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To better interpret the recent TFW-sponsored research 

on adult Yakima Rive'r spring chinoo~t salmon (Berman alld 

QLlinn 1990), this report provides data on river flows, 

tempera"tl\reS an(j salmon migratory timing. Fi"rst, i1:; 

preserlts graphical summaries of flow records from five gages 

on "the Ya~tima River and three tributary gages for 1989. It 

also p'f'ovides sLlmma"ries from ttle earliest period of record 

(1907 or 1909 to 19111, during the mid-late 1970. and during 

the late 1980. for the Cle Elum and Umtanum gage.. It 

provides yearly and mean Jllne flows for these gages for the 

complete periods of "record. These flow "records must be 

viewed in the context of tempera"tu"re regimes, and records 

a"re presented for the relevant months iy) 1989 for the 

Columbia and Ya~tima rive"rs Cfou'r stations on each river). 

Finally, the migrato'ry timing patterns of adult chinoo~t 

salmon at Prosser Dam in 1989 and Bonneville Dam f"rom 1980-

1989 are presented. 
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Introduction 

In 1989~ a stLIdy of the possible impact of sLlb-lethal 

tempe'ra'tures on adult spTin~ chinoo~t salmon in the Yakima 

RiveT was L'ndeTta~ten (BpTman and Quinn 1990). This research 

was sponsored by tl,e Timbe'r, Fish and Wildlife (TFW) Prog'ram 

and the University of Washington's Center fOT Streamside 

Studies. The study revealed, among othe'r things, a clear 

tendency for the adLIlt salmon to selectively occupy cool 

waters dLIring the summer and a ·tendency fOT some salmon to 

ascend the Ya~tima River and spend some pe'riod of the summer 

in the mainstem, only to move downstream and ascend a 

tributary as the spawning season approached. 

To better Llnderstand the overall behavior of Yakima 

River spring chinoo~~ salmon and this life history pattern in 

general, an assessment of flow, temperature and salmon 

migration data in tt)e Colltmbia and Yakima rivers was 

underta~ten. There is a great deal of physical and 

biological data but these data are collected by different 

agencies and repo'rted indepeneiently. This docllment 

Sllmmarizes some of these data sets in graphical form to 

facilitate qualitative assessment of patterns. The records 

themselves have been provided to the Washington Department 

of Natural Resources (in LOTUS 123 format) and can be 

requested from this agency. It is not the purpose of this 

eiocument to asce'rtain wI1e'the'r or not the current patterns of 

flow arId temperature are injurious to spring chinoo~t salmon. 



Sources of Reco'rds 

The Ya~tima Rive~ has an extensive series of dams and 

canals fo'r sto'rage and diversion, dating to the early 19005. 

The seqtlence of wate'r exploitation and details of the clams 

and canals may be fOllnd in (JS Government Printing Office 

(1'380). The info'rmation on flows of the Yakima River and 

selected tributaries was acquired from the United States 

Geol~lical Survey and BUTeall of Reclamation, Department of 

TemperatLI're records fOT the Yakima River were 

acqui'l~ed from the Bureau of Reclamation; those for the 

Columbia River we're ta~ten from the Unite(j States Army Corps 

of Engineers Annual Fish Passage Report for the ColLlmbia and 

Snake River Projec·ts. Da'ta on migratory timing of chinoo~t 

salmar, on the Yakima River, 1989 were p~ovided by the Ya'tima 

Indian Na'tion~s fisheries office. Data on migration in the 

Colllmbia River were fOLlnd in US A'rmy Corps of Engineers 

(1'38'3). I am g"rateful to the va"rious individuals 

representing tt,ese organizations that courteously and 

prornptly provided data for my use~ 

The metric system is now standard in scientific l,sage. 

I have therefore conve"rted all ternperatllre data ('reported in 

Fahrenheit) to Celcius~ HoweveT~ distances and water 

discharges are 50 commonly reported in miles and cubic feet 

per second (cis) that I have retained these units for the 

conveniel1ce of many readers. Miles may be converted to 

kilometers by multiplying * 1.61. Cubic feet may be 

converted into cubic meters by multiplying * 0.028. 
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Flow Pl.':\tt;(-?TnS 

Flow Tecords on tt)e Ya~,ima RiveT we-re examined on th'ree 

·l:;.empoT'al scalf-?s .. Fi~st, 1989 daily ~ecords during the 

pe'riod immediately relevant to adLllt spring chinoo~t salmon 

(April through September) were gathered and displayed fo~ 

every fifth day each monttl for five stations on the Ya~tima 

RiveT (Cle ElLlm, Um·tanum, Ah'tanum, Mabton and Kiona) and 

three triblttaries: the Naches River and its tl'ibLlta'ry, the 

American River, and Ahtanum Creek. 'rhe locations on these 

gages a'l'e clepicted in Fig. 1. The flow rEcords of two gages 

are displayed together on each graph, in an overlapping 

seqltenCe, to facilitate consideration of the degree of 

synch'rony and increase of discharge as one moves downstream. 

The uppermost stations (ele Elum ancl Umtanltm) were closely 

5 Y ncl"l'ron i zed .. There was a pea~t flow in early-micj May at Cle 

Elum but a minc'r peak in late April was mOTe clearly 

expressed downriver at Umtanum (Fig. 2). 

more protracted pe~iod of high flows from mid-June to the 

end of August. For a period in late July, upriver flows 

slightly exceeded those 45.2 miles downriver. The !Iage at 

AI,'l:;.anum showed the two spring pea~ts cleaTly but had a more 

lengthy period in the Sltmmer when flows at this station were 

•• ceeded by those .t the uprive~ (Umtanum) g.ge (Fig. 3). 

Similal'ly, the flow at Mabton (RM 59.8) was d'ramatically 

lower th.n that at Aht.num (RM 107.3) during the enti~e 

summe"r (Fig. 4). Flows at Mabton and Kiona were similar 



Flows on the Naches River, tributary to the 

Ya~~ima, and one of its triblltaries (the American River) 

showed three synch'ronolls pea~ts il1 late April, mid-May and 

mid-June .. 

rel~tiyely little to the Y~kima Riyer's volume (Fig.G). 

In additic)n to the intensive examination of 1989 flow 

patte'rns throughou't the system, I gathered data for the two 

gages with the longest period OT record: Cle Elllnl and 

Um'tt.,num .. These data aTe p'resented by water year (WY) .. For 

example, WY 1909 'f'an f'/'orn October 1908 thTOll~lh September 

190'3. Cle Elum records are available since 1908 anej lJmtanum 

reco'rds are available since 1909. I selected several of the 

earliest years, several from the mid-late 19705 and the past 

2--3 years to illustrate tt~e general seasonal discharge 

pat;t;(£orns. CIa Elum records generally reveal a major flow 

pt.\~·riod in lttte sp"f"in~l, pt:·~a.king in May Dr June .. 

of'ten also a pe'riod of relatively high flows in December o'r 

Janua.'f'Y, ttlough generally not as much water as flows in the 

la"te spring (Figs .. 7-14) .. 

Examination of recol~ds from Umtanum, 45 .. 2 miles 

downriver from CIa Elum, showed ve'ry close correspondence 

with the llpriver station (Figs. 15-23). This indic~ates that 

the detailed 1989 data desc'ribed above were not anomalous 

bllt represent a general pattern between these sites. B()th 

sites showed va'riation from year to. year in flow pattern, 

particlliarly regarding the presence and magnitllde of the 
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winte~ flc)w peat~. Howeve'r, the flow patte~ns in the ea~ly 

years weTe not clearly diffe'rent from the n)ost recen~ ones. 

Examina'ticJl' o'f 'the total a"nl(al flows ~t CIa Elum (Fig. 

24) and Umtanum (Fig. 25) diel not rev~al any cle~r tJ~end5. 

Flows varied by abou't a factor of three at each site from 

year to year and total flows at the sites mirro1'ed each 

other. 'rhe Cle Elum Jllne flow records suggested that there 

has been a decrease in mean monttlly flow (Fig. 2~) OT Jllne 

flow as a pe'rcent of the annual total (I~ig. 27). 

recol'ds for the early 19805 were not available. Umtanllm 

Jl\ne ~eco'rds (Figs. 28 and 29) indicate that June flows have 

t)een somewhat less vftTiable in ~ecent yea~s than they were 

formerly. In pa'r'ticular, anomaloltsly high June flow!; are 

less common. Based on the fact that downriver flc)w5 (e.g., 

Mabtc)11 and Kiana) we're lowe'r than ltprive'r flows during the 

summe'r of 1989, it is likely that examination of 80 years of 

flow da'ta on these sites would have 'revealed mo're dramatic 

VAriations in flow than were obseTved at the llprive~ sites. 

Howeve~, these sites did not have such reco~ds available. 

Temperat~tTe Patterns 

Tempe~atllre was the environmental factor of primary 

interest when the spring chinoo~t salmon wo~k was initiated. 

Some information was presented by Berman and Quinn (1930) 

but additional records were gathered for the present ~eport 

to complement the flow ~ecords. I collected daily 

temperature records for the Columbia River Dams (Bonneville, 
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Th(·? D .. ":\lle!5., John D .. ,,\y c"\nd J'lcl'lii\'ry) from Ap'ril 1 th-r'ough 

Octobe",' 3:l (Fi!IS. ;;0, 31, 32, 33). These data indicate the 

tempera'tures tl,a't Yakima I~iver sp'ring chinook salmon 

experience du'ring their mig'ration (see next section for data 

on migratory timing) and also indicate the tempe~atures that 

they wOltld experience if they mig'rated later in the season. 

Early ill Ap'ril, temperatu'res are coolest at McNary (just 

over b) and a're p1'og'ressively warmer as one moves downriver 

-to almost 8 a't Bonenville Dam. However, over the period 

examirlecl, there is generally very close cOT'respondence of 

tempera'tures among the dams (Fig~ 34). Pea~l tempe'ratures 

were generally between 20 and 22. During the likely 

migration pe'riod (April), temperatures rose from about 8 to 

11. 

Ya~tima River temperatures fl'OM April 1 thrOt\gtl October 

1~ 1389 were examined at Par~~e'r (Sunnyside DQm), Umtanum, 

Ellensburg and Cle EILlm. Three patterns were clisplayed. 

The lowest site of the four, Pa'r~teT, sl,owed a smooth CLlrve 

with only minor changes from day to day (Fig. 35). The 

other tllTee sites show more variation, including an abrupt 

rise in ea~ly May. The Umtanum and Ellensburg records track 

each other very closely (Figs. 36, 37) whe'reas the Cle Elum 

temperatllres WErE cooler in the spring bLlt matche'r the 

Umtanum and Ellensburg records froln early Jllly through the 

E.'nd of September (Fi~I!:j. .. 38, 39) .. 

Adult Chinook Salmon l~ig'ratiol'S 
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I examine(j the daily counts of adult spring chinoo~t 

salmon at Prosser Dam on the Ya~tirna River (Fig. 40). This 

is a lCJW dam (structural height 9 feet, hydraulic height 7 

feet) on the lower river, well below Roza Dam where the 

salmon for the radio telemetry stl,dy were collected (Berman 

and Quinn 1990). These reco"rcls show a well-defined 

mig"ra"tory pea~t; almost all the fish passed the dam in May. 

While a large nllmber of c~hinoo~~ salmc,n poplliations pass 

the mainstem Columbia River dams (Bonneville, The Dalles, 

John Day and McNa~y) besides V_kima River chinook, I 

nevertheless examilled the passage Teco"rd~i "fo"r general 

patterT1S at these fOll',· sites (Fig. 41)~ These data revealed 

"the w(-?ll"-known sporing ci\nd fall peaks, hence"? I ch(Js"c-? to 

display the spring (Janllary ttlTOUgh July) separately fC)T 

close"r examina"tion (Fig. 42). There is a peak of spring 

chinoo~t at Bonneville Dam in April and ttle pea~t shifts 

One could calc~ulate a 

mean OT nledian passage date at each dam llsing daily records. 

Haweve~, for simplici"~y, I used monthly mean counts at the 

four dams (llsing the 15th of each month as the passage date) 

and calculated mean passage dates (days of the year) clf 125 

for BOT)neville Dam, 128 for The Dalles, 131 fo"r John Day and 

Bonneyille is 147 miles f~om McNary, hence 

this model estimates a travel rate of 16.3 miles peT day. 

By comparison, the fall chinoo~~ salmon timing curves at the 

fOllT dams are perfectly synchronol's, suggesting that those 
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fall chinook t~avelling up~iver may do so more 'rapidly than 

the sp'rin!l chinook. 

Inter p'rett."\ t: i ()n 

Spring chinoo~t salmon (and races of other salmon 

species that spend prolonged periods i11 freshwater prior to 

spawning) have evolved a life history pattern that is a 

compromise ra'ther than the optimal life his'tory solution 

that most evollttiona'ry models preSltme. 

Ii'fe his'tory strategy is ,to 'ta~te advantage of 'the ocean's 

prodtlctivity throllgh tt\e Slimmer and leave the oceAn in fall 

when productivity d'rops and freshwater spawning areas become 

accessible and favo~able, as 'river flows increase and 

tempe'ratu'res decrease. However, some races forsake the 

oceaYl wtlen it is most prodllctive and migrate to unproductive 

streams, fast all summer and spawn in the fall. 

In ~Ieneral, spring chinook salmon and summer steel head 

are found in the upper reaches of watersheds. I hypo"thesi ze 

that ttlese races evolved to exploit favorable spawning a'reas 

'tha't could be reliably accessed only in the spring. r't; is 

li~tely ttlat we're sectiC)'lfi~ of rivers which posed barriers to 

passage at certain water levels. Given that the salmon will 

nc)t feed dltTing the summer, ttley can maximize their 

reproductive outPltt (cTudely measllred by egg mass/body 

weight ratio) in two ways. First, they can enter the river 

with as much energy stored as possible. Second, 'they ca.n 

expend ene~gy as slowly as possible when in freshwater. 
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The ~elatively slow ups'~'ream migration suggested by the 

mainsteln d~n) ~)~ssage records is consistent with energetic 

savings. The tendency of Y~~tima River spril1g chinoo~t to 

maintain low internal boely tempel~atL'l~es wOllld also lead to 

energy conservation, as would the tendency to hold in pools 

and behiYld islands OT other CUTTent-bTea~~s. Basically, 

salmon fitness will be increased by tactics which result in 

minimal expenditllre of enErgy. 

Flow and temperatLITe are important fOT adult spring 

chinDO~t saln)on in seVEral regards including attraction to 

the 'riVEr, migrd'tio11 rd'be, location of holding areas and 

energy expenclitl\re ClltTing the sttmmer. At the time when 

(~hinoo~~ 5~lmon appa'rently enter the Ya~~ima RiveT (11ay)~ 

flows in -the lOWEr riveT aTe still quite high. Lower river 

flows are low dL\'ring 'the summer (on the oTdeT of 1000 cfs) 

and 'the salmon seem move t\pTiver and hold in regions whe're 

This is not meant to imply a CaUSE 

and effect relationship between declining lower TiveT flows 

and ttp'rive'r movement. Neither detailed dAta on salmo}1 

movements in the lower river nor pre-development migration 

data aTe available for analysis. However, it might be 

inst'ructive to track adult salmon in the lower riveT and to 

examine all passage Tecords for association between flow 

Tegime and movement patteTns. 

To the extent that land and water management increases 

water 'temperatlt'res available to salmon and decTeases the 

availability of low velocity holding aTeas~ the reproductive 
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Sllccess of the salmon will be affected. Detailed 

information on holding habitat llsed by the salmon was beyond 

the scope of the radiot~acking stlldy by Be~ma)1 and Quinn. 

However, it WOllld be very useflll to acqllire more information 

on 'the holding areas regarding depth and velocity as well as 

tempe'rature. 
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Yokimo River Dischorge 
Cle Elum - 1975 
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Yakima River Disc harge 
Cle Elum - 1976 
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Yakima River Discharge 
Cle Elum - 1977 

o ~-----'-----'-----'-----'-----'-----.-----'-----'-----'r-----r---~ 
Oct Nov Dec Jon Feb Mor Apr Moy June July Aug Sept 

o Meon + Maximum o Minimum 



~ 

~ Vl 

4.5 

4 

3.5 

3 

~ -g 2.5 
;:"a 

Vl 
:: ::l 

2i! 2 
lLf-

'--' 

1.5 

0.5 

Yakima River Discharge 
Cle Elum - 1988 
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Yakima River Discharge 
Cle Elum - 1989 
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Yakima River at Umtanum: 1909 
Mean, Max ond Min Monthly Flows 
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Yakima River at Umtanum: 1910 
Mean, Mox, Min Monthly Flows 
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Yakima River at Umtanum: 1911 
Mean, Max, Min Monthly Flows 
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Yakima River at Umtanum: 1975 
Mean, Max, Min Monthly Flows 
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Yakima River at Umtanum: 1976 
Mean, Max, Min Monthly Flows 
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Yakima River at Umtanum: 1977 
Meon, Max, Min Monthly Flows 
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Yakima River at Umtanum: 1987 
Mean, Max, Min Monthly Flows 
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Yakima River at Umtanum: 1988 
Meon. Mox. Min Monthly Flows 
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Yakima River at Umtanum: 1989 
Mean, Max, Min Monthly Flows 
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Yakima River at Cle Elum 
Total Annual Flow 
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Yakima River at Umtanum 
Total Annual Flow 
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Yakima River at Cle Elum 
Mean Doily Flow in June 
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Yakima River at Cle Elum 
June Flow os % of Yeorly Total 
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Yakima River at Umtanum 
Mean Doily Discharge in June 
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Yakima River at Umtanum 
June Discharge as % of Yearly 
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Water Temperatures 1989 
Bonneville Dam 
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Water Temperatures 1989 
The Dalles Dam 
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Water Temperatures 1989 
John Day Dam 
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Water Temperatures 1989 
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24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

1 1 

10 

9 

8 

7 

6 

5 ~mmmmmmmmmmmrnmm~~~~~~~mm~mmmmmmmmrnrn~~~~~ 
April 1 May 1 June 1 Ju Iy 1 Aug 1 Sept 1 Oct 1 



Water Temperatures 1989 
Mainstem Columbia River Dams 
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Water Temperatures 1989 
Yakima River - Parker 
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Water Temperatures 1989 
Yakima River - Umtanum 
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Water Temperatures 19S9 
Yakima River - Ellensburg 
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Water Temperatures 1989 
Yakima River - Cle Elum 
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Adult Spring Chinook Migration 
Prosser Dam, Yakima River - 1989 
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Adult Chinook Migration Timing 
Monthly overage counts, 1980-1989 
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Adult Chinook Migration Timing 
Monthly average counts, 1980-1989 
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