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EXECUTIVE SUMMARY

Flow operations know as “Flip-flop” began in the Yakima River Basin in 1982 as a means to
prevent spring Chinook from spawning in the channel margins of the Yakima and Cle Elum
rivers, where their redds (egg nests) became dewatered as flows were reduced during the fall and
winter. Upstream reservoirs in these basins are used to store water during the high flow season
and augment flows during summer for downstream uses. Irrigation demands for flow
augmentation continue through September, but spring Chinook begin spawning in late August.
The strategy of Flip-flop is to switch the source of flow augmentation in September away from
the upper Yakima Basin over to the Naches Basin. The drop in upper Yakima Basin flows causes
spring Chinook to concentrate their spawning in the low-flow channel, where restricted flows
through the fall and winter will cover eggs. Demands of downstream irrigators in September are
then met by releasing water from Rimrock Reservoir in the Naches subbasin, “flip-flopping” the
flows between subbasins.

The purpose of this study was to determine the extent that available data could be used to
evaluate Flip-flop’s effects on spring Chinook salmon in the Yakima Basin, and to identify
further studies needed to fill critical data gaps. No study was designed to systematically monitor
effects of Flip-flop on spring Chinook and their habitat. This study sought to determine the
potential direct and indirect effects of Flip-flop on spring Chinook production. We searched
available literature and information for evidences of potential Flip-flop effects, and we analyzed
measures of Chinook productivity in comparison to 20-years of stream flow data reflecting the
operations of Flip-flop.

The information search revealed a number of potential indirect effects, but there was little data to
directly assess effects of Flip-flop operations on spring Chinook production. We found no studies
designed to estimate benefits to spring Chinook egg survival or sufficient to estimate changes in
carrying capacity for juvenile Chinook rearing. Recent studies by the Washington Department of
Fish and Wildlife (WDFW) have shown that growth of juvenile Chinook in the upper Yakima
Basin is density-dependent, and that adult recruitment is likewise density dependent. Detailed
studies of juvenile Chinook feeding and behavior have indicated that intra-specific competition
for food rather than space is the apparent factor leading to reduced growth as juvenile abundance
increases. The relationship of food availability to flow was found to change with location in the
river, and no overall relationship for the upper Yakima Basin was established. The studies also
showed that high summer flows associated with Flip-flop created velocities across much of the
channel that exceeded the upper range used by juvenile Chinook. The area of stream with
suitable velocities roughly doubled at upper Yakima transects in the fall when flows were flip-
flopped to the Naches Basin. However, the influence of flow on other factors affecting stream
capacity for juvenile Chinook rearing was not determined.

In an attempt to quantify the direct effects of Flip-flop on spring Chinook production, we
completed a thorough analysis of flow variables using spring Chinook production metrics. Given
the lack of separate smolt production estimates for the upper Yakima and Naches subbasins, the
best available indicator of spring Chinook production for these two subbasins was ‘recruits
(returns) per spawner’ (R/S) (i.e. adult-to-adult productivity), as determined by ladder counts at
Prosser and Roza Dams as well as scale analysis from post-spawning Chinook carcasses.
Additionally, smolt counts at Chandler were used to assess ‘Smolts-per-spawner’ from the total
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basin and determine if freshwater survival was related to annual variations in flow operations.
Best fits to the data were obtained with a Ricker stock-recruitment model that included an index
of annual variation in survival outside the Yakima Basin (salmon mortality through downstream
dams and during ocean residency). Inclusion of this ‘common-year-effect’ significantly
improved the model fit for recruits per spawner, and was used to test the influence of the flow
variables on recruitment. These analyses examined whether year-to-year variations in the Flip-
flop flow patterns were sufficient to produce detectable differences in spring Chinook survival.
Data were not available to test for recruitment differences with and without Flip-flop.

We tested 16 flow variables of the Flip-flop operations as well as flows occurring in winter,
spring and summer in the upper Yakima River subbasin. We found that no flow variables
directly relating to Flip-flop operations were significantly related to recruits-per-spawner (adult-
to-adult survival). Several flow variables not specifically related to Flip-flop operations were
significantly correlated to Recruits-per-Spawner’ and ‘Smolts-per-spawner in the upper Yakima
subbasin; however, additional data and analysis is needed to thoroughly explore these
relationship to upper Yakima spring Chinook production.

In the Naches Basin, we tested 21 flow variables occurring in the annual hydrograph and found
that ‘Recruits-per-Spawner’ and ‘Smolts-per-spawner’ was negatively correlated with several
Flip-flop flow variables during juvenile rearing. In addition, the analysis of ‘Smolts-per-
spawner’ reflected production from the Yakima and Naches basins combined (counts were taken
at Chandler and downstream of the confluence). Therefore, this production metric is coarse and
its ability to detect flow effects is confounded by the mixing of smolts from both the upper
Yakima and Naches subbasins.

These coarse metrics for assessing the effects of Flip-flop operations on Chinook survival show
no clear effect of Flip-flop, positive or negative, in the upper Yakima Basin, but indicate
potential effects on juvenile rearing in the Naches Basin. Further field studies are necessary
before the effects of Flip-flow operations on salmonids can be fully and accurately distinguished
from other causes of varied production. In addition to separate smolt production estimates for
upper Yakima and Naches subbasins, direct estimates of flow effects on spring Chinook redd
distribution, dewatering of redds as flow drops, and egg-to-fry survival are needed to determine
what flows, and limits to flow change, are necessary to protect production of fry. Further, studies
to clarify the effect of flow on juvenile carrying capacity are needed. The direct benefits to
spring Chinook of altering flows between seasons or subbasins cannot be evaluated without this
information.

Potential indirect effects on spring Chinook production were more apparent, but also require
additional study. Research from both inside and outside the Yakima Basin indicated Flip-flop’s
potential to affect macroinvertebrate distribution, density, biomass, and/or community structure
through the influence of flow fluctuations on invertebrate drift. Juvenile spring Chinook feed
primarily on macroinvertebrate drift. Extreme high and low flows can cause increases in
invertebrate drift thereby reducing biomass and density and changing invertebrate community
structure. However, the substantial variation found by WDFW in macroinvertebrate drift, even
without flow changes, make it unclear how the overall availability of food for juvenile spring
Chinook is affected by flow management.
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At the conclusion of our information search and analysis, we recommend that future studies be
designed to carefully evaluate the tradeoffs between egg protection and protection of rearing
juveniles. At present, the available evidence suggests that juvenile rearing rather than egg
incubation appears to be the life-stage bottleneck limiting production of spring Chinook in the
Yakima Basin.
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