure 9.  Data obtained from the same sources as in Fig. 8 for fall chinook.
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Figure 11.  Summer sockeye release data (source as in Fig. 8).
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Salmonid distribution - historic versus present

Intact salmon habitats in the Columbia River Basin are fragmented from historic

conditions, a result of numerous perturbations, such as in-river migration barriers, habitat

destruction and over-harvesting (Independent Scientific Group 2000).  The Yakima Basin

historically appears to have had excellent habitat for all of the Columbia River salmon and

steelhead species.  However, like elsewhere in the Columbia River system, historical runs have

been substantially depleted.  

Spring chinook historically were distributed throughout the basin and likely were quite

abundant, but the current distribution is greatly reduced (Bryant and Parkhurst 1950; Fulton

1968; NPPC 1986; Tuck 1995) (Fig. 12).  Tuck (1995) produced similar maps for the other 

Figure 12.  Reduction in spring chinook distribution from historic to present times within the Yakima Basin.
Distribution maps are not geo-referenced and likely do not include all tributaries containing spring chinook (either
historic or present distribution).  The pattern evident is that current distribution is greatly reduced.  Similar reviews
and distribution maps were compiled for fall chinook and steelhead but are not included in this report.  Generally,
the sources used to compile maps were in agreement.
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native anadromous stocks, and ongoing work being conducted by the Washington Conservation

Commission is producing historic and current distribution maps for chinook, bull trout and

steelhead (Kevin Lautz, pers. comm.).  Fulton (1970) also mapped fall chinook distributions.

Tuck (1995) concluded that summer chinook existed in the middle reaches of the mainstem

river, as reported for other tributaries of the Columbia (Nehlsen et al. 1991).  However, McNeil

(1994) and others (e.g., E. Brannon, Univ. Idaho, pers. comm.) argued that summer chinook

really do not exist because high variation in run timing suggests a continuum of life history types

that is strongly influenced by local environmental patterns, especially temperature.  Whatever

the case, a distinct summer run of chinook apparently no longer occurs in the Yakima.  

Coho apparently were abundant in the middle reaches of the mainstem and in the

distributary (hillslope spring brooks fed mainly by water from the mainstem) channels of the

flood plains and in some tributaries.  Wild coho runs are considered extinct throughout the

Yakima River system and current returns are entirely from hatchery releases.  

Sockeye runs existed in the glacial lakes of the upper basin, but they have been extirpated.

Specifically, four nursery lakes were available to sockeye including Keechelus (blocked in

1904), Kachess (blocked in 1904), Cle Elum (blocked in 1909), and Bumping (blocked in 1910),

with spawning areas likely located in lake tributaries.  Robison (1957) and YIN et al. (1990)

estimated that historic sockeye production was 200,000 adult fish.  At present, only land-locked

sockeye (kokanee) exist in the lakes listed above, including Rimrock Lake.

Steelhead (anadromous rainbow, O. mykiss complex) were broadly distributed and

significant runs occur today, but numbers are far less than apparently occurred historically and

the distribution is quite depressed.  Historic presence of resident rainbow or the redband trout in
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the Yakima is unknown.  The Yakima River is within the range of native rainbow and redband

trout, however, and the presence of native rainbow seems likely.  

Native bull trout (Salvelinus confluentus) stocks (9 total) are mainly considered to be in

critical condition (USFWS 1998), because of small population size and increased isolation

caused by channel dewatering, dam construction, and thermal barriers.  Because of this, on June

10, 1998, the U.S. Fish and Wildlife Service listed the Columbia River population segment as

threatened under the Endangered Species Act.  Historical distribution was likely much broader,

although still occurring in a patchy distribution, in part because of natural barriers (physical and

thermal) and rigorous habitat requirements such as cold in-stream temperatures.  With the

construction of the major irrigation dams in the Yakima, these populations were isolated making

each separate population more vulnerable to extinction, (Spruell et al. 1999) although recently

there has been some discussion concerning the potential meta-population structure of naturally

occurring bull trout populations (Dunham and Rieman 1999). 

At present, the various populations, which exist almost exclusively in the upper basins

because of stable flows and cold temperatures (optimal temperatures range from 0 to 15oC

depending on life history stage), exhibit both migrant and resident life history strategies.

Adfluvial populations, which mature in the lakes and spawn and rear in tributaries such as Gold

Creek (Craig 1997), are found in Keechelus, Kachess, Cle Elum and Waptus, Bumping and

Rimrock Lakes.  Fluvial and resident populations exist in the North Fork of the Teanaway,

Yakima mainstem above Roza Dam, Naches Rivers and Ahtanum Creek.   Some studies of

juvenile bull trout behavior at Central Washington University and other institutions have been

completed (Goetz 1994; Sexauer 1994; Craig 1997; James 1997; Polacek 1998; Wissmar and
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Craig 1998a,b) and bull trout spawning surveys have been conducted beginning in 1984 and

continuing to the present (WDFW 1996, 1997, 1998; Eric Anderson, WDFW, pers. comm.).  

There is no question that these “lake reaches” and the tributaries that are associated with

them are critical components in fisheries restoration efforts within the basin.  Indeed, steelhead

(listed as threatened) and coho (locally extinct, but recently reintroduced) historically used these

tributaries to natural lakes for spawning and rearing (YIN et al. 1990).  In addition, sockeye are

extirpated and bull trout are currently isolated due to impassable dams (as discussed above).

Reconnecting these habitats (via fish passage at Cle Elum, potential breaching at Keechelus,

etc.) represents a logical step towards restoration of salmonid species within the basin,

particularly those such as bull trout and sockeye that use the habitat above and below the natural

lakes.  Indeed, YRBWEP legislation authorizes and appropriates funds for fish passage at Cle

Elum dam.  This action, which is supported by a recent study conducted by NMFS (Flagg et al.

2000) in which sockeye were successfully reared, released and were observed returning as

adults, indicates that sockeye could successfully be restored in Cle Elum providing that adequate

fish passage facilities are constructed.  

Current distributions of anadromous salmonids are discussed in more detail below as

related to hatchery operations because most of the Yakima River anadromous salmonid runs

have been heavily supplemented with releases of hatchery reared smolts.  For example, Campton

and Johnston (1985) noted that between 1950 and 1994, about 4,366,060 rainbow trout and

2,098,525 steelhead were stocked in the Yakima, both from native and non-native hatchery

sources (Campton and Johnston 1985, Pearsons et al. 1998; also see Figs. 8-11).  However,

return of hatchery-reared salmonids has been relatively low (see Figs. 8 & 10) indicating limited

success of supplementation with the exception of non-native rainbow plants.  This is in contrast
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to the Columbia Basin in general where greater than 80% of the approximate 1 million annually

returning adults are of hatchery origin (ISG 1999).  Campton and Johnston (1985) noted that

native and non-native rainbow trout did interbreed to panmixia in the Yakima.  The success of

the introduced non-native rainbow trout was in part attributed to the decline in abundance of

steelhead, chinook and coho salmon that would have potentially competed for resources.

Historically, the O. mykiss population was likely represented by a relatively large percentage of

the anadromous form, whereas at present, only 1 or 2% of the basin-wide population consists of

steelhead (Crawford 1979; Todd Pearsons, Washington Department of Fish and Wildlife, pers.

comm.).  In any case, the literature is sufficiently detailed to conclude that wild production (i.e.,

naturally spawned and reared in the river) of all native salmonids, resident and anadromous, is

substantially depressed and distributions are restricted in comparison to historic conditions.  For

example, steelhead and bull trout are listed as threatened under the ESA; coho have recently

been reintroduced but were considered locally extinct, and sockeye and summer chinook are

locally extinct.  Very likely, this means that diversity of life history types (e.g., such as has been

documented for steelhead in Alaskan rivers; Willson 1997) also is substantially reduced. 

Population depression and fragmentation observed in Yakima wild fish is likely

problematic for recovery because it leads to a decrease in gene flow and reduction in

metapopulation structure and function (Soule et al. 1992).  Salmon and steelhead probably all

had a metapopulation structure historically.  This means that the Yakima stock of a species was

made up of locally adapted (e.g., great fidelity for a particular tributary or reach) populations that

are genetically distinct.  Gene exchange occurs between populations as a hedge against

inbreeding, but the populations are essentially distinct gene pools moving through time.  The

advantage is that if one population fails in one area of the basin, in the long term, colonizers
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from other areas can replace it.  Hence, the stock is a compendium of populations that are inter-

active, which imparts robustness for the stock when threatened by natural environmental

variability (droughts, floods).  Fragmentation reduces robustness, eventually destroying the

metapopulation structure (McCullough 1996).  Managers today are faced with considerable

uncertainty in determining the exact point at which a population is no longer viable from an

evolutionary perspective (Gilpin 1991).  However, we do know that all salmonid populations in

the Yakima Basin (and Columbia Basin) have been greatly depressed by fragmentation of habitat

(loss of ecological connectivity) (Figs. 11 and 12).  This is particularly detrimental in species

such as salmon that remain in single or few isolated populations in different parts of the basin.

For example, it is known that three different populations of spring chinook presently exist in the

basin (Busack et al. 1997).  This may be a remnant metapopulation or it may simply mean that

no gene flow exists between the populations and they are essentially isolated from each other,

although this has not been directly tested.  Additionally, genetic integrity may be compromised

by the manner in which brood stock are collected for rearing and release in the upper basin.

Currently, brood fish are collected at Roza Dam, the progeny of which are distributed at various

release sites in the upper basin that are located in different environments.  Enhancing salmonid

returns may prove difficult given that stock-specific adaptations likely will occur over time at

these different release locations.  At present, no mechanism is maintained to preserve site-

specific stocking with returning brood fish.  

The pattern evident in salmon distributions in the Yakima is characteristic of a refuge type

model (sensu Frissell and Bayles 1996) in which there are a few patches of high quality habitat

that are spatially limited and higher in overall biodiversity (Fig. 13).  These patches act as biotic



refuges, providing habitat critical to the completion of different life history stages as well as

resting areas for migrating species (Wissmar et al. 1994).  
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Figure 13.  The catchment represented in Figure "a" is relatively undisturbed by human actions.  Those patches
that are degraded can be readily recolonized from populations existing in undisturbed habitat.  Conceptually,
this is our view of the Yakima River around the turn of the century.  The catchment represented in Figure "b" is
representative of conditions experienced at present.  In this case, undisturbed habitat is fragmented and isolated
and the success of recolonization is greatly reduced.  In the Yakima Basin, high quality habitat exists in the
headwaters and upper reaches of the basin and in isolated patches located near the downstream end of the
alluvial valleys (e.g., Rosyln Basin, Kittitas Basin and Upper Yakima Basin) (taken directly from Frissell and
Bayles 1996).
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ch, they supply a source of colonists, but the colonists have nowhere to go but to degraded

rs in relatively hostile reaches in the rest of the basin.  Hence, population depression

nues.  This is in contrast to conditions prior to the 1850’s, in which the basin likely

rmed to a patch disturbance model where disturbance events, such as flood scouring,
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generated patches of disturbed space for new colonists.  The latter may be expected to produce

and maintain a metapopulation that displays considerable life history and genetic diversity due to

local adaptation, not as a result of isolation.  In the context of current management options, the

key is the identification of those reaches that currently operate as refugia and continue to sustain

salmon and steelhead (for example, the Easton reach).  Refuges can be protected once they have

been firmly identified (if they exist).  Then, normative habitat conditions (our conceptual

foundation) may be restored in degraded reaches, re-establishing connectivity between the

refuge populations. 

Another problem associated with the significant decline in returning anadromous fish

relates to the reduction in quantity of marine-derived nutrients to inland streams and rivers.  For

example, Gresh et al. (2000) estimated that for the Pacific Northwest, just 6-7% of the historic

marine-derived nitrogen and phosphorus from decomposing salmon carcasses is currently

available.  The same situation exists in the Yakima Basin where returning anadromous fish have

been reduced by up to 99%.   At issue are not only the reduction in potential salmonid

productivity, but also the impact of these losses at an ecosystem level.  In other words, the loss

of salmon is devastating in and of itself, but the consequences reach beyond that of the

individual run that has become locally threatened or extinct.  For example, Cedarholm et al.

(1999) review many ways in which marine derived nutrients enhance the productivity of both the

inland aquatic and terrestrial ecosystems.  The actual fate and utilization of carcass-derived

nutrients is dependent on numerous variables including salmonid species, physical structure and

retention, stream size, discharge and geographic location, and type of biotic consumption

(mammal versus avian, etc.) and stage at which consumption occurs (carcass, egg, juvenile).   
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In the Yakima Basin, studies have demonstrated that the quantity of nutrients (N and P

both) increases longitudinally as a response to increasing anthropogenic alteration of the

watershed (urban runoff, agricultural return flows, etc) (Cuffney et al. 1997, see discussion

below).  As a nutrient source, we envision the declining salmon runs in the Yakima to have had

the greatest impact in terms of in-stream and terrestrial productivity in the upper basin and in

headwater systems that are not impacted by the nutrification so prevalent in the lower main stem.  

However, this does not account for the interaction between salmon and predators, and

one of the mechanisms leading to the movement of salmon-derived nutrients onto the floodplains

and riparian forests is direct consumption.  For example, Bilby et al. (1996) found that direct

consumption of carcasses, eggs, and emerging fry represented the major pathway by which

nutrients were incorporated, rather than via decomposition (mineralization) and uptake of the

inorganic fractions by primary producers.   This study was conducted on two tributaries of the

Snoqaulmie River, Washington, both of which had limited capacity for primary productivity due

to riparian shading (low light) and cold temperatures.    If the salmon are not present, those

organisms that have adapted to utilize salmon as a food source will suffer, including humans

(Willson et al. 1998).  This would occur in any portion of the Yakima Basin, regardless of

ambient nutrient status.    As such, anadromous fish historically provided a link between the

oceans, freshwater and land in such a way that complex food webs were sustained which crossed

the land-water ecotone.  

One way to identify refuges is to examine the distribution of current spawning sites

(redds) (Figs. 14-16) and carefully consider the condition of the rearing habitat downstream in

relation to the known life histories of the populations (Fig. 7).  The floodplain reaches



downstream from almost all of the known spawning sites function as retention devices for very

young fish.  However, preliminary data (E. Snyder and J. Stanford, unpubl.) show that these

reaches are degraded, because the shallow, slack water habitats that the juveniles require are

dewatered (e.g. distributary channels below Wapato and Sunnyside diversions) or abnormally

flooded by the regulation scheme (for irrigation and hydropower, discussed in detail below).

Not only are juveniles potentially washed out of the reaches (upper Yakima during augmented

summer base flow and the Naches river in September during flip-flop), their food supply in

preferred near shore habitat is likely compromised by dewatering (e.g. the lower river below

Sunnyside Dam).  Moreover, channel-flood plain connectivity is considerably reduced by

revetments (Table 2), among other problems (see below).
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Figure 14.  Mean (+1 SD) spring chinook redd density in numerous reaches of the mainstem Yakima and Naches Rivers
and tributaries compiled from 1981-98 (Bruce Watson, pers. comm., StreamNet on-line).



Figure 15.  Fall chinook redd counts in Marion Drain (+1 SD) collected in 1981 and 1983 (Hollowed 1984) and
from 1991 to 1997 (Mark Johnston, pers. comm.).  Data from Prosser to Columbia River confluence, including
spawning reaches, was collected in 1998 (Watson and Cummins 1999).
Table 2.  Extent of historic flood plain compared to current flood plain.  Historic flood plain delineated as Holocene
sediment deposits.  Flood plain encroachment includes road and rail revetments and flood control levees  (data from
Eitemiller and Uebelacker, personal communication).
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Extent of active flood % of active flood plain
(hectares) from pristine

Reach pristine 1884-1915 1916-1965 1966-1999 1915 1965 1999

Easton 2687 1692 1529 1046 37 43 61
Cle Elum 1749 978 928 717 44 47 59
Kittitas 5420 3340 2732 1708 38 50 68
Selah 1182 1024 950 389 13 20 67
Naches 3342 2548 1530 1422 24 54 57
Union Gap 2325 1840 1592 921 21 32 60
Wapato 26869 8286 N.A. 3969 69 N.A. 85
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Figure 16.  Upper Yakima Data (A-F) represents the total number of steelhead redds and spawning adults observed
from 1990-93 (Martin et al. 1993).  Data for Satus Basin (G-J) represents mean redd abundance (+1 SD) from 1988-
90 and 1994-95 (Bruce Watson, pers. comm., StreamNet on-line).
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nstream habitat requirements of salmonids

Little definitive information exists concerning salmonid habitat preferences in the

akima Basin (but see Pearsons et al. 1994; Fast et al. 1991; Payne 1995; Payne and Monahan

995).  However, much work has been done in other comparable systems (for example see

ilmann et al. (1989); Hames and Pleus (1993); Roper et al. (1994); and Morgan and Hinojosa

1996) for reviews).  General requirements for juvenile over-wintering habitat include slack

ater and cover (Swales et al. 1986).  These habitat characteristics are typically found in pools

ith riparian cover and off-channel areas, such as wall-based channels and spring brooks.  
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Figure 17.  Mean (+1 SD) bull trout redd densities in numerous reaches of the mainstem Yakima and Naches Rivers
and tributaries compiled from 1984-2000 (Eric Anderson, WDFW, personal communication).  R=resident,
F=fluvial, F/R= fluvial/resident, AD=adfluvial, *=data based on incomplete redd surveys over a limited time span.
Note that y-axes are variable.

In comparative studies, researchers have noted that preference for over-winter habitat differed

according to species, fish size and hydrologic and temperature regimes (McMahon and Hartman

1989).  For example, in a study conducted in British Columbia, Swales et al. (1986) found that

juvenile coho preferred side channels and off-channel ponds for overwintering, while chinook

preferred deep pools with large woody debris, and steelhead were found under large substrate

and in rock crevices.  

Research conducted within the upper Yakima Basin (Pearsons et al. 1994) indicated that

bank and off channel habitats were extremely important to age 0+ spring chinook and that on
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average, 2.7 times more fish were found in side channels and back water sloughs versus the

mainstem.  These backwater channels are believed to be important rearing ground for fish

because of lower water velocity and increased ratio of bank habitat to center channel, which may

provide cover from potential predators.  Also, food resources may be more abundant in these

backwater habitats.  Pearsons et al. (1994) also found that rainbow trout in the upper basin

maintained higher densities in tributaries than in the mainstem, and along the banks of the

mainstem, relative to the center of the channel.  Furthermore, 45% of the rainbow trout redds

measured (181 total) were located in side channels; an additional 28% were located within 25m

of a side channel, even though side channel habitat was not as abundant as main channel habitat.

Likewise, Payne (1995) found spring chinook fry almost exclusively within 2m of the shoreline

in surveys along the main channel of the river.  These studies underscore the importance of

nearshore and backwater environments as habitat for juvenile salmonids.  However, food webs

within these shallow areas likely are substantially influenced by the regulation scheme in the

Yakima River system.  

Spawning habitat characteristics important to all salmonid species include substrate

availability (requires adequate supply from upstream sources), substrate size and permeability,

patterns of upwelling and downwelling, water velocity and depth, temperature and dissolved

oxygen concentration and cover.  Research indicates that salmon tend to select spawning sites

within a broad range of these variables, which is not surprising given the variation in life history

characteristics among species and differences both among and within populations (for example,

size variation) (Smith 1973; Kondolf et al. 1993 and others).  In the Kamchatka River, Leman

(1993) noted that 60-70% of chum salmon spawned in sites influenced by ground water.

Furthermore, the upwelling zones were correlated to topography of the valley walls (Leman
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1993) and to site-specific hydrogeology (Curry et al. 1994), and not to measures of channel

morphology.  Zones influenced by ground water tend to have more constant temperature and

flow regimes (Leman 1993) and can have higher dissolved oxygen levels (Chambers et al.

1955), although all these variables can be influenced by hydraulic gradient and the rate of

oxygen consumption in the alluvial aquifer.  

In the Yakima River, surveys conducted in the 1950’s indicated that spawning gravel was

abundant (Bryant and Parkhust 1950).  To our knowledge, more recent basin-wide surveys have

not been conducted and detailed analysis of spawning gravel characteristics, such as temperature

and dissolved oxygen profiles and patterns in upwelling and downwelling have only recently

(e.g., fall 1999) been initiated in the Cle Elum River (Mark Bowen, pers. comm.).  Fast et al.

(1991) analyzed the size characteristics of gravel located within three meters of spring chinook

redds in the upper Yakima from the town of Cle Elum to Easton.  Results indicated that % fines

(< 0.85 mm) ranged from 11 to 16, which, when compared to the egg-to-fry survival rate

(59.6%), are within the range of values reported by other researchers.  

The distribution and abundance of redds indicates that spawning gravel is available.

However, it is not possible at this time to ascertain the extent to which this variable might be

limiting salmonid production.  This variable is particularly important given that the supply of

alluvial gravel has most certainly been reduced by the following:  (1) construction of irrigation

dams for both storage and diversions; (2) extensive levying; (3) removal of floodplain deposits

of alluvial gravel by aggregate operators and for road and rail grades; and (4) alteration of the

natural hydrograph (reduced spring runoff and elevated base-flow in the upper Yakima and

Naches due to flip-flop).  
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The conceptual foundation that cut and fill alluviation is directly correlated to maintenance

of habitat heterogeneity clearly underscores the need to fully understand limitations on gravel

recruitment and dynamics in relation to flow regime because spawning gravel and floodplain

backwater habitats (the shifting habitat mosaic) are so important to salmon and steelhead.  Are

the various reaches degrading or downcutting due to lack of gravel caused by revetment and

flow regulation?  This is a highly relevant question that has not been investigated at all in the

Yakima Basin. 

The extent to which salmonids are food-limited also has not been specifically

investigated.  However, research conducted on benthic macroinvertebrate distribution and

abundance indicates that this important component of the river food web is generally abundant

throughout the Yakima Basin (Cuffney et al. 1997; Nightengale 1998).  However, as

anthropogenic impacts increase (including but not limited to irrigation withdrawals), species

richness declines and dominance by a few taxa increases along the river continuum.  For

example, Cuffney found that taxa richness and abundance of EPT taxa (clean water forms of

mayflies, stoneflies and caddisflies) declined from 32 to 29 and from 15 to 12 in the upper

versus lower Yakima Basin, respectively.  Furthermore, no stonefly taxa were found in the lower

basin.  Nightengale (1998) observed that the lower basin tended to be dominated by the caddisfly

Hydropsychidae and that the Naches Basin tended to contain the most diverse benthic

community.  We have observed similar patterns in our ongoing research (bi-monthly benthic

sampling regime) (E. B. Snyder, pers. obs.).  Salmonids likely are not food limited by the

benthic macroinvertebrate community based strictly on biomass estimates from the mainstem

(e.g., upper basin from Selah to Easton = 6,400 mg/m2; lower basin from Toppenish to Benton
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City = 12,605 mg/m2) (Nightengale 1998).  However, macroinvertebrate secondary productivity

has not been measured.  

Although the Yakima supports a high quality rainbow trout fishery, densities in the

mainstem are lower than that reported in other river systems in Montana (E. Gallatin, Big Horn,

and Madison Rivers) and Oregon (Deschutes River) and all published papers and reports that

examined the food web in the Yakima have focused on the mainstem channels (Pearsons et al.

1994).  It is likely that salmonids are habitat limited at various life-history stages, in part because

the food webs in shallow water zones that are dewatered by the regulation scheme have poor

food web integrity.  For example, disconnection of side-channel habitats has been clearly

documented as flows are regulated; such as during flip-flop (Fast et al. 1991; Pearsons et al.

1996, 1998).  These are habitats known to be preferentially utilized by age 0+ spring chinook

salmon  (Pearsons et al. 1996; E. B. Snyder and J. A. Stanford, unpbl. data).  Additionally,

although macroinvertebrate biomass estimates appear high enough to support the fishery, there is

no guarantee that fish are able to utilize this food resource because of mechanisms such as inter-

and intraspecific competition (discussed in greater detail below), and potential habitat limitation.

For example, smaller fish cannot maintain position in the fast waters of the upper mainstem

Yakima (e.g. caused by elevated base-flow during summer), effectively excluding this area for

feeding (Todd Pearsons, WDFW, personal communication).  Finally, as stated above,

macroinvertebrate secondary production has not been measured (e.g. biomass accumulation and

turnover per unit time), and we see this as an important data gap that needs to be filled. 

With respect to food limitation, we note that the Yakima River is not a nutrient limited

system.  We show in the section below on water pollution that plant growth nutrients actually

reach pollution levels, especially in reaches affected by irrigation returns.  However, even with a
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high nutrient load, productive food webs cannot develop if the aquatic environment in which

they exist is subjected to an abnormal regulation scheme.  This is especially true for insects such

as stoneflies that must complete their life cycle by emerging as flying adults from the shoreline.

In addition, we note that analysis of macroinvertebrate structure has been mainly limited to the

mainstem and larger tributaries.  Potential food limitation of fishes in headwater systems has not

been analyzed and we recommend that studies be undertaken to understand the possible role of

food limitation throughout the continuum (headwaters to confluence). 

Nonnative fish and predation

Qualitative examination of fish distribution indicates that the presence and abundance of

exotic species declines upstream (Table 3) (Geoff McMichael, pers. comm.).  For example, near

the confluence of the Yakima and Columbia Rivers, ten exotic species are found in relatively

high abundance and three species are rarely encountered; whereas from Roza to Keechelus

Dams, there are seven exotic species that are rarely encountered.  This pattern is likely a function

of the following:  (1) proximity to the Columbia River—a source pool of potential colonists; and

(2) downstream accumulation of various anthropogenic impacts that variously alter the habitat

template.  As previously discussed, these impacts are manifested by:  (1) altered flow regime (2)

presence of numerous irrigation dams that provide slack water habitat for predatory fish and

which likely disorient and concentrate outmigrating salmonid and steelhead smolts and parr; and

(3) elevated stream temperatures.  Indeed, high concentrations of predatory fish have been

observed below some irrigation diversion dams during salmonid smolt outmigration (McMichael

et al. 1998a, 1998b).  In addition, the susceptibility of fish to pathogens increases as immune

responses are depressed by sub optimal environmental conditions (e.g. cumulative decline in

water quality, increasing number of diversions, etc.).  Similarly, there is an increase in the
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abundance and range of pathogens caused by the altered habitat templet and subsequent

improved conditions for pathogens and pathogen vectors. 

A study was initiated in 1997 to examine the impact of predation on salmonid smolt

survival in the lower Yakima River (McMichael et al. 1998a).  Results indicated that combined

effect of high predator densities and high consumption rates led to a significant annual salmonid

loss.  Predation rates were particularly substantial for fall chinook, caused mainly by three

primary predators in the lower reach; the indigenous northern pikeminnow (Ptychocheilus

oregonensis) and two exotic piscivorous species, the smallmouth bass (Micropterus dolomieui)

and channel catfish (Ictalurus punctatus).  Stomach content analysis indicated that 23 and 29%

of northern pikeminnow and smallmouth bass, respectively, contained salmonids.  Continued

sampling and analysis in 1998 (McMichael et al. 1999) indicated that the population of

smallmouth bass would be able to consume ca. 500,000 smolts per year (18,840 smolts/day

during emigration), or 27% of the wild fall chinook produced in the lower Yakima Basin in

1998, which translated into an adult loss of 1,350 fall chinook.  Predation on spring chinook was

estimated to be much lower, with 4.3% of the emigrating smolts consumed (McMichael et al.

1998b).
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Table 3.  Distribution of fish species in the Yakima River.  Bold=exotic; Italics=relatively rare.
Based on data compiled by Geoff McMichael in survey sent to fisheries resource managers
throughout the basin.  

rkm 0-44 rkm 181-305
(Yak/Columbia rkm 45-68 rkm 69-161 rkm 162-180 (Roza to

confluence (Kiona (Prosser (Yakima Keechelus
to Kiona) to Prosser) to Yakima) to Roza Dam) Dam)

black crappie black crappie common carp common carp
bluegill bluegill largemouth bass pumpkinseed
brown bullhead brown bullhead pumpkinseed
channel catfish channel catfish smallmouth bass
common carp common carp
goldfish goldfish
largemouth bass largemouth bass
pumpkinseed pumpkinseed
smallmouth bass smallmouth bass
yellow perch yellow perch

brown trout brown trout brown bullhead brook trout brook trout
mosquitofish walleye brown trout brown bullhead brown trout
walleye channel catfish brown trout common carp

walleye largemouth bass largemouth bass
yellow perch smallmouth bass pumpkinseed

yellow perch smallmouth bass
yellow perch

chiselmouth chiselmouth chiselmouth chiselmouth cutthroat trout
coho salmon coho salmon coho salmon cutthroat trout largescale sucker
fall chinook salmon fall chinook salmon fall chinook salmon largescale sucker longnose dace
largescale sucker largescale sucker largescale sucker longnose dace mottled sculpin
longnose dace longnose dace longnose dace mottled sculpin mountain whitefish
mountain whitefish mountain whitefish mottled sculpin mountain whitefish northern pikeminnow
northern pikeminnow northern pikeminnow mountain whitefish northern pikeminnow piute sculpin
peamouth peamouth northern pikeminnow piute sculpin rainbow trout
redside shiner redside shiner piute sculpin rainbow trout redside shiner
speckled dace speckled dace rainbow trout redside shiner shorthead sculpin
spring chinook salmon spring chinook salmon redside shiner speckled dace speckled dace
summer steelhead Umatilla dace speckled dace spring chinook salmon spring chinook salmon
Umatilla dace unidentified dace spring chinook salmon summer steelhead unidentified dace
unidentified dace unidentified sculpin summer steelhead unidentified dace unidentified sculpin
unidentified sculpin unidentified sucker Umatilla dace unidentified sculpin unidentified sucker
unidentified sucker unidentified dace unidentified sucker
white crappie unidentified sculpin

unidentified sucker

leopard dace bull trout lake trout bull trout bull trout
Pacific lamprey burbot leopard dace coho salmon burbot
prickly sculpin leopard dace mountain sucker fall chinook salmon chiselmouth
rainbow trout Pacific lamprey Pacific lamprey lake trout coho salmon
sandroller rainbow trout peamouth mountain sucker lake trout
sockeye salmon sockeye salmon sandroller Pacific lamprey mountain sucker
three-spine stickleback three-spine stickleback shorthead sculpin sockeye salmon Pacific lamprey
white sturgeon white sturgeon sockeye salmon three-spine stickleback pygmy whitefish

three-spine stickleback W. brook lamprey sockeye salmon
unidentified lamprey summer steelhead
W. brook lamprey three-spine stickleback

unidentified lamprey
W. brook lamprey



60

Also, they noted that smallmouth bass abundance and consumption rates were

substantially higher than values reported for other Pacific Northwest systems.  This finding was

attributed to relatively high temperatures that lead to physiologically faster digestion rates (and

subsequently increased predation rates) and the presence of irrigation dams and modified flow

regime; modifications to the natural habitat templet that tend to select for nonnative species.

Interestingly, adult smallmouth bass appear to migrate into the lower Yakima River in early

spring, possibly due to the 1 to 4o C higher water temperatures in the Yakima versus Columbia.

Abundance estimates for the northern pikeminnow and channel catfish were not as reliable,

although they did estimate that 1000 pikeminnows could consume from 35 to 290 salmonids per

day from Prosser upstream.

Potential management solutions were discussed and included removal by trapping and

electrofishing, relocation, removal of angling regulations, bounty implementation and decreasing

water temperatures by 2o C; the latter of which was deemed to be the most effective at reducing

predation rates (McMichael et al. 1999).  For example, a 2o C decrease in water temperature

would decrease digestion rates, which in turn would reduce predation rates of smallmouth bass

by 23% in the river between Benton City and Chandler powerhouse.  McMichael et al. (1999)

suggests that a combination of management solutions might be implemented after weighing

potential risks to non-target fish species.

Normative flow might be the solution to much of the nonnative fish problem.  Many of the

problematic nonnatives are sensitive to scouring floods, having evolved in much more benign

conditions (Meffe 1984, Minckley and Meffe 1987).  Stanford (1994) reviewed the effects of

scouring floods on many of these fishes.  The general observation is that scouring flows depress

populations of nonnatives and enhance natives in alluvial rivers of Western USA.  Li et al.
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(1987) documented this phenomenon for a variety of rivers in the Pacific Northwest (not the

Yakima, however).  These observations once again refer us back to the conceptual foundation

that cut and fill alluviation associated with scouring flows not only creates the shifting habitat

mosaic, but also depresses nonnative competitors and predators.  

Salmonid supplementation (competition and predation)

In the Yakima Basin, efforts to increase and restore salmon runs historically have been

focused on hatchery production and dam modification, as opposed to habitat restoration and

improvement in wild salmon runs (Lichatowich et al. 1995).  The Yakima/Klickitat Fisheries

Project (YKFP), established in 1987 by the Northwest Power Planning Council, was designed to

test the assumption that artificial production could be used to enhance natural production (Clune

and Dauble 1991).  Additional goals of the YKFP were to preserve genetic diversity of the

remaining wild runs and to protect and enhance spawning and rearing habitat (Clune and Dauble

1991).

However, the success of salmonid supplementation is much-debated (Independent Scientific

Group 1999, 2000).  For example, a key uncertainty concerns the potentially negative

interactions between wild fish and those of hatchery origin.  Moreover, at least historically, the

focus on hatcheries and supplementation may have minimized investment in river and floodplain

habitat restoration to normative condition.  These are interactive concerns because competition

for habitat between wild and hatchery fish has to occur if the availability of quality habitat is

limited.  Additionally, supplementation in some cases has resulted in endangerment and

extinction of other fish populations, referred to as non-target taxa (NTT) (Nehlsen et al. 1991).

Specific ecological mechanisms that may negatively affect NTT include competition

(McMichael et al. 1997), predation (Pearsons and Fritts 1999), behavioral anomalies and



62

pathogenic exchange (Bucke 1993).  NTT may be positively affected by increasing the

availability of prey (stocked fish), while the response of predators to stocking may either

negatively or positively affect wild fish (Collis et al. 1995).  Ecological risk assessment is one

method that should be used to guide management decisions, particularly since most

supplementation strategies focus on target taxa without regard to the effect on NTT (Pearsons

and Hopely 1999).  

The Yakima Species Interaction Study (YSIS; Washington Department of Fish and

Wildlife) was initiated in 1990 to address some of these concerns and to work in conjunction

with the supplementation activities of the YKFP.  Specifically, research was conducted to

provide ecological risk assessments to quantify potential negative interactions (both inter- and

intra-specific competition and predation) between released and native species and to examine

how human alteration of the habitat templet has modified these interactions (Hindman et al.

1991, Pearsons et al. 1993, 1994, 1996, 1998, McMichael et al. 1997, McMichael and Pearsons

1998).  Research was conducted in the North Fork of the Teanaway River using small enclosures

to determine possible impacts of hatchery-reared steelhead and spring chinook from the

supplementation facility located in Cle Elum.  Results indicated that residual (nonmigrant)

juvenile hatchery steelhead (Oncorhynchus mykiss) significantly reduced the growth of wild

rainbow trout, but did not affect growth rates of spring chinook (O. tshawytscha) (McMichael et

al. 1997).  In segment-scale releases, hatchery-reared steelhead smolts displaced wild O. mykiss

(anadromous and potamodromous) in 79% of the contests between the two groups, indicating

that artificially produced fish can have a negative ecological impact on preexisting wild

populations (McMichael et al. 1999).  In contrast, McMichael and Pearsons (1998) found that

wild juvenile spring chinook did not adversely affect wild rainbow trout growth, biomass or
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abundance, indicating that the two species were able to exist in sympatry, presumably by

partitioning resources.  McMichael et al. (2000) concluded from the sum of these studies that

adverse influences by hatchery fish on wild salmonids could be minimized by releasing

minimum numbers of actively migrating smolts (or hatchery fish that are smaller in size and less

prone to agnostic encounters with wild fish) in areas with a high habitat diversity (e.g., flood

plains) and when water temperatures are cold (also to reduce agonistic encounters).  

In addition to risk assessment, a major research goal was to examine the utility and

feasibility of adaptive management (Hollings 1978), which is often coupled with risk assessment

due to the high uncertainty regarding potential outcomes (Clune and Dabule, 1991; Independent

Scientific Group 1999; Busack et al. 1997; Ham and Pearsons 2000).  Results of this analysis

indicated that monitoring abundance of rare and economically important fish species would not

be sufficient to detect small impacts and, therefore, would not be useful as an adaptive

management tool.  For example, the modeled impact of supplemented spring chinook on wild

steelhead, spring and fall chinook could not be detected unless changes in abundance were

greater than 35%, even after ten years of post-impact surveying (Ham and Pearsons 2000).

Furthermore, in addition to measures of abundance, inclusion of data on distribution and size

structure, as well as other interaction measurements (e.g., predation index and spatial overlap)

yielded similar results; adequate feedback to prevent the decline in most species of concern was

generally not possible (Ham and Pearsons 2000).  Exceptions included populations of bull and

cutthroat trout in which a 5% change in abundance could be detected, but only with inclusion of

a measure of habitat overlap.  Therefore, it appears that adaptive management will be successful

only if managers accept a greater degree of risk or seek to identify more sensitive impact

indicators.  Even with this assessment, we still believe that adaptive management is a useful tool
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for the Yakima Basin because it provides a means of addressing management questions using

scientific methodology, including peer review and documentation.  Furthermore, ecological risk

assessment that accounts for the impacts on both target and non-target taxa is critical if

supplementation is to be successful. 

Another serious concern related to supplementation is the potential for genetic mixing

between hatchery and wild stocks.  For example, Campton and Johnston (1985) found evidence

that in the upper Yakima River, populations of rainbow trout (O. mykiss) were likely genetically

composed of an admixture of wild and introduced hatchery populations.  This was determined by

comparing allele frequencies between the hatchery stock released in the basin and wild

populations still believed to be genetically untainted by supplementation.  The allele frequencies

of trout in the upper Yakima were intermediate between these two.  Campton and Johnston

suggested that hatchery stock, released in great numbers from 1950-1980 (3,400,000-

nonanadromous rainbow trout and 830,000 juvenile steelhead), were able to successfully

reproduce due to declining competition from historically abundant native runs of chinook, coho

and steelhead.  Additionally, Pearsons et al. (1998) found that resident rainbow trout and

anadromous steelhead in sympatry spawned at approximately the same times and in many

instances interbred.  Furthermore, rainbow trout and steelhead collected together in the North

Fork of the Teanaway were genetically undistinguishable.  They suggest that wild rainbow trout

should be considered as part of a steelhead ecologically significant unit (ESU) because, when

found in sympatry, the two forms are not reproductively isolated. 

Pre- and post-regulation flow regima

Historic reconstruction of discharge regime is difficult given that irrigation withdrawals

were already occurring in the late 1800’s and that USGS discharge records are not available until
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1905.  Kinnison and Sceva (1963) attempted to reconstruct the average unregulated discharge

regime at Union Gap from 1897 to 1912.  Their discharge estimates at Union Gap (rkm 171.8)

are actually greater than measured discharge at Kiona (rkm 48.1); 123.7 km further downstream

during the same time period (USGS data from 1905-1915) (Fig. 17).  Furthermore, there are two

Figure 18.  Comparison of discharge (mean +1 SD) at Kiona near the Columbia River confluence near the
turn of the century (upper figure) versus the present (lower figure) (USGS data).  The data from the early
1900's at Kiona is compared to estimated unregulated discharge 124 km upstream from Kiona at Union Gap
(upper figure) (Parker and Storey 1916).  Note that unregulated discharge at Union Gap is actually greater
than regulated discharge at Kiona even though two major tributaries, Toppenish and Satus Creeks, enter the
river between these two points.



large tributaries, Toppenish and Satus Creeks, that enter the river between Union Gap and Kiona.

However, even with this modified regime, there was still an increase in discharge with spring

runoff, which is almost nonexistent in the lower river at the present time (Fig. 17).  The variation

in discharge evident in the earlier records provides a potential mechanism explaining the patterns

observed in smolt out-migration.  For example, it is known that the number of smolts migrating

per unit time is increased by rapid, and not necessarily large, increases in discharge (Fast et al.

1991).  The natural, or normative, hydrograph would accommodate these behavioral tendencies

very well.  Prior to major regulation, discharge was quite variable, particularly in the fall,

whereas at the present time, discharge is relatively stable (Fig. 18).  The variation in discharge

evident in the past, coupled with sediment competent spring runoff events, provided the

mechanism sustaining the complex habitat mosaic necessary to support diverse and abundant

salmonid runs.   
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As previously discussed, the effect of historic spring runoff, driven by snow pack in the

ascades, would have been buffered and temporally extended by the inundation, downwelling,

torage and slow release of water from the numerous alluvial flood plains (Parker and Storey
66

916; Kinnison and Sceva 1963; Ring and Watson 1999).  Floods of record typically occur

uring mid-winter as rain-on-snow events.  An analysis of mean daily discharge at Umtanum

age (USGS) demonstrates the buffering capacity of the alluvial valleys (Fig. 19).  In a flow

uration curve, the steeper the slope of the discharge curve, the flashier the system.  During 1909

nd 1936, the slope of the duration curve is relatively flat, indicating a relatively stable flow 

egime.  These 2 years represent pre- and post-reservoir river operations.  This is not to say that

n 1909 flows were unmodified.  Indeed, crib dams were present at all 3 upper Yakima lakes.

owever, they would only have been able to store approximately 1.74% of the average annual 
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A.        B.

runoff from the upper basin (calculated as mean from 1932-1997; initial data analysis by Clay

Arango).  These two years represent the average annual discharge for each time period (pre- and

post-reservoir), which spanned from 1909-1914 and 1931-1997, respectively.  In 1936, discharge

was > 200 m3/s 15% of the time, whereas in 1909 flows of similar magnitude were reached 5%

of the time.  The pre-reservoir regime also experienced higher flows relative to 1936.  The

pattern in reservoir operations would likely reduce peak flows and maintain higher base flows 

during the irrigation season.  Both of these patterns are apparent (Fig. 19).

Figure 19  Comparison of mean daily change (as m3/s and %) at Kiona from 1905-1915 (A) and 1978-1996 (B).
Data near the turn of the century (A) include the effects of Bumping and Kachess Reservoirs, plus other irrigation
withdrawals.  Thus, it does not represent unregulated discharge patterns.  However, it does represent the earliest
recorded flow data (USGS Water Resources Data).  Increased agricultural and municipal withdrawals have led to a
decrease in flow variability and an almost complete absence of spring runoff (B).  Both of these variables are
necessary for natural maintenance of river ecosystem structure and function.  Also absent is the occurrence of fall
freshets (B) evident at the turn of the century.
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Figure 20.  Flow duration curves at Umtanum gage (USGS) for both pre- (A) and post- (B) reservoir
operations.  Note that pre-reservoir operations still include crib dams on Lakes Keechelus and Kachess
that stored 1.7 % of average annual discharge (calculated from 1932-1997; data analysis by Clay
Arango).  Post-reservoir operations store 46.8% of the average annual discharge in the upper Yakima
River.  These two years were compared because they represent the average annual discharge for each
given time period (A=1909-1914, B=1931-1997; total Q=25,556 & 25,527 m3/s for calendar years 1909
and 1936, respectively).  The shape of these curves indicates that flows in the upper basin are relatively
stable, with base flows being sustained by the complex of alluvial valleys.  In 1936, higher flows were
sustained for longer periods of time (15% of the time flows were > 200 m3/s).  In 1909, flows of the same
magnitude were reached only 5% of the time.  Maximum discharge was greater in 1909 versus 1936, a
factor due to the buffering capacity of the reservoirs.
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Further analysis of discharge records at the Umtanum gage indicate that prior to

regulation (1908-1915) flows greater than 283 m3/s occurred nine times (return interval of 1.28

per year) and flows greater than 425 m3/s occurred three times (0.42 yr. return interval).  In

contrast, peak post-reservoir flows (1931-1980) greater than 283 and 425 m3/s occurred eighteen

times (return interval of 0.36 per year) and six times (0.12 yr. return interval), respectively.

These results, depicted graphically (Fig. 20), clearly demonstrate the reduction in frequency and

magnitude of flushing flows due to regulation, as well as the unnaturally high base flow that is

maintained throughout the growing season (Fig. 20, upper two figures). 

Elevated base flow maintained through September and into October coincided with the

spawning activities of spring chinook in the upper Yakima Basin where elevated river stage

provided access to spawning sites that historically (e.g., pre-reservoir) would not have been

available.  At the end of the irrigation season in mid-October, flows were reduced and many of

the redds were dewatered and destroyed.  Because of this, the Yakama Indian Nation in 1980

challenged the Bureau’s river operation scenario in Federal Court.  The outcome, known as the

Quackenbush Decision, led to the implementation in 1981 of the “flip-flop” flow regime.  Under

this scenario, the quantity of water from the upper Yakima supplied for irrigation is reduced

beginning in mid-September (Fig. 20; lower figure), providing base flows that can be maintained

throughout the incubation period required by chinook eggs.  The continued demand for irrigation

water is compensated for by increasing flows dramatically on the Naches River.  Although not

examined quantitatively, these flows appear to be sediment competent (Mark Lorang and Bruce

Watson, personal observation) and are maintained for at least three weeks—much longer than a 

“natural” flood event.
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Figure 21.  Annual discharge regimes (+/- 1 SD) in the upper basin (USGS Umtanum gage)
during three time periods; pre impoundment, post impoundment and post impoundment with
"flip-flop" flow regime.  Timing of spring runoff is altered dramatically by reservoir operations
(upper figure versus lower two figures).  Also note the very high sustained base flow (middle
figure) during the growing season and the truncation of this sustained base flow post flip-flop
(lower figure).  Prior to regulation, spring chinook would spawn in September (JD 244) when
base flows were well established, keeping redds watered.  Post-regulation, this life history
characteristic proved deadly for some redds as spring chinook would spawn in mid September
when river flows were unnaturally high.  
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Although some spring chinook redds are saved in the upper Yakima as a result of the

flip-flop management, there has been little or no effort to understand or monitor the effects of

this flow regime either on the upper Yakima or on the lower Naches River.  In the upper

Yakima, significant stranding of benthic invertebrates may occur in September.  Furthermore,

the elevated base flow maintained throughout the summer likely represents a significant and

unnatural stress to aquatic biota, including salmonids.  In the Naches River, sediment competent

flows likely result in rapid rates of cut and fill avulsion, as well as generate a spectacular annual

disturbance event, the magnitude and duration of which is well beyond that occurring

historically.  In both the upper Yakima and the lower Naches, organisms specifically adapted to

the natural and predictable disturbance regime would likely be unable to adapt to the

anthropogenic regime and would suffer declines in density and productivity (Resh et al. 1988).

This applies both to the post-reservoir flow regime and to the alteration of that regime via flip-

flop.  We strongly recommend that the flip-flop regime be examined carefully; a process made

difficult by the lack of quantitative data.

In addition, the lower river, particularly below Parker, experiences rapid changes in

discharge (on the order of 1 day).  For example, SOAC (1999) demonstrated that the Yakima

River below Parker can experience a two-fold reduction and increase in discharge during a 24

hour period.  This is in contrast with diurnal variation in the upper reaches (for example the

Little Naches River and the Teanaway River), which is much more stable (SOAC 1999).  These

diel patterns are contradictory to the historic flow regime in which tributaries, by nature of their

size and connectivity to the immediate catchment, would exhibit a more responsive discharge

regime versus mainstem locations that tend to be buffered from diel fluctuations because of their

larger size and increased storage capacity.



Water pollution

Washington Department of Ecology has rated the Yakima River from the confluence

with the Cle Elum River (rkm 481) to the mouth as having Class A, or “excellent” water quality

(for detailed description, see Water Quality Standards for Surface Waters of the State of

Washington, Chapter 173-201A), while the American, Bumping, upper Naches and upper

Yakima Rivers were classified as AA, or “exceptional.”  However, there are some specific water

quality parameters that do not conform to this classification.  For example, 72 stream and river

segments throughout the Yakima Basin have been placed on the 303(d) list of threatened and

impaired waterbodies by Washington Department of Ecology (DOE 1996, candidate list for

1998, Federal Clean Water Act 1977).  Of these segments, 83% were cited as exceeding

temperature standards.  Specifically, temperatures exceeded 21oC in Yakima River and

tributaries from Columbia River confluence to Cle Elum River and 16oC in the upper Yakima,

American and Bumping Rivers.  Furthermore, standards set for DDT and DDT byproducts

(including, in most cases, PCB’s and other pesticides and herbicides such as endosulfan,
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arathion, endrin, aldrin and dieldrin) were exceeded in 15% of the listed reaches.  Six of thes

ine sites were located below the city of Yakima, and four of the nine were located in th
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akima River proper, ranging in distribution from Cle Elum to Horn Rapids.  The site with

reatest contamination was Horn Rapids.  In essence, longitudinal linkage within the river has

ed to a downstream increase in contamination, with specific point sources entering from Snipes,

pring, Sulphur, Wide Hollow and Cheery Creeks and Granger and Moxee Drains (however,

oth Snipes and Spring Creeks have been removed from DOE’s draft 1998, 303(d) list) (Table

).  Instream flows were cited as exceeding standards set by the State in 8 of the 72 reaches,
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including the Yakima River near Toppenish and Horn Rapids, plus Cowiche, Wenas, Big,

Taneum and Manastash Creeks and the Teanaway River.  

Because of these listings, DOE conducted a study to determine total maximum daily load

(TMDL) criteria in the lower Yakima Basin (Joy and Patterson 1997).  Because the link between

total suspended sediment (TSS), turbidity and concentration of DDT had previously been

established (Rinella et al. 1992, 1993), turbidity standards were limited to an increase of only 5

NTU’s (national turbidity units) between the confluence of the Naches and Yakima Rivers and

Benton City (224 km).  As discussed above, this standard was based on the State’s “A”

classification for this river segment.  Furthermore, recommendations were made to limit

tributary and drainage return concentrations to 25 NTU’s (56 mg/L TSS).  If implemented, this

will require a 70% TSS reduction in the major drainage returns (Joy and Patterson 1997). 

Of particular concern are the high concentrations of DDT (and its breakdown products

DDE and DDD) in fish tissue, which are among the highest concentrations recorded in the

United States (Rinella et al. 1993).  Subsequently, in 1993, the Department of Health

Yakima River Cherry Yakima River Wide Hollow Moxee Yakima River Granger Sulfur Creek Yakima River at 
near Cle Elum Creek near Roza Drain Drain near Toppenish Drain Wasteway Horn Rapids
(WA-39-1030) (WA-39-1032) (WA-39-1010) (WA-37-1047) (WA-37-1048) (WA-37-1020) (WA-37-1024) (WA-37-1030) (WA-37-1010)

DDT Temp. Dieldrin Temp. Temp. Temp. Temp. Temp. Turbidity
4,4'-DDE Dieldrin DDT Fecal Coliform pH PCB-1260 pH Endosulfan Temp.

DDT 4,4'DDE Endosulfan Malathion Instream Flow Fecal Coliform Dieldrin pH
4,4'-DDE DO Fecal Coliform Dieldrin Endosulfan DDT PCB-1260

Dieldrin Endosulfan DDT DO 4,4'-DDE PCB-1254
DDT DO 4,4'-DDE Dieldrin 4,4'-DDD Parathion

4,4'-DDE Dieldrin DDT Instream Flow
4,4'-DDD DDT Ammonia-N Heptachlor Expoxide

Chlorpyrifos 4,4'-DDE Heptachlor
4,4'-DDE 4,4'-DDD Fecal Coliform
4,4'-DDD Endrin

Endosulfan
Dieldrin
DDT,

Ammonia-N
Aldrin

4,4'-DDE
4,4'-DDD

Table 4.  Summary of water quality parameters exceeding standards set by Washington State Department of
Ecology for the 303(d) list (1996).  Waterbody segment numbers are identified in parentheses.



recommended that people eat fewer bottom feeding fish (Joy and Patterson 1997; Washington

State Department of Health 1993).  This advisory is still in effect. 

The effect of DDT, dieldrin and other pesticide contamination on river ecology is less

certain.  However, whole fish sampled by DOE in 1990, 1992 and 1995, found that nearly all

concentrations exceeded 200 to 270 ug/kg, levels that exceed guidelines to protect wildlife

populations from chronic carcinogenic risk (Joy and Patterson 1997).  This sampling was similar
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o results from earlier studies (Johnson et al. 1986).  Furthermore, several studies hav

ocumented the presence of physical abnormalities on fish collected from agricultural drains and
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he lower Yakima River (e.g., Cuffney et al. 1997, USBR Denver Office monitoring project). 

A sediment budget also was constructed for the lower Yakima, because of the link between

SS and DDT (Joy and Patterson 1997).  Results indicated that in 1995, inputs from tributary

nd irrigation returns contributed a significant quantity of the sediment load for the river.  For

xample, Moxee Drain contributed 35 tons/day in the latter part of the irrigation season, while

he Naches River contributed only 27 tons/day, even though discharge in the Naches was 14

imes greater than Moxee Drain.  TSS concentration in Granger Drain, Sulphur Creek, Spring

nd Snipes Creeks and the combined load from the Yakama Reservation was 60, 110, 46 and 75

ons/day, respectively.  These values are within the range of other studies (Fast et al. 1991). 

Also apparent from this analysis was the huge influx of TSS during the early part of the

rowing season relative to the period from July through October (Table 5) in reaches spanning

he Naches confluence to Parker and Parker to Kiona.  For example, mean TSS load (tons/day)

rom March-October was 2.4x greater than mean load calculated from July-October from the

aches to Parker (Table 5).  Similar trends were apparent in the Parker to Kiona reach.

pparently, this is mainly a function of high TSS load (94 tons/day) carried by the Naches River



during spring runoff (March to July) relative to July to October (27 tons/day), although increased

TSS load in Yakama Nation tributaries and drains contributed to this as well.  The high TSS load

from the Naches is believed to be due to logging activities and sediment releases from the

reservoirs (Joy and Patterson 1997).  However, we believe that further studies are necessary to

distinguish the importance of these sources versus other variables, such as the influence of the

“flip-flop” flow regime.  

 

The lower reach generated 67 and 92% of the total TSS load carried from March to

    TSS SOURCES to NACHES-PARKER REACH          TSS  LOSSES from NACHES-PARKER REACH

Yakima Naches Roza small munipal return Moxee Wapato Sunnyside small Yakima sediment
Month River River return tribs. & indust. drains Drain other Total Canal Canal diversion River deposition Total

Mar-Oct 53 94 31 1.1 1.4 2.3 31 120 334 83 58 5.3 188 334
Jul-Oct 50 27 21 1.1 1.4 2.3 35 138 79 57 5.3 29 32 138

    TSS SOURCES to PARKER-KIONA REACH TSS LOSSES from PARKER-KIONA

Tribal    Project Areas sub-
Yakima tribs. & gaged ungaged municipal total irrigation Yakima sediment

Month River drains drains* drains sources other w/o Yak. Total diversions River deposition Total

Mar-Oct 188 75 213 43 0.2 55 386 574 546 28 574
Jul-Oct 29 52 230 43 0.2 325 354 177 24 153 354

* Moxee and Granger Drains, and Sulphur, Spring, and Snipes Creeks

Table 5.  Summary of total suspended sediment load (TSS; tons/day) in two reaches of the Yakima River.  The
first reach ranged from the Naches River confluence to Parker; the second from Parker to Kiona.  Data are based
on the 1995 irrigation season and are analyzed through two time spans; March-October & July-October.  (Taken
from Joy & Patterson 1997)
October and from July to October, respectively (Table 5).  This indicates that the lower Yakima
75

reach is obtaining > 90% of the TSS load during July to October from sources within this reach.

Of these sources, gauged drains in project areas contributed 213 tons/day, while Yakama Nation

returns cumulatively accounted for 75 tons/day, ungauged drains in project areas for 43 tons/day,

and unknown sources for 55 tons/day (Table 5).  Finally, as flows decreased from July through

October, sedimentation became prevalent.  Sedimentation in the upper reach accounted for 23%
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of the total TSS load (32 tons/day), while the lower basin was characterized by a 43%

sedimentation rate (153 tons/day).Thermal pollution

Numerous studies have cited temperature in the lower Yakima River, particularly below

Prosser, as a serious barrier to migration and to completion of salmonid life histories (Lilga

1998; SOAC 1999; Conservation Advisory Group 1997; Vaccaro 1986b; Pearsons et al. 1996;

USBR 1999).  This is particularly true during the irrigation season, when temperatures are often

stressful or lethal to salmonids (Lilga 1998; Lichatowich and Mobrand 1995; Lichatowich et al.

1995; Fast et al. 1991) (Table 6, Fig. 21).  For example, Lilga found that temperatures in the

lower river from June through November (1996) were lethal (>15.6 C) for salmon egg and fry

incubation between 60 and 85% of the time.  Temperatures are stressful for juveniles (>18.3 C)

between 25 and 65% of the time and stressful for adults (>15.6 C) between 60 and 85% of the

time.  Fall chinook, which successfully spawn in the lower river, avoid these high summer

temperatures by migrating upstream in the fall (October and November), with smolt

outmigration occurring later that spring (April).  However, under the current thermal regime,

summer chinook (a locally extinct run) are unable to complete all life history stages.   That a run

of summer chinook existed historically provides substantial evidence that the thermal

characteristics of the lower Yakima have been altered. 

Location RM Jun Jul Aug Sep Oct Nov

Parker 105 -- 0.2 1 0 0 --
Prosser -- 33 16 0 0 --
Kiona 30 11 89 69 5 0 --
Horn Rapids Park 19 6 86 -- -- -- --
Snively Rd. 16 -- -- 53 7 -- --
Yakima River Dr. 14 -- -- -- 2 0 0
Riverside Dr. 7.1 -- 100 70 3 0 --

Table 6. Percent of hourly stream temperatures exceeding WDOE standards (21 C) in the lower Yakima River in 1996
(Table taken from Lilga 1998).
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Lilga (1998) also examined the utility of using increased in-stream flows to decrease

temperature in the lower river.  She found there was no relationship between mean daily summer

stream temperature and flow and that ca. 70% of the variation in water temperature was

explained by air temperature.  However, as Lilga noted, several variables thought to influence in-

stream temperatures were not measured as part of this study.  These included subsurface flow

from surficial aquifers, withdrawals, surface flow from tributaries and irrigation returns, channel

Figure 22.  Cumulative effects (as percent of time exceeded) of water temperatures on three life history stages of
anadromous salmonids; adult, egg-fry and juvenile.  Data compiled from the lower Yakima River from June
through November 1996.  Figures taken from Lilga (1998).
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morphology, variation in water velocity, upstream temperature conditions, solar insulation and

topographic and riparian shading effects (Lilga 1998).  Because of these uncertainties, Lilga

concluded that a numerical model needed to be implemented before an accurate assessment

could be made of the relationship between in-stream flows and temperature. 

In a similar study, Vaccaro (1986b) analyzed the effect of four different management

scenarios on in-stream temperatures for the 1981 irrigation season.  Scenarios ranged from

estimated natural conditions (e.g., no storage, diversion or return flows) to various reductions in

irrigation withdrawal and return flows (e.g., reservoir release and no abstraction for irrigation;

50% reduction in all canals; 50% reduction in the major canals—hypothetically derived from

increased irrigation efficiency).  

Using sensitivity analyses, Vaccaro found that air temperature and travel time (positively

correlated to discharge) for a parcel of water were the most important physical variables

predicting water temperature, similar to results obtained by Lilga (1998).  Interestingly,

simulated natural conditions yielded higher in-stream temperatures in August and  September,

compared to any of the regulated scenarios.  However, the difference between scenarios was not

as pronounced below Parker versus above, suggesting that unregulated in-stream temperatures in

the upper basin were historically warmer; a function mainly of lower discharge during summer

base flow.  However, Vaccaro noted that in August and September, estimated unregulated

discharge for the model run (1981) was lower than usual (1981 unregulated Q at Union Gap =

92.24 m3/s; mean unregulated Q at Union Gap = 153.32 m3/s), while regulated discharge was

higher than usual, suggesting that in an average water year, the differences between scenarios

would not be as large, particularly in the upper basin.  Vaccaro also found that in August,



estimated unregulated temperatures were warmer, whereas mean unregulated temperatures

throughout the irrigation season were lower at Prosser and Kiona.  

Although many potential sources of error were noted, not included was the potential

effect of groundwater inflow and the interaction between historical spring flooding and

inundation of the alluvial aquifer with cool, spring melt water (as previously discussed) (Ward

1985; Bansak 1998; Ring and Watson 1999).  An analysis of the lower basin in August, 1997,

using digital aerial thermography indicated that there are numerous sources of cooler water

entering the system from many spring brooks and some tributaries (Holroyd 1998).  It is likely

that the influx of relatively cooler ground water was greater prior to regulation—potentially

providing thermal refugia for biota, including outmigrating smolts and returning adult salmon.

Although this is based on a conceptual framework (sensu Ring and Watson 1999), it is supported

by underlying fundamental principles of hydrology; namely that the infusion of cooler water,

earlier in the season (e.g. during historic spring runoff) over the active floodplain would provide

relatively more thermal refugia below Prosser than exists under the current regulation scenario

and with the significant alteration and disconnection of the floodplain.  Although we believe this

is a valid representation of historic conditions because it is based on fundamental hydrologic

principles, there is no question that additional studies are needed to quantitatively confirm or

refute this conceptual framework. 

Flood plain encroachment

The number of people living within the basin has increased, a factor likely linked to

increased utilization and/or extraction of floodplain resources.  Two examples include gravel

excavation and increased number of people living on the flood plain.  From 1960 to 1990, the

po en
pulation in Kittitas and Yakima Counties increased 23% (Fig. 22).  Similarly, there has be
79
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an average population increase of 31% over the same time period in the major towns and cities

throughout the basin (Fig. 22).  A detailed analysis of building permits granted in the floodplain

habitat would be useful, but basin-wide data were not obtained.  However, in a detailed analysis

of floodplain development in the upper Yakima Basin, Johnson (1994) found that in the

river/riparian complex from Lake Easton to the Cle Elum River confluence, all old growth

timber was removed by 1936.  Construction of Interstate 90 constrained 8 km of the 31 km

reach, while five major subdivisions, including a private camp and a golf course were developed 

Figure 23.  Population trends in Kittitas, Yakima and Benton Counties are shown in the upper figure.  The
lower figure includes population trends in the larger cities and towns located throughout the basin.  In almost
all cases, the population in the Yakima Basin has increased.
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between 1961-70 with 230 individual housing structures built within the designated river flood

plain.  Furthermore, an analysis of a 2 km section within this reach (Elk Meadows) indicated that

at least 10 spring brooks and backwater channels had been disconnected and showed no signs of

replacement or rejuvenation that historically would have been derived from flood events

(Johnson 1994).  It is significant that for a century prior to this time, structures were built out of

the active flood plain.  This change in building strategies is caused by increasing population

pressure and limited space.  We infer that these same patterns are evident throughout the basin.  

Indeed, recent research conducted by the Geography and Land Studies Department at

Central Washington University indicates that significant flood plain encroachment has occurred

(Eitemiller et al. 2000).  Using aerial photography and GIS, they estimated the percentage of loss

of functional floodplain in five alluvial reaches from the turn of the century to the present time.

Results indicate that on average, 66% of these five alluvial reaches have been disconnected

(Table 2) (Eitemiller and Uebelacker; personal communication).  

These losses are significant and disturbing because natural river structure and function

depends on the interaction of the flood plain and main channel.  For example, the flood plain

represents the only source of large woody debris (LWD), which is an important component for

habitat complexity and which is linked to the process of cut and fill alluviation.  Thus, the

interaction of the LWD and fluid hydraulics serves, in large part, to determine the structure and,

therefore, the potential function of the floodplain-riverine ecosystem.  In the Yakima Basin, the

flood plain is dominated by black cottonwood (Populus trichocarpa) plus other species (see

Appendix A for a review of historical vegetation accounts, current distribution of native and

nonnative plants and past and ongoing research activities related to riparian vegetation in the

basin). 
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SUMMARY OF LIMITING FACTORS

1. Negative interactions between fish species (wild versus exotic and wild versus hatchery)

- Currently, there are 19 known exotic species in the Yakima, including brown trout, brook

trout, carp, channel catfish, bullhead, bass, crappie, bluegill, pumpkinseed, walleye and

yellow perch (Pearsons et al. 1998; Ham and Pearsons 2000).  In the upper basin, hatchery

reared residual steelhead negatively impacted wild rainbow trout populations but did not

appear to affect juvenile spring chinook in enclosures (McMichael et al. 1997).  Hatchery-

reared steelhead smolts also displaced wild O. mykiss (anadromous and potamodromous) in

79% of the contests between the two groups, indicating that artificially produced fish can

have a negative ecological impact on preexisting wild populations (McMichael et al. 1999).

Rainbow trout abundance and biomass were not negatively impacted by wild juvenile spring

chinook (McMichael and Pearsons 1998).  Studies in the lower basin on competition

between exotics and native species are currently being conducted.  The majority of the exotic

species inhabit the lower reaches (Geoff McMichael, pers. comm.).

2. Alteration of the flow regime - There is no question that the water resources of the basin are

over-allocated.  Furthermore, it is likely that trends in global warming and declining snow

pack will potentially decrease water availability in the future.  For example, Pelto (1993)

found that from 1952 to 1992 the number of advancing Cascades glaciers declined from 61%

to 0%.  Within the basin, approximately 60% of the mean annual stream flow is utilized for

drinking, irrigation and power generation (Molenaar 1985; Cuffney et al. 1997).

Furthermore, return flow from agricultural activity contributes approximately 85% of the

stream flow to the river below the city of Yakima (Cuffney et al. 1997).  An analysis of

hourly flow fluctuations (SOAC 1999) indicated that the lower river reaches below Parker
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are subject to hourly changes in flow.  This type of rapid flow fluctuation will have a

negative impact on river biota and productivity.  In addition, the flow regime in the upper

basin and Naches River are significantly altered by the “flip-flop” regulation scenario in

which the upper basin experiences elevated base-flows during the summer, while the Naches

experiences sediment-competent flows for up to two weeks in September.  This type of

fluctuation (both hourly and seasonally) is a result of 5 storage reservoirs and 64 irrigation

diversions, which have dramatically altered the natural hydrograph (Parker and Story 1916;

Kinnison and Sceva 1963; Vaccaro 1986a; Tuck 1995; SOAC 1999).

3. Impairment of water quality (TMDL) - Several studies have documented the high

occurrence of carcinogenic compounds, such as DDT, which bioaccumulate in invertebrates

and fish, particularly in river reaches below the city of Yakima (Johnson et al. 1986; Fuhrer

et al. 1996; Cuffney et al. 1997).  For example, the percent of fish with physical anomalies

collected in a synoptic sampling effort in the lower Yakima River between Parker and Kiona

ranged from 11 to 28 (Cuffney et al. 1997, plus others).  Variation in DDT concentration has

been correlated with suspended sediment concentration, which has been shown to range from

<1 to 490 mg/L in the lower Yakima River (U.S. BOR 1999).

4. Alteration of the natural temperature regime - Temperatures are often high enough (i.e.,

> 26 C) to prevent passage of cold-adapted fish, particularly in the lower Yakima River

below Prosser (Vaccaro 1986b; Lilga 1998; Bruce Watson pers. comm.).

5. Reduction in habitat heterogeneity and flood plain connectivity - Maintenance of river 

ecosystem integrity requires physical linkage in three dimensions; longitudinal, vertical and

horizontal (Stanford and Ward 1993; Ward and Stanford 1995a).  For example, upstream

activity, both naturally occurring and anthropogenic, will influence structure and function of



downstream reaches.  Similarly, groundwater connectivity and annual inundation of the flood

plain maintain vertical and lateral connectivity, which are required attributes for normal river
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etrospective analyses

Measures of habitat heterogeneity are important indicators of ecosystem integrity or health,

nd increased habitat heterogeneity has been linked to improved ecosystem structure and

unction (Connell 1978; Ward and Stanford 1983; Covich 1988; Poff and Ward 1990).  In the

akima River Basin, some studies have examined this relationship, particularly in reference to

he effect of anthropogenic activities on the frequency of pools, large woody debris, log jams and

iparian structure—all measures of habitat heterogeneity. 

Wissmar et al. (1994) summarized anthropogenic activities in the basin with particular

mphasis on the Little Naches River.  In 1990-1992, the Pacific Northwest Research Station

USFS) and the University of Washington resurveyed 80 km of tributaries in the Yakima Basin

Taneum, Little Naches, Rattlesnake and American Rivers, respectively).  This was compared to

urvey data collected in the 1930’s and 1940’s, particularly in reference to pool frequency

McIntosh et al. 1994).  Finally, surveyed reaches were divided into two groups for comparison

f the frequency of large woody debris (LWD) and log jams.  These two groups included reaches

ocated in managed areas used for timber, livestock, agriculture or mining versus reaches located

n wilderness or roadless areas.  Results indicated that the frequency of pools (%) increased from

he 1930’s and 40’s to the 1990’s in both managed and unmanaged areas (Table 7) (McIntosh et

l. 1994).  However, the increase in unmanaged areas was 23% greater than the increase in
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managed areas, which they attribute to the myriad of anthropogenic disturbance events

experienced within the managed reaches.  

The increase in pool frequency in both managed and unmanaged areas was attributed to a

recovery from intensive cattle and sheep grazing that had occurred, beginning in the 1860’s, and

peaking in 1880’s for cattle.  Uebelacker (1986) noted that 260,000 sheep were permitted to

graze in the Naches and Tieton Basins based on records from 1907.  By 1923, only six grazing

allotments were located in the Little Naches Basin and by the 1930’s, the number of sheep

permitted to graze on these remaining allotments was <10% of the historic peak numbers

(Wissmar et al. 1994).  Thus, both managed and unmanaged reaches have improved (as

measured by pool frequency) from historic conditions.  However, unmanaged reaches have

“recovered” to a greater extent.  This is substantiated by more than two times as many pieces of

             Change in      Number of pieces              Number
           frequency (%)   of Large Woody Debris               of jams
              of pools              per km               per km

Basin Name   (1930's vs. early 1990's)          (early 1990's)              (1990's)

Managed Unmanaged Managed Unmanaged Managed Unmanaged

Yakima 111 144 32.8 72.7 5.8 13.8
Methow 100 240 69.2 40.2 12.3 8.1
Wenatchee 57 200 26.7 72.5 3.5 11.9

Mean change 89 195 42.9 61.8 7.2 11.3

Table 7.  Changes in the frequency of large pools from 1934-42 versus 1990-92 in managed and unmanaged areas.
Comparison of LWD (> 0.1 m dia.) in 1990-92 in managed and unmanaged areas (McIntosh et al. 1994).
"Managed" streams were those used for timber, livestock grazing, agriculture, or mining; "unmanaged" were
located in Wilderness or roadless areas.  Streams surveyed in the Yakima Basin include Taneum and Rattlesnake
Creeks and the Little Naches and American Rivers.  Taken largely from McIntosh et al. (1994).
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large woody debris and log jams found per km in unmanaged reaches versus managed reaches

(based strictly on 1990’s survey).  

In the lower Little Naches River, Smith (1993) documented changes in the riparian

community using aerial photographs from 1949, 1962 and 1985.  Changes included reduced

conifer stands (from 66% to 12%; left bank), decreased vegetated areas (72% to 47%; left bank)

and increased canopy opening (36 to 67 m; right and left banks).  These changes were attributed

to a combination of anthropogenic and natural disturbance events including selective harvest in

the 1960’s, major flood events in 1964 and 1977, highway and revetment construction and

increased recreational use.  Similar changes in the percentage of conifers were observed in the

upper Little Naches, whereas riparian width actually decreased (attributed to delayed timber

harvest until 1975 versus 1960’s).  In general, these changes in the Little Naches River indicate a

decrease in the potential supply of woody debris, which, as discussed above, is a necessary

component for maintaining channel complexity and habitat heterogeneity.  Furthermore, these

changes indicate a potential for increased bank erosion and sediment input (Wissmar et al.

1994).  We believe that this type of analysis, although conducted on a tributary of the Naches

River, is applicable to the Yakima River in general.

In a study conducted in 1990 as part of the National Water-Quality Assessment Program,

the U.S. Geological Survey (USGS) analyzed fish, benthic invertebrates and algal communities

at 25 sites throughout the Yakima River Basin (Cuffney et al. 1997).  The results of these

biological analyses were linked to both physical and chemical conditions within the basin in an

attempt to explain patterns in distribution of biota.  Furthermore, community structure was used

to derive a series of multimetric indices (for fish, insects and algae) used to indicate the degree

of impairment of a given site, relative to reference sites located within each ecoregion. 
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Fish communities in the headwaters and upper Yakima Basin (Cascades and Eastern

Cascades ecoregions) were dominated by cool-water species (Salmonidae and Cottidae Families)

whereas the lower Yakima Basin (Columbia ecoregion) was dominated by suckers

(Catostomidae) and nonnative species, such as sunfish and bass (Centrarchidae).  

Analysis of macroinvertebrate community structure indicated that sensitive taxa, such as

insect members of the Orders Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera

(caddisflies) (EPT), were found in higher abundance within the Cascades and Eastern Cascades

ecoregions versus the Columbia Plateau ecoregion.  Stoneflies were generally found in higher

elevation streams in the upper Yakima, where stonefly species richness was positively related to

elevation.  Taxa richness in general was negatively related to the intensity of agricultural activity

and positively related to canopy closure (Cuffney et al. 1997). 

Finally, differences in algal community structure in the upper Yakima were explained by

dominant rock type and were correlated to the density of large woody debris and riparian

structure (Leland 1995).  In the lower basin, differences in algal assemblages were explained by

the degree of enrichment of dissolved solids, inorganic nitrogen, and dissolved phosphorus

derived from irrigation return flows and subsurface drainage and were correlated with altitude,

turbidity, embeddedness and riparian structure (Leland 1995).

Direct gradient analysis (principal components analysis; PCA) was used to identify

physical and chemical gradients (Cuffney et al. 1997).  These included elevation as the dominant

factor explaining the distribution of organisms and agricultural intensity and stream size, which

were of secondary importance.  Once identified, these physicochemical gradients were used in

another gradient analysis (canonical correspondence analysis, CCA) to identify site groups based

on the degree of similarity between communities.  Results indicated that sites were grouped into



88

either small streams of the Cascades and Eastern Cascades ecoregion, small streams of the

Columbia Basin or large rivers.  This site separation aided in separating the influence of

elevation from anthropogenic variables.  Communities were separated into three groups: (1) high

elevation, cold-water, low agricultural intensity; (2) lower elevation, warm-water, low

agricultural intensity; and (3) low elevation, warm-water, moderate-to-high agricultural intensity

(Cuffney et al. 1997).  

Use of multimetric community condition indices (such as percentage of tolerant species for

fish or EPT richness and abundance for invertebrates) indicated that the upper Yakima (Cascades

and Eastern Cascades ecoregions) were largely unimpaired (Fig. 23).  In the Columbia

ecoregion, sites were generally impaired or severely impaired as measured by multiple

indicators—conditions that were linked to nutrients and pesticides (e.g., agriculture) (Fig. 23)

(Cuffney et al. 1997).  All large river sites, with the exception of the site located above Yakima,

were moderately to severely impaired (Fig. 23), corresponding with high levels of pesticides in

fish tissues and the presence of external anomalies. 

Finally, Cuffney et al. (1997) identified potential responses in fish, invertebrates and algae

to mitigation efforts that could occur as agricultural intensity increased from headwaters to

mouth (as measured by turbidity, specific conductivity, embeddedness and nutrients; the

nonpesticide agricultural index (NAPI)).  They predicted that fish mitigation would yield

comparable improvement, no matter the level of agricultural intensity (e.g., fish exhibited a

linear response to NAPI).  However, both invertebrates and algae appeared to exhibit a

sinusoidal response to the gradient observed in agricultural intensity.  As such, it would be

impossible to distinguish a positive response to mitigation by monitoring of either benthic algae

or invertebrates within a relatively broad range of agricultural intensities.
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Not surprisingly, these analyses indicate that physical and chemical conditions worsen in a

downstream direction—the habitat templet becomes more rigorous or selective.  As such,

riverine and floodplain biota at all trophic levels are arrayed accordingly, such that biota in the

upper basin are relatively unimpaired compared to the lower basin, where impairment is

significant.  This is not to say that conditions are hopeless.  For example, specific factors related

to impairment included nutrient additions and pesticides.  Once variables are identified, they can

be potentially mitigated.  Furthermore, the analysis of Wissmar et al. (1994) and McIntosh et al.

(1994) on the upper Naches indicated that river ecosystem integrity, as measured by habitat

heterogeneity, can recover from perturbations, even without the assistance of human

intervention.  Perhaps it is significant that the Naches River maintains a more natural flow

regime due to the lower reservoir storage capacity relative to the upper Yakima River.  Once

again this supports our premise that a shift to more normative river operations will likely go very

far in improving ecosystem integrity in the Yakima Basin. 

The role of beaver (Castor canedensis)

Historically, beaver likely inhabited most portions of the Yakima Basin (both dam

building beaver in side-channels, spring-brooks and tributaries and bank-building beaver in the

mainstems) (T. Hames, YN, pers. comm.) although even by 1855, the population had been much

reduced by trapping (Glauert and Kunz 1972).  At the present time, beaver distribution and

density is likely reduced although where adequate riparian forage exists (namely native

cottonwood and willow), beaver usually will be found (Tracey Hames, YN, pers. comm.). Given

that historic beaver distributions were likely much greater, the effect of this keystone species on

numerous ecosystem-level processes would have been quite dramatic.  For example, research

has demonstrated that beaver alter the hydrology, channel geomorphology, rates of nutrient 
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Figure 24.  Summary of the condition of fish, invertebrate and algal communities in relation to habitat conditions
(both physical & chemical) at various sites in the Yakima Basin.  Community structure was used to derive a series
of multimetric indices (for fish, invertebrates and algae) to indicate the degree of impairment of a given site, relative
to reference sites located in the same ecoregion.  Similarly, the physical and chemical habitat was ranked by
generating a series of indices that included metals, pesticides (occurring in filtered water, suspended sediment, bed
sediment, and fish tissue) and a non-pesticide agricultural index (NPAI) (all shown above), as well as a disturbance
index (strongly correlated to NPAI and not shown).  Figure taken from Cuffney et al. 1997.
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transformations, and secondary community productivity (see Naimen et al. 1984 and 1994, for

good reviews).  For example, in a study conducted in northern Minnesota, Schlosser (1995)

demonstrated that beaver ponds tend to act as reproductive sources for non-anadromous fish,

while the stream itself tends to act as a potential sink.  In the Yakima River, sampling of side

channels and spring brooks adjacent to the main channel generally yields a higher abundance of

non-anadromous fish and juvenile salmonids relative to mainstem habitat (E. Snyder and S.

Crocci, personal observation).  In addition, juvenile salmonids tend to be concentrated just below

beaver dams.  In almost all cases, these side channels and spring brooks sustain active beaver

populations.  

Headwaters and tributary streams

As discussed previously in the conceptual foundations portion of this synthesis, recognition

of the importance of tributaries to overall river ecosystem integrity is crucial.  Numerous

ecosystem-level concepts in Stream Ecology (the RCC, and Materials-Spiraling Concept, for

example) explicitly acknowledge that headwater and tributary reaches are longitudinally linked

to mainstem habitat.  For example, the RCC in conjunction with the Flood-Pulse Concept states

that in-stream productivity is directly a product of the import of carbon from (a) upstream

sources (the inefficiency of upstream reaches provides fuel for downstream reaches), (b) from

lateral and vertical import from the floodplain, and (c) from carbon reduced or fixed by algae

within the reach itself.  Indeed, Minshall et al. (1992) note that ecosystem-level processes such

as carbon spiraling and nutrient dynamics, as well as macroinvertebrate composition and

function can be substantially altered by tributary inflow.   

In the Yakima Basin, because of the serial discontinuity (sensu Ward and Stanford 1983)

caused by structures such as Roza and Sunnyside Dams, tributaries provide important sources of
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organic material (including large woody debris) and nutrients, thermal refugia, habitat for fish

and other species, migration corridors and gravel; the latter of which is critical for the process of

cut-and-fill alluviation and the maintenance of a complex floodplain landscape (Ward and

Stanford 1995a).   For example, sediment delivery from the Naches River to the Yakima River

likely provides a major portion of the gravel by which the river can accomplish work in the

Union Gap reach (Mark Lorang, UMT, personal communication).  In addition, tributaries such

as the Teanaway, American, and Little Naches Rivers as well as Cabin, Big, Little, Manastash

and Taneum Creeks all provide the unregulated flows that keep the mainstem alluvial reach

habitat dynamic in terms of discharge.  This is crucial in the Yakima Basin where mainstem

discharge is largely regulated.  Although the water conservation measures carried out by the BoR

through YRBWEP are often thought of explicitly in regards to the maintenance of mainstem

flows, this activity also can retain more water for the maintenance of tributary flows (for

example in the Kittitas Valley with Naneum, Wilson, Reecer, Cherry, and Manastash Creeks),

some of which are completely dewatered during the irrigation season.  In addition, tributary

systems represent critical habitat for many species including the threatened bull trout and

steelhead, extirpated sockeye, and the recently reintroduced coho (YIN et al. 1990, Flagg et al.

2000).

In the Yakima Basin, headwaters are generally located in National Forest or are owned

privately, mainly by large logging companies, such as Boise Cascade.  Sound management of

these areas is critical for maintaining healthy aquatic habitats, both in the headwater streams and

further downstream in the Yakima and Naches Rivers.  It was not the intent of this report to

summarize conditions in all subbasins and examples of habitat condition cited below are mainly

from the Snoqualmie Pass Adaptive Management Area.  However, we believe that headwaters
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throughout the Cascades Ecoregion of the Yakima Basin are in similar condition and experience

similar perturbations (for detailed information, consult the individual Watershed Analyses by the

Forest Service for each subbasin (Swauk, Cle Elum, Yakima, Taneum/Manastash, Tieton, Oak,

Rattlesnake, Bumping, American, Naches mainstem, Wenas and Little Naches)).     

The Snoqualmie Pass Adaptive Management Area (AMA) is located in the Upper Yakima

Watershed with the majority located within the Wenatchee National Forest, east of the Cascade

crest.  Examination of land ownership reveals a checkerboard pattern in which every other

square mile is privately owned and is a result of the attempt by the federal government in 1864

to get the Northern Pacific Railroad to establish a line from the Great Lakes to Puget Sound.

Most of this land has since changed hands.  Of significance to the Yakima River ecosystem is

the fact that most of this private land has been logged (U.S. Forest Service 1997).  Furthermore,

the AMA is located within the Cascades Ecoregion, where the majority of water used to meet

irrigation demands and in-stream flow requirements from the upper Yakima reservoirs is

derived.  Current management of the Snoqualmie Pass AMA emphasizes: (1) establishment and

maintenance of late-successional forest; (2) recognition of the importance of the AMA as one of

several critical links in the north-south migration corridor that runs along the Cascade range; and

(3) an attempt to strike a balance between economic and ecological values. 

Within the Snoqualmie Pass Adaptive Management Area, 25% of the land is located within

riparian zones (49,000 out of 196,000 acres total) and of these, the Forest Service manages 56%

(27,300 acres); the remainder of which are located on private land owned largely by Plum Creek

Timber Company.  Although Plum Creek does operate under a habitat conservation plan,

riparian buffer strips are narrower and harvest is less restrictive than federally managed land.

However, the conservation plan used by Plum Creek does provide more protection than the land
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managed by the State of Washington.  Of the 56% currently managed by the Forest Service,

approximately 29% (8,000 acres) do not meet Forest Service standards.  For example, these

areas are typically lacking in (a) large woody debris due to a lack of late-successional riparian

stands, (b) decreased cover and increased solar radiation, and (c) loss of understory vegetation

due to trampling (U.S. Forest Service 1997).  

Water quality in the AMA is compromised mainly by sediment delivery to streams.  Point

sources include erosion from road construction and runoff and stream bank erosion, particularly

at stream crossings and in riparian areas receiving heavy use.  Nonpoint sources include areas

where understory and woody debris has been removed for recreational fires and logged areas.  In

an analysis of 33 watersheds comprising the AMA, the Forest Service found that 17 of these

watersheds were at an elevated risk for compromised water quality; particularly sedimentation

(U.S. Forest Service 1997).  Environmental variables associated with this increased risk of

sedimentation generally included higher values for the following variables:  gradient; road

density; percentage of disturbance in the riparian zone; percentage of disturbance of

hydrologically sensitive soils; percentage of soil compaction; percentage of hydrologically

immature vegetation; increased percentage of watershed at risk from runoff due to management;

and decreased LWD recruitment potential (see Table 4-2, page 4-10; U.S. Forest Service 1997).

For example, road densities were significantly greater (p<0.05) in the higher risk watersheds

(mean road density = 4.1 miles/square mile of watershed) versus the lower risk watersheds

(mean road density = 1.5 mi/mi2).  

This pattern indicates that riparian encroachment and degradation begins at the headwaters,

progresses downstream and ranges from logging activities, such as clear cutting and road

construction, to urbanization and the spread of permanent dwellings onto the flood plain.  In
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order to implement a normative flow regime, these impacts need to be quantified and mapped in

order to identify severe impacts as well as to locate reaches still in relatively pristine condition.

The Watershed Analyses by the Forest Service serve as a starting point for this process.  In

addition, a function of a normative flow regime is to re-establish connectivity with the flood

plain in reaches currently isolated by dikes and revetments.  Relatively pristine river reaches do

exist (see below), and we strongly believe they must be protected because they are isolated and

in danger of becoming more isolated (note trends in human population over the past 40 years;

Fig. 24).  Pressure on any relatively undisturbed floodplain habitat will only increase.  It is our

hope that recognition of this trend will provide foresight to protect remaining floodplain habitat.  

CONCLUSION 

Although the absolute carrying capacity of the Yakima Basin is unknown, almost all of the

Yakima literature and data directly or indirectly supports the conclusion that there are too few

returning adults of native anadromous salmon and steelhead.  The system could support some or

many more fish, especially if mortality within (detailed above) and outside (e.g., mainstem

mortality; ocean harvest) the Yakima Basin could be ameliorated.  Indeed, the lack of returning

adults is itself a limiting factor, meaning that some sort of a stock-recruitment must exist but

recruitment potential within the Basin likely is much lower than historical run estimates imply

because historical habitat condition and diversity no longer exists (see Lister 1994).  Hence,

quantifying the relationship between normative habitat and carrying capacity (and ultimately

adult returns) is the crux of the restoration problem.  We conclude that the only way to

absolutely quantify this relationship is to implement normative flows, reconnect critical

floodplain habitat and to quantify what happens in the long term through rigorous monitoring
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and evaluation.  Clearly understanding how flow re-regulation may create normative habitat,

especially for juvenile life stages, is crucial.

DATA GAPS

Based upon the analyses and synthesis presented above, a number of gaps in the available

data were evident.

1. Sediment budget – Rates of sediment supply and delivery are a key factor determining the

spawning success of anadromous salmonids and steelhead.  This applies not only to the

sources and transport of spawning gravel, but also to the flux of finer-grained transported

material that can smother redds and bury spawning gravels.  Recently, much emphasis has

been placed on the detrimental impacts of gravel extraction within the flood plain.  Potential

restoration or mitigation strategies will very likely involve a complete understanding of

sediment flux in various reaches; particularly between Roza Dam and Union Gap.  Because

of flip-flop, sediment dynamics in the Naches River are likely severely altered, and

quantitative information needs to be gathered to understand this process.  Finally, are the

various reaches degrading or downcutting due to lack of gravel caused by revetment and

flow regulation?  This is a highly relevant question that has not been investigated at all in the

Yakima Basin. 

2. Water budget – A water budget that allows the BoR to accurately predict the effects of

conservation and allocation scenarios is essential.  For example, we need to know precisely

how much flows can be increased by various conservation techniques.  This involves

monitoring discharge in withdrawals and returns.  This information is vital for making sound

ecological decisions.  Also, we need to be able to accurately assess the condition of
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backwater habitats, which are critical for juvenile rearing (Pearsons et al. 1996).  A rigorous

water budget provides the tools necessary for predicting water elevation in these habitats

throughout the basin.  Finally, the water budget needs to be peer-reviewed, a process that

provides credibility to decisions made using the water budget as a tool.  

3. Temperature budget – We need to know the extent to which river temperatures in the lower

Yakima are influenced by surface water versus ground water.  Historically, spring flooding

provided an annual source of cool water to the groundwater system.  Throughout the

summer, this cool groundwater reserve would recharge into the river, maintaining lower in-

stream temperatures.  Also, winter stream temperatures would be warmer given increased

groundwater inflow.  Currently, up to 80% of the in-stream flow in the lower Yakima comes

from irrigation and municipal returns.  This water not only is warm, but also is loaded with

suspended sediment, which has been positively correlated with the concentration of DDT

(Cuffney et al. 1997 and others).  

4. Food web structure and function – There is a lack of information on food web structure,

primary and secondary productivity.  This type of analysis is critical if limiting variables are

to be identified.  For example, the potentially synergistic interaction of habitat limitation and

food limitation is unknown.  This type of analysis ideally should be done with all salmonid

species of concern and at different life history stages.    

5. Juvenile salmonid ecology- Current research indicates that juvenile salmonids utilize

backwater habitat extensively in the upper Yakima (Pearsons et al. 1994, 1996).  Estimates

need to be made examining the degree to which these habitats have changed over the past

100 years (as above in 3, this analysis is currently being undertaken for some river reaches).

Smolt migration has been linked to rapidly increasing flow (Fast et al. 1991).  The
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mechanisms causing this increase need to be addressed in the context of historical flow

regimes.  

6. Species interactions – There is a need to further determine the relative importance of top

down (e.g. predation, competition, etc.) versus bottom-up controls (food availability, habitat

suitability as discussed above (#5) for juvenile salmonids) on salmonid abundance and

distribution.  In addition, ecosystem structure and function was strongly influenced by the

influx of marine-derived nutrients from returning anadromous salmonids, and from the

historical effects of beaver (Castor canedensis) which can only be estimated (e.g. there are

only anecdotal accounts of beaver within the Yakima Basin).  These variables must be

incorporated into a discussion of the historic versus current habitat templet and necessarily of

a return to some semblance of historic via the “normative” process. 

7. Ground water/surface water interactions – In naturally functioning river ecosystems, the

interface (ecotone) between surface and ground water is most prevalent in the riparian zone,

which acts as a landscape filter.  The zone is characterized by high retention and

heterotrophic transformation of OM and inorganic nutrients and removal of nitrogen and

phosphorus through denitrification and adsorption (Pusch et al. 1998).  In large alluvial rivers

such as the Yakima, the riparian zone must be serimposed over an extensive flood plain that,

at least historically, was temporally and spatially heterogeneous.  The structure and function

of the riparian zone is mediated by geomorphic and hydrologic variables, such as

precipitation patterns, which determine flow regime (Stanford 1998).  The Flathead Lake

Biological Station and Central Washington University are currently conducting studies to

determine the extent of biophysical interaction between the flood plains and river. 
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8. Catchment level controls - There have been no measurements or estimates on the effects of

regulation and modification on nutrient cycling, energy metabolism, trophic structure and

function and decomposition rates.  These types of analyses require measurements of algal

and macroinvertebrate standing stocks (for measurements made in autumn; see Leland 1995

and Cuffney et al. 1997), solar radiation and nutrient flux throughout the year.  There is a

need to incorporate the natural disturbance regime into past and ongoing research activities.

Historically, annual spring flooding provided a predictable disturbance event and one of the

major components of the habitat template (Southwood 1977) for the Yakima River.  We

know that salmonid fish populations in the basin are spatially and temporally variable

(Pearsons et al. 1994), a response likely linked to abiotic factors, such as disturbance regime.

PRIORITIZATION OF REACHES FOR RESTORATION

The central premise of contemporary river ecology is that the most aggraded sections of a

river system contain vulnerable habitats because these are the areas where altered flow

regulation, coupled with channel and flood plain revetment and modification have the greatest

spatial effect.  Our “reaches study,” funded by BOR and scheduled for completion in 2001,

addresses this problem quantitatively for the Yakima River system and a preliminary analysis is

included in Snyder, et. al.(in press).  Certainly, as we show above, high summer temperatures

and presence of abundant non-native predators are problematic in the canyon segment of the

lower river from Prosser to the Columbia River. Nonetheless, it is clear that aquatic habitat in the

floodplain reaches have been substantially more impaired than constrained headwater reaches or

the canyons of the mainstem.  
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Early in the synthesis process, the various flood plains in the Yakima River system were

identified and qualitatively evaluated and ranked in priority order for restoration.  Rank was

based on the following considerations: 

• natural habitat (floodplain) heterogeneity (size of the shifting habitat mosaic)

• natural aquatic productivity (measured or potential)

• current and historical use by salmon/steelhead (all life stages)

• restoration potential (possibility of land acquisition and revetment removal)

1. Upper Yakima-Teanaway.  This very complex flood plain begins below Easton Dam,

including the confluence of the Teanaway River and ends about halfway between the

Teanaway and Swauk Creek.  Primary zones of upwelling and braiding are located around

the Teanaway-Yakima confluence and includes the lower ca. km of the Teanaway.  This

entire flood plain is largely intact, but is influenced by regulated flows from Cle Elum,

Kachess and Keechelus Lakes, abstraction via Easton Diversion, several diversions on the

Teanaway and road and railroad revetments throughout the reach.  The Teanaway-Yakima

confluence area has substantial restoration potential because the land is not heavily

developed and because remnant backwaters and spring brooks are present in spite of the road

berms and bridge revetments.  At the Easton (upstream) end of the flood plain the Interstate

highway and gravel pits created during construction of the highway considerably constrain

the flood  plain.  Nonetheless, this reach has the most returns of spring chinook spawners in

the Yakima system.   

2. Kittitas Valley.  This large flood plain begins at about Taneum Creek and ends upon entry of

the river into Yakima Canyon.  Much of this flood plain is disconnected from the river by

Interstate 90 and other road berms and it is influenced by flow regulation from the headwater
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reservoirs and diversions.  Riparian encroachment by new homes is also a big problem.

However, no large diversions occur in this reach and the lower 5-8 km is a very complex

upwelling system with substantial intact riparian forest and minimal housing encroachment.  

3. Union Gap.  This is the large flood plain between Naches-Yakima confluence and Union

Gap.  There is extensive flood plain encroachment and revetment associated with

urbanization.  The lower 5 km is extensively upwelling with a fair amount of interconnected

floodplain habitat.

4. Upper and Lower Naches.  The upper Naches flood plain is located within the Nile Valley of

the Naches River, 3 km above and below the confluence of Rattlesnake Creek.  It is

reasonably intact but is influenced by regulated flows from Bumping Reservoir.  The lower

Naches valley flood plain, which is large and extensively braided, occurs from the Naches

Canal Diversion to near the Naches confluence with Yakima.  The lower 8 km is an

extensive upwelling zone with several large spring brooks and substantial fisheries habitat.

Housing encroachment is minimal but the reach is substantially influenced by regulated

flows from the headwater reservoirs during late summer.

4. Wapato.  This is the largest flood plain in the catchment.  It begins below Union Gap and

extends about 35 km to near the confluence of Satus Creek where the river enters a meander

zone (from Satus to Sulphur drain).  This flood plain is largely intact with an extensive

cottonwood gallery forest, although it is influenced by Sunnyside Dam and other upstream

diversions and irrigation returns via numerous drains.  The floodplain habitats are most

complex from the Wapato Bridge to the meander zone with extensive riparian wetlands

associated with upwelling from the alluvial aquifer system. 
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6.  Selah.  This flood plain begins at the lower end of Yakima Canyon, 8 km downstream from

Roza Dam, and ends at Selah Gap.  The reach is substantially modified by gravel mining but

has a nice upwelling zone at its lower end that probably could be rehabilitated by normative

flows if gravel mining ended.  

7. Yakima Mouth.  This flood plain likely was very extensive and complex prior to the

construction of McNary Dam on the Columbia River.  Remnant riparian forests remain on

exposed portions of the extensive alluvial delta (most of the original delta is submerged).

The reach is substantially modified by inundation and erosion associated with McNary Pool,

but a substantial expanse of wetlands exists on the fringes.  Impoundment by McNary Dam

extends about 3 km up the Yakima River channel, further modifying the flood plain system.

Surface and groundwater interactions appear to be dominated by infiltration of McNary

water, which probably maintains the fringing wetlands.  

8. Ahtanum Creek.  The middle reach of this creek (from confluence of North and Middle

Athanum to about 10 km downstream) has channel features that suggest extensive alluviation

and a variety of spring brooks are present in the lower portion.  But, very little riparian

vegetation is present, perhaps due to livestock grazing.  The reach needs to be inspected in

more detail before it can be considered a key restoration site.

We emphasized that listing of these areas of the basin as priorities did not mean that the rest

of the river corridor did not require restoration of normative conditions.  The premise was that if

the most aggraded reaches are naturalized, the more constrained reaches will also be enhanced,

because change in river stage likely has relatively less spatial influence.  Moreover, a key

uncertainty in this ranking was the relative importance of the meandering reach between the
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Wapato flood plain and Prosser.  This reach has considerable habitat complexity, but we could

not find any literature describing salmonid use of the reach or its ecology.  

In the course of the synthesis study, we revisited our somewhat arbitrary ranking of these

flood plains.  We now had preliminary information from the reaches study that had strong

implications for prioritizing land and water acquisition under YRBWEP.  First, the reaches study

quantified the amount of flood plain encroachment which showed that most of the reaches

studied, including Easton and Kittitas flood plains, are substantially constrained by the interstate

highway (including associated gravel pits) and other encroachments.  Second, the restoration

potential was highest at Union Gap, considering the amount of land needed for full flood plain

restoration, presence of willing sellers, opportunities for revetment removal (related to Corps of

Engineers guidelines for re-construction of aging or misplaced revetments) and likelihood that

head cutting associated with channel capture of gravel pits could be contained.  Finally, we

documented considerable use of flood plain (off-channel) habitats in the Union Gap reach by

juvenile salmonids, although this phenomenon was observed on all the reaches studied.  The

most diverse habitats are present on the Wapato flood plain but it is substantially dewatered in

the late summer most years.  

Therefore, we conclude that the Union Gap flood plain probably should be placed very

high on a priority list for restoration in relation to likely ecological return on conservation

investment and the likelihood of the entire reach being restored to a normative condition.  Again,

this does not mean that other areas in the basin should be ignored.   The objective must be to

restore normative conditions in the entire river corridor because, as we show above, most of the

river system is either used or could be used by chinook salmon or steelhead.  All of the flood
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plains have considerable restoration potential if problems associated with dewatering or radically

fluctuating flows (flip flop) can be solved.   
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APPENDIX A:  Riparian Vegetation of the Yakima River
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Introduction

For miles, cottonwood gallery forests line the upper Yakima River, offering shade, eagle
roosting habitat, diversity to homogeneous sage-steppe vegetation and much more.  These
riverside plant communities (riparian forests) provide a link between the river and the terrestrial
ecosystem (Gregory et al. 1991).  Riparian vegetation contributes to floodplain processes, such
as nutrient cycling (Dahm et al. 1998 and Tabacchi et al. 1998) and to floodplain structure, such
as island and secondary channel development via deposition and transport of wood debris
(Gregory et al. 1991).  However, people threaten riparian forests by altering river flows with
dams and diversions, introducing nonnative plant species, destroying native species and
confining the river with roads and rip-rap.  By altering vegetation dynamics along the river,
humans also potentially alter in-stream processes critical to salmon success.

In researching this synthesis report, we found a scarcity of publications about vegetation
along the Yakima River.  This paper reviews what information we did find, including botanical
inventories dating to the 1850s from railroad survey crews, recent research from the University
of Washington and a general discussion about plant contributions to river ecosystems.  The
conclusion outlines questions that may help us better understand the role of plants in the Yakima
River ecosystem. 

Historical Yakima River Vegetation

Between 1853 and 1855 explorers surveyed the Washington Territory to determine railroad
routes.  Their reports provide some description of riparian vegetation along the Yakima River
prior to development (U.S. Senate Ex. Doc. 1860).  According to the reports, the lower Yakima
River (from the Columbia River confluence to forty miles upstream) had no wood on its banks
other than small willows and occasional poplars, with grass covering islands and the stream
edge.  Around river mile 40, cottonwoods began to line the river, with pine occasionally
interspersed and becoming more abundant higher up the valley.  Fifty-five miles upstream from
the Yakima confluence with the Columbia River, the explorers noted the presence of oaks, "the
first oaks met with west of the Missouri River at Fort Union."  They further wrote, "You pass up
the main Yakima seventy miles before you reach the building pine, although cottonwood is
found on its banks sufficient for camping purposes" (1860, Book I).  Continuing upstream the
explorers noted: "Towards the base of the mountains, the valleys, both of the main Yakima and
of its branches, improve much in appearance and agricultural capacity.  Yellow pine appears,
and gradually increases in amount on the banks of the streams, and about ninety miles from its
mouth begins to appear on the mountain slopes, marking with rather a sudden and sharp line the
border of the unwooded plains."
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The naturalist who conducted these botanical surveys, J. D. Cooper, wrote a report on the
botany of the route and catalogued plants collected in Washington Territory (1860, Book II).  In
his summary of the most striking divisions of the Columbia plains, Cooper writes: "On all the
branches of the northern Columbia crossed by us we found valleys of various extent, which form
the best portion of the plain region.  Terraces varying in height from five to two hundred feet
above the water border these valleys, and present various soils, from the very dry gravel to the
ridges down to the fertile alluvium of the river banks.  The change in the native vegetation from
one to another of these is very remarkable, indicating an adaptation for various crops.  Long rank
grass covers the moister portions of the bottoms, and there is always some timber close to the
water, except towards the mouth of the Yakima.  Those valleys north of latitude 48˚ are
doubtless the best soil and climate." 

Cooper does not specify the grass specie that he refers to as "long rank grass."  Cooper's
catalogue of plants collected does not include reed canary grass Phalaris arundinacea, but his
lists are "brief and incomplete observations."  Furthermore, Cooper identifies the cottonwood as
P. angustifolia, and probably P. balsamifera, and P. monilifera (1860 Book II).  Today,
taxonomists classify this region's cottonwood as black cottonwood, either Populus trichocarpa
(Franklin and Dyrness 1973), or Populus balsamifera var. trichocarpa  (Guard 1993), with some
P. angustifolia interspersed.

Vegetation Zones along the Yakima River

Climatic gradients affect plant community composition along the Yakima River (Franklin
and Dyrness 1973).  Precipitation ranges from about 140 in/year in the mountains to less than 10
in/year near the mouth of the Yakima River (Morace et al. 1999).  The uppermost reach of the
river, from Keechelus Dam to Teanaway, lies within a mesic zone dominated in the uplands by
Douglas fir Pseudotsuga menziesii and Ponderosa Pine Pinus ponderosa.  The remainder of the
Yakima River lies within a xeric vegetation zone dominated in the uplands by sagebrush
Artemesia tridentata  (Franklin and Dyrness 1973).  A visible boundary between these
vegetation zones exists along Bristol Canyon, northwest from Ellensburg along Highway 10,
where the vegetation changes from Abies grandis-Pseudotsuga menziesii to shrub steppe with
Artemsia tridentata.  For further descriptions of these vegetation zones and a limited discussion
of associations in riparian areas see Franklin and Dryness (1973).  For a guide to wetland plants
of Washington see Guard (1995).   

Yakima River Botanical Research

Research from the University of Washington, Seattle, provides Yakima-specific
information about riparian vegetation (Dunlap 1991; Reed 1995; and Smith 1993).  During the
late 1980s, Dunlap conducted common garden experiments to study phenotypic variation in
natural populations of black cottonwood Populus trichocarpa in four river valleys in
Washington.  Along the Yakima River, Dunlap expected to find gradual changes within
cottonwood stands, but instead observed a number of traits that change abruptly at the mesic-
xeric climate interface.  She found that cottonwoods in the lower river (Teanaway to Yakima)
had less stem volume, later spring flush, and earlier autumn budset and leaf fall than upstream
cottonwoods (Teanaway northwest to Keechelus Lake).  She concluded that the amount of
available moisture along the Yakima might be a key selective agent acting to enhance the
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survival and development of trees.  Reed (1995), expanding on Dunlap's (1991) work, used
molecular markers to determine genetic differentiation between cottonwood populations along
the Yakima River.  Reed also documented genetic differences between mesic and xeric
cottonwood stands and attributed the differentiation to both steep climatic gradients and differing
modes of reproduction (Reed 1995).

Dunlap's dissertation augments ongoing work of the Poplar Research Program of the
University of Washington and Washington State University.  Within the group, researchers
develop genetically improved poplar cultivars to make poplar culture economically feasible in
the Pacific Northwest (UW/WSU Poplar Research Group).  More drought-tolerant cottonwood
trees, such as those found along the lower Yakima River, provide genetic material for some of
this research (Dunlap et al. 1992, 1993, 1994, 1996; Bassman and Zwier 1990; and Braatne et al.
1992).

Other reports focus on changes in riparian habitat from human influences in the eastern
Cascades (Smith 1993) and in eastern Washington and Oregon (Wissmar et al. 1994).  Smith
(1993) used aerial photographs and stream data to assess changes in in-stream and riparian
habitat relative to historic stream and watershed conditions on the Little Naches River and
Taneum Creek.  These study sites fall within the mesic vegetation zone of the Upper Yakima
River (Teanaway to Keechelus Lake) (Franklin and Dyrness 1973).  However, no studies of
human influence on vegetation in the lower Yakima have been located.  The report by Wissmar
et al. (1994) contains a summary of Smith's thesis.  Furthermore, Wissmar et al. suggest
protecting, restoring and monitoring habitats that connect stream and riparian ecosystems in
degraded and intact watersheds.

Terrestrial and Aquatic Interactions and Effects of Flow Regulation

The importance of riparian vegetation for key ecosystem processes in streams (Duncan et
al 1985; Cummins et al. 1989; Neal et al. 1990) and in large rivers, such as the Yakima, (see
Naiman and Decámps 1997; Decámps 1996; Petts and Amoros 1996; Gregory et al. 1991 for
reviews) has been documented.  In streams, plants influence aquatic communities by providing
cover, stabilizing banks, regulating water temperatures, and cycling nutrients (see Davis 1996 for
review).  In larger systems, riparian vegetation contributes wood debris, leads to nutrient
spiraling throughout the river channel, and provides cover for fish along channel margins and in
backwaters (Bilby 1988).  Riparian vegetation also may influence nutrient flux in groundwater
systems through N-fixation by alders and leachates from leaf fall and decomposition (Stanford
and Ward 1993).  Furthermore, riparian plants help control non-point sources of pollution by
physically blocking sediments within the forests and biologically taking up contaminants (see
Naiman and Decámps 1997 for review).

High frequency disturbance and variation in microsites lead to high species diversity in
riparian zones (Gregory et al. 1991).  River disturbances influence patterns of succession, as
floods scour land surfaces and deposit new sediments, permitting primary succession to occur
(Amoros and Wade 1996).  Unnatural flows from dams and diversions change the frequency of
disturbance in riparian zones and affect plant communities.  For example, altered flows prevent
cottonwood regeneration by reducing bank scouring and sediment deposition necessary for
seedling establishment and by dropping groundwater levels faster than plant roots can grow
(Mahoney and Rood 1998; Braatne et al. 1996; Rood and Heinze-Milne 1988; Rood and
Mahoney 1990).  Others have shown that flow reductions and regulations cause a general growth
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of vegetation in the main channel (Johnson 1994) and plant invasions on pebble bars (Bravard
and Petts 1996).

Riparian zones also may act as corridors and sources of exotic plant invasions (Stohlgren et
al. 1998).  For example, silver maple Acer saccharinum grows along lower reaches of the
Yakima River.  An ornamental tree along city streets, silver maple has escaped cultivation and
established along the river and now dominates in a region devoid of trees prior to settlement.
Reed canary grass also inhabits shorelines throughout the Yakima River.  Though designated
native east of the Cascades, the form of reed canary grass growing throughout most of North
America is an aggressive European cultivar introduced for forage and erosion control (Guard
1995).  Reed canary grass forms dense, single-species stands that may out-compete native plants
and reduce habitat for waterfowl and small mammals (Abfelbaum and Sams 1987).

Further Questions

The above-mentioned studies provide information on phenotypic variation among Yakima
River cottonwood stands and general information about the effects of species invasions and flow
regulation on riparian communities.  However, we have much to learn about the Yakima River
and rivers similar to the Yakima.  For example:

What was the vegetation composition along the lower river reaches before flow regulation
and species introductions?
Reports published in 1853-1855 during railroad surveys discuss the botany of the route and plant
catalogues (U.S. Senate Ex. Doc. 1860).  A retrospective analysis of riparian vegetation
communities based on General Land Office field notes, aerial photographs and oral histories
from indigenous people would help managers understand species dynamics, pre-European
settlement (on-going at CWU).

How many exotic plant species live in the Yakima River riparian zone and what is their
distribution?  
An on-line data base (Invaders 1999) provides general exotic species estimates, but does not
include counts or species lists specific to riparian zones.  For example, does more reed canary
grass grow along the Yakima River today than before river regulation?

What are the ecosystem-level effects of invasive vegetation within these riparian
communities?
For example, what are the effects of replacing cottonwood stands with maple, or introducing
maple to areas naturally occupied by sedges and grasses?

How would vegetation respond to higher flow regimes?

What kind of flooding and flows are needed to maintain native plant diversity? 

These are important questions to keep in mind as we pursue salmon protection.  Riparian
vegetation structurally and functionally contributes to rivers and should not be overlooked in
management decisions.
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Central Washington Native Plant Index
wysiwyg://33http://www.geocities.com/RainForest/Jungle/5343

Ethnobotany and Cultural Resources of the Washington State Department of Transportation
www.wsdot.wa.gov/eesc/environmental/Ethnobotany.htm

Internet Directory for Botany
www.helsinki.fi/kmus/botflor.html

Invaders 1999 database system
www.invader.dbs.umt.edu.

Invasive Nonnative Freshwater Plants of Washington
www.wa.gov/ecology/wq/plants/weeds/aqua

USDA Natural Resources Conservation Service Plants Database
http://trident.ftc.nrcs.usda.gov

Washington Rare Plant Conservation Program
http://depts.washington.edu/rareplnt/rareplant.htm

Western Botanical Database Federation
www.mip.berkeley.edu/wusbad/
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