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Brownlee Dam, the first of a series of high-head dams 
proposed for the middle Snake River drainage, was completed in 1· '.rif 
1958. ', This dam created a reservoir approximately 5 7  miles long, s� 
less than 1/2 mile wide, and 300 feet deep at the deepest point. 
The reservoir at maximum pool contains 1, 470, 000 acre-feet of 
water. Such an impoundment can obviously bring about many 
changes in the physical characteristics and ecology of the 
formerly swift-flowing Snake River environment. Freshets and 
floods that may have played a major role in· the transpo.rt cif · 
f ingerlings to the sea are being controlled. Temperatu.re regimes 
are being modified. In the changed environments, new'predator, 
competitor, and disease relationships are being establt'shed that 
may greatly affect the survival of th� migrating fish. Added to 
these changes are the actual physical barriers to migration 
created by the high-head dam·s. 

The purpose of these reports is to present the progress 
of a study program designed to assess the effect of a large 
impoundment · (Brownlee Reservoir) on the passage of anadromous 
fish stocks, primarily chinook salmon (Oncorhynchus tshawytscha) 
and steelhead trout (Salmo qairdneri) . The p�ogram has been 
pursued under five major areas: (1) · The iimriology of the 
reservoir system, (2) the migration of adult salmonids through 
the reservoir, ( 3) the recruitment of juvenile salmonids to the 
reservoir, (4) the migration of juvenile salmonids through ,the 
reservoir, and ( 5) the escapement of juvenile salmonids from the 
reservoir. The above research was conducted simultaneously and 
is reported upon in separate sections by senior biologists in 
charge of each study. In addition, close cooperation and, liaison 
were maintained with other State and federal agencies doing allied 
work in the vicinity or actively participating in certain phases 
of the program. These include the Oregon F�sh Commission, Oregon 
Game Commission, Idaho Department of Fish and Game, · Bureau of 
Commercial Fisheries River Basins Studies, and the U.S. Public 
Health Service. 

Active collection of data under the Fish-Passage 
Research Program began in the spring of 1962, but the individual 
reports draw from other sources of information prior to this 
date 
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INTRODUCTION 

Studies of the limnology of Brownlee Reservoir were 
initiated in July 1962 and have continued at regular monthly 
intervals to the present date. This preliminary report presents 
information on these studies through June 1964. The purpose of 
this investigation is to obtain detailed information on the 
physical and chemical aspects of the reservoir environment, and 
in so doing, provide a basis for studying the effects of various 
environmental factors on the behavior and passage of salmonids. 

Brownlee Reservoir lies at the head of the Snake River 
canyon in hilly and semiarid, open range country between the 
borders of northeastern Oregon and midwestern Idaho. At full pool; 
the reservoir commences about 10 miles downstream of Weiser, Idaho, 
and continues in a relatively straight course for 57 miles to 
Brownlee Dam. Average width is less than� mile, and maximum 
depth at full pool is approximately 300 feet. At full capacity, 
the reservoir has a surface area of 15, 000 acres and contains 
1, 470, 000 acre-feet of water. 

Three main tributaries--the Snake, Powder, and Burnt 
Rivers--and many small, intermittent streams enter the reservoir 
(fig. 1) . For purposes of this study, it should be pointed out 

that the upper 14 miles (section above the mouth of Burnt River) 
is relatively shallow and essentially river run. Below Burnt 
River, depth increases sharply, and waters in the remaining 
4 3  miles of the impoundment may be considered relatively static 
when the reservoir is at full pool. The physical shape of the 
reservoir basin, its depth, thermal characteristics, and 
geographic location are such that the reservoir fits some of the 
criteria used by Welch (1951) and Hutchinson (1960) in describing 
"Temperate Lakes of the Second Order." 

Considerable fluctuation in water level occurs at 
Brownlee. During late fall and winter, the reservoir is lowered 
as much as 90 feet, depending on expected spring runoff. This 
fluctuation eliminates production of littoral fauna that might be 
expected under a more stable condition. The average volume of 
water entering from the Snake River varies from 9, 000 cubic feet 
per second in late summer to 40, 000 c.f.s. in the spring.· Maximum 
flow during the current study period was approximately 50,000 
c.f.s. An obvious difference between flows in a reservoir such 
as Brownlee and a river-lake system is that most of the water is 
discharged from levels below the surface. At Brownlee, the 
turbine intake is 120 feet below normal pool level. 
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Figure 1. - -Brownlee Reservoir showing location of limnological sampling sites. 
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METHODS 

Sampling stations were established throughout the 
reservoir and at certain locations above and below the reservoir 
(fig. 1). There were 11 main stations spaced 4 miles apart on the 

axis of the reservoir. These extended from 1 to 43 miles above 
the dam. Profile stations were located at every other main 
station (1, 4, 8, 12, 16, and 20). Additional stations included 
sites at the Weiser bridge, the bridge below Brownlee Dam, and the 
catwalk below the Oxbow power plant. Other stations were located 
at Eagle Creek on the Powder River and three locations in the 
Powder River arm of Brownlee Reservoir (fig. 1). Water samples 
were also collected at fish-trapping sites throughout the 
reservoir during periods of salmon migration. 

All stations were sampled every 2 weeks during summer 
stratification in 1962 and once a month after turnover had 
occurred. In 1963 and 1964, stations were sampled once a month 
throughout the year. The permanent stations were marked by 
styrofoam buoys anchored to concrete blocks. This assured 
sampling at the·same location for each station during each 
sampling period. Temperature data were collected with a Whitney 
thermistor and conductivity meter. The instrument was calibrated 
daily with a laboratory mercury thermometer and checked 
periodically during a sample period with a mercury reversing 
thermometer. 

A temperature profile was determined by taking the 
temperature from top to bottom and recording the depth at every 
temperature change of 1° F. Conductivity readings were also 
recorded at each 1° F. change. The temperature data were then 
plotted graphically for determining the depths of the epilimnion, 
thermocline, and hypolimnion. Secchi disc readings, air 
temperature, wind velocity and direction, and·atmospheric 
conditions were also recorded at each station. water samples were 
taken from each water mass with 2�-liter plastic van Doren 
bottles. The water samples were kept in an insulated cooler to 
avert chemical changes that might be caused by summer air 
temperatures, which sometimes exceed 100° F. at the surface of 
Brownlee Reservoir. During the periods before and after 
stratification, water samples were taken uniformly from the 
surface to the bottom at a maximum interval of 50 feet. Oxygen 
samples were drawn and treate� by the unmodified Winkler method 
(Farber, 1960). Another sample was- c�refully collected and 
placed in a plastic bottle for subsequent ·-aeterrq_ination of free 
carbon dioxide, sulfate, turbidity, methyl-orange and 
phenolphthalein alkalinity, and pH. Duplicate samples of some of 
the casts were collected at least once during every sampling day 
for a check on sampling accuracy. 
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Meteorological data recorded for the period of the study 
were received from the weather station operated by KWEI at Weiser, 
Idaho. Another weather station was established in 1963 at Coates 
Ranch located in the vicinity of station 14 on Brownlee Reservoir. 
Daily maximum and minimum air temperature, precipitation, and wind 
direction and velocity were recorded at both stations. 

Laboratory methods used for analysis of samples follow 
those described by Farber (1960) . The quality control measures 
described for maintaining reagent normalities of sodium 
thiosulfate were also instituted and performed before each 
analysis period. Sodium hydroxide, sulfuric acid, and the 
reagents used in the field were checked and renewed when necessary. 

In addition to the regular periodic sampling described 
above, four diel observations were conducted during the study 
period� These diel observations covered either a 24- or 48-hour 
period, with samples being taken every 3 hours. Methods used 
during the diel sampling were identical to those described above. 

During the fall of 1963, current velocity and direction 
sampling was begun using three Savonius type current meters. 
The meters were used as both continuous current monitors at a 
given depth and location and as mobile instruments to determine 
current patterns throughout the reservoir at any given time and 
under any conditions. Current patterns and velocities were 
determined under the following conditions: 

1. During reservoir drawdown 
2. During fillup without spill 
3. During fillup with spill 
4. At full pool with maximum spill 

The three current meters, when used as continuous 
current monitors, were located at stations in the upper, middle, 
and lower reservoir areas at a depth of 10 feet. When the 
meters were used as mobile instruments, sampling was done at the 
established stations (fig. 1) • 

RESULTS 

Temperatures 

Brownlee Reservoir, although differing somewhat from 
large, deep lakes, undergoes the seasonal thermal phenomenon 
experienced in deeper lakes in the temperate zone. The cycle of 
events, arbitrarily starting in January 1963, began with the 
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isotherms aligning vertically from upper reservoir to the dam 
(fig. 2) . Temperatures in the upper portion, which was frozen, 

ranged from 33° to 35° F. , and those at the lower end varied 
between 38° and 42° F. This horizontal stratification continued 
until mid-March. At this time, the isotherms began aligning 
horizontally at depths below 160 feet. The January-March period 
could be termed analogous to the "spring turnover" experienced in 
lakes. Temperature range during these months was 33° to 45° F. 

From mid-March, vertical stratification continued, and 
by the first part of June, a thermocline began developing in the 
upper portion of the reservoir. Also in June, a visible 
convergence line (Fry, 1963) was observed in the upper reservoir 
in the vicinity of station 20 (mile 39) . The cooler, more dense 
water mass entering the reservoir from the Snake River dipped at 
this point and flowed under the warmer, less dense reservoir water. 
This condition occurred again in a similar manner in the fall 
(fig. 3) . A temperature difference of 4 to 5 degrees from one side 

of the convergence line to the other was noted during most of the 
period that the line could be identified. The temperature 
gradient in the area of the visible line usually extended over an 
area� mile in length; however, during one sampling period a 
difference of 5° F. could be noted between one side of the boat 
and the other. Turbidity readings and oxygen concentrations were 
higher upstream of the line, whereas the converse was true.of 
conductivities. Wind action and extent of discharge at the dam 
seemed to control the movement of the line and the sharpness of 
the temperature gradient area. 

During late spring and early summer of 1963, the 
thermocline continued to develop, and by July 8, it was well 
defined from the upper reservoir to the dam. At this time, 
summer stratification could be considered complete, with a well 
defined epilimnion, thermocline, and hypolimnion. Temperatures 
in the epilimnion during this period ranged from 59° to 78° F. ; 
in the thermocline they were 50 ° to 60 ° F. ; and in the hypolimnion 
the range was 39° to 49° F. This stratified condition remained 
until mid-October when the convergence or shear line was again 
formed. The more dense, cool water entering from the river and 
flowing under the warm epilimnion seemed to have an eroding 
effect on the thermocline, gradually eliminating the isotherms 
until all but a small remnant of the thermocline remained in 
November. By December 9 the reservoir was again in a turnover 
state, with the isotherms again aligned vertically (fig. 2) . 

Temperature data collected in the.Powder River arm 
portion of the reservoir were nearly identical to the data 
collected in the main reservoir. There were some differences 
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in maximum temperatures recorded in surface layers (higher in 
Powder River arm during summer), but generally the isotherms 
formed the same patterns and were at the same levels as those 
noted in the main reservoir. 

If the isotherm plats for each month are compared for 
the 2 years, one can see that they are similar. However, during 
the summer of 1962, a well defined thermocline was not formed 
until the first of September, whereas in 1963 it was well formed 
by the last of June. Temperature ranges for the various months 
also differed, the greatest difference being in August. In 1962, 
a maximum of 81° F. was recorded, whereas in 1963 the maximum was 
78° F. The temperature range for the epilimnion in August 1962 
was 69° to a1° F.� in 1963 it was between 62° and 78° F. In 1962 
the reservo ir temperatures gradually and consistently warmed up 
with no abrupt changes until September. In 1963 the same trend 
occurred until the last of May, when a brief reversal occurred. 
The combination of heavy rain and melting snow caused a large 
volume of cool water to enter the Snake River (table 1). This 
mass of water cooled the entire upper end of the reservoir 
6 degrees F. (fig. 4). 

Air temperatures recorded in June, July, and August 1962 
were warmer than for the same period in 1963 (table 2). Under 
these conditions, one might have expected the thermocline to 
develop earlier in 1962, but the outcome was exactly the reverse. 
Apparently the later formation of the thermocline in 1962 was due 
to the extent of reservoir drawdown and subsequent filling period. 
The drawdown in the winter of 1961 and ensuing prolonged fillup in 
spring and early summer of 1962 took place over a significant 
de�th (45 feet) which apparently caused enough water circulation 
to delay formation of the thermocline despite the warmer 
temperatures. By contrast, drawdown in the winter of 1962 was 
relatively �inor--only 21 feet--and fillup in 1963 was of short 
duration, being completed by early May. As a result the 
thermocline was formed fully 2 months earlier than that noted in 
1962. 

Oxygen 

Oxygen concentration plats for the 2-year period are 
shown chronologically in figure 5. Again beginning arbitrarily 
in January 1963, one can see that oxygen concentrations 
approached saturation throughout the reservoir at all depths and 
were relatively stable until March when some depletion could be 
noted below the 160-foot level. This depletion continued, and 
by May concentrations dropped to 1 p.p.m. on the bottom at 
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Table 1.--Mean water temperature (F.) and total volume of flow above and below Brownlee Reservoir 
during periods of limnological sampling, May 1962 - June 1964. 

1962 1963 1964 

Mean 
Mean Mean Mean Mean Mean Mean temp. Mean Mean 
temp. Mean cfs temp. temp. Mean cfs. temp. Snake Mean cfs temp. 

Sample Period Snake cfs Brown- Brown- Sample Snake cfs Brown- Brown- Sample River cfs Brown- Brown· 
Month Da:z: River river lee lee (F.}* :eeriod River river lee lee :eeriod Mile 43 river lee lee 

Jan. 15-17 42.0 12,075 19,143 43.0 7-9 34.0 13,033 20,175 40.0 
Feb. 18-21 44.0 14,025 17,160 35.0 2 38.0 13,100 14,191 38.0 

U1 Mar. 11-14 48.0 13,125 13,394 40.5 2 39.0 14,000 15,220 43.0 
Ill Apr. 8-10 48.2 20,300 9,828 46.0 3/30-4/2 48.0 24,850 14,791 43.1 

May 1-5 58.2 20,800 17,380 54.5 6-8 56.5 17,033 23,757 50.0 4-5 53.0 27,300 29,512 
20-23 66.5 21,300 17,580 55.0 

June 1-15 65.2 17,146 .15,987 60.8 4-10 60.7 37,471 34,351 59.2 1-2 60 •. 8 23,850 6,480 
19-29 69.6 14,333 11,191 64.6 25-28 65.6 30,800 30,626 64.6 

July 3-11 70.2 9,277 7,622 64.1 8-11 72.4 10,030 10,130 66.6 
16-23 71.4 9,080 9,600 66.1 22-25 74.5 9,942 9,746 68.0 
24-31 77.2 9,401 9,362 66.0 

Aug. 6-10 74.0 11,120 13,760 68.7 6-9 73.5 10,475 10,196 68.0 
14-21 72.0 10,364 10,200 69.5 
22-28 72.0 10,346 9,471 69.9 

Sept. 10-14 68.0 12,200 11,660 69.2 3-6 68.4 12,750 13,729 69.9 
25-8 66.0 14,186 15,486 66.1 

Oct. 10-16 57.0 18,028 16,000 62.5 1-3 62.0 12,933 14,183 68.0 
22-26 57.0 15,820 16,440 58.5 

Nov. 26-30 45.5 15,640 14,780 50.5 4-8 50.6 13,620 13,477 57.6 
Dec. 10-13 42.0 14,066 15,375 47.0 9-12 40.0 13,675 15,700 45.8 

* Courtesy of Bureau of Co11DDercial Fisheries River Basins Studies, Boise, Idaho. 
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Table 2.--Air temperatures (F.) at Weiser, Iclahc,!/, and Coates Ranch (mile 27, 
Brownlee Reservoir), June 1962 - May 1964. 

] ] 

Weiser, Idaho Coates Ranch 

1962 1963 1964 1963 
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. 

Month max. min. med. max. min. med. max. min. med. max. min. med. max. 

Jan. 34.3 16.5 25.4 33.6 14.3 23.9 37.2 
Feb. so.a 30.6 40.7 35.2 9.3 22.2 54.4 35.5 45.0 40.0 
March 56.5 30.7 43.6 49.2 26,3 37.7 57.0 35.8 46.4 51.4 
April 59.7 35.3 47.5 54.2 34.5 44.3 62.l 38.4 50.2 61.9 
May 75.0 43.9 59.4 72.4 40.3 56.� 77.l 50.9 64.0 72.7 
June 84.5 49.0 66.8 77.9, 49.3 63.6 78.0 48.6 63.3 81.2 55.3 68.2 78.6 
July 89.9 55.9 72.9 88.9 49.l 69.0 93.6 61.2 77.4 
August 86.3 52.6 72.8 91.0 52.1 71.5 94.l 65.1 79.6 
Sept. 79.7 44.2 62.0 83.7 48.6 66.2 83.8 59.3 71.6 
Oct. 64.0 37.2 50.6 69.1 38.6 53.8 72.0 64.2 68.1 
Nov. 50.2 31.0 40.6 49.9 30.6 40.1 52.3 37.6 44.9 
Dec. 40.3 28.1 34.2 33.1 18.5 25.8 37.4 26.9 32.2 

Avg. median: 57.l 55.1 59.5 

!/ Courtesy of radio station I<WEI. 

J 

1964 
Avg. 
min. 

24.5 
24.2 
31.7 
38.2 
46.1 
54.2 

J .. J 

Avg. 
med. 

30.8 
32.1 
41.6 
50.l 
59.4 
66.4 
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11111! .. 

stations 14 and 15. This area is the zone in which the Snake 
River drops its initial silt load in the reservoir. The entire 
reservoir water mass had a range between 1 and 7 p . p.m. at this 
time. 

Generally, oxygen depletion continued at the lower depths 
from May until November when turnover began. However, the 
surface water (0 to 50 feet) increased its oxygen content in some 
areas and in general maintained a range of 4 to 1 3  p.p.m. The 
increase of oxygen in the surface water was presumably due to 
algae production, which was readily visible throughout most of 
the reservoir. The lowest oxygen concentrations were recorded in 
August, with all the water below 80 feet having a concentration 
of 3 p.p.m. or less and most of the water below 50 feet with 
4 p.p.m. or less. This same condition remained through September 
but was alleviated somewhat in the upper reservoir by October as 
the result of cooler inflow water from the snake and Burnt Rivers. 
By November, nearly two-thirds of the reservoir water had been 
replaced by water containing 7 to 9 p.p . m. dissolved oxygen. 

A small remnant of the hypolimnion still remained in 
December at the face of the dam, but more than nine-tenths of the 
reservoir was completely overturned, with oxygen concentrations 
ranging from 7 to 12 p.p.m. Similar concentrations and patterns 
were found in the Powder River arm. 

The effect of _the turbine intake at 120 feet shows qu ite 
clearly that water circulation adjacent to the dam is sufficient 
to bring some of the oxygenated water down from the epilimnion to 
the hypolimnion during the months of July through October. Oxygen 
concentrations in this area for the same months in 1962 indicated 
an almost identical pattern. 

In late July 1962, an oxygen block (fig. 6) similar to 
that described by Ellis (1941) was observed and could be traced 

through the reservoir in successive months (fig . 5) . This block 
was not observed in 196 3, although there was some evidence to 
indicate that it was beginning to form. Shortly thereafter it 
disintegrated. 

Another major difference that may be noted in comparing 
the oxygen plats for the 2-year period is that concentrations in 
September 1962 were considerably lower in the epilimnal waters 
than they were during the same month in 196 3. Quite possibly the 
oxygen block, higher air temperatures, and lower inflow from the 
Snake River all contributed to the lower epilimnal concentrations 
of oxygen noted in September 1962 . 
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OTHER CHEMICAL ANALYSES 

Ranges o f  total alkalinity, phenolphthalein alkalinity, 
carbon dioxide , pH , silica dioxide, sulphate, and conductivity 
were also obtained for three depth levels--surface , mid-depth, 
and bottom. Excerpts from this sampling are given under the 
following subheadings. 

Total Alkalinity 

Alkalinity plats by monthly sample periods during the 
course o f  the study are shown in figures 7 and 8. Concentrations 
were highest in December, January, February, and March and lowest 
during May and June. As summer progressed, the concentrations 
increased and the same cycle appeared to begin over again in the 
following spring. These concentrations are no doubt governed by 
the trend in alkalinity observed in the Snake River and the other 
tributaries (table 3) . During December and January, when the 
reservoir is nearly homothermous and oxygen concentrations are 
also nearly uni form, the alkalinity concentrations are likewise 
relatively uniform. The largest range in concentrations occurs 
during the summer when the reservoir is stratified. 

Generally, during June, July, and August , the higher 
alkalinity concentrations were found in the hypolimnion. 
Precipitation of normal carbonates by aquatic organisms and their 
subsequent conversion to bicarbonate by carbonic acid probably 
accounts for the higher alkalinity readings in the hypolimnion 
during these months. The large variation in the patterns of 
concentration is probably caused by currents , algae concentrations, 
and changes in the river alkalinit ies. In general, concentrations 
of  alkalinity were similar for comparable periods in the 2-year 
study period. The range for the study year 1962-6 3 was 68 to 202 
p. p. m. : for 1963-64, it was 86 to 225 p . p . m .  

carbon Dioxide 

Concentrations of  carbon dioxide show that lows occurred 
in the spring and early summer and highs in the fall months . 
Highest readings were always noted at the lower depths . The 
range in concentration (p . p. m. )  for the year 1962-63 was O to 12 
for the surface, 0 to 11 for the 100- to 150- foot layer, and 
0 to 19 for the 150- foot to bottom layer. The range for the year 
196 3-64 was O to 19, 0 to 2 3, and O to 43, for surface, mid-depth, 
and bottom, respectively. The month of  January was the only 
month during both years when no carbon dioxide was recorded. The 
above concentrations are far below lethal levels indicated for 
fish by Ellis (19 37). 
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Table 3.- -Surface temperature and chemis try of water in Snake River, 
Powder River , and Eagle Creek , January 1963 - June 1964 . 

SNARE RIVER (AT WEISER) 
Year & Total Pheno . CO2 

Temp . 02 so
4 month a lka linitx a lka linitx pH F .  

1963 
Ppm Ppm Ppm Degrees Ppm Ppm 

January 175 50 0 8 .6  42 11 . 6  35 
February 147 2 0 44 10.0 46 
March 168 12 0 47 11 . 4  43 
April 141 9 0 8 . 4  48 11 . 5  3 9  
May 119 12 0 7 . 9  58 8 . 9  8 
June 115 12 0 8 . 2  7 1  10.1 6 
July 139 15 0 8 .4 74 10 .8  12 
August 176 0 6 . 2  7 . 5  74 6 .6 53 
September 175 0 2 . 6  7 . 8  7 1  a . o  54 
October 186 6 0 7 . 6  62 9 . 0 43 
November 190 13 0 8 . 1  50 10 .3 58 
December 191 15 0 8 . 2  40 12.2 46 

1964 
January 180 1 0 8 . 6  33 13 . 1  51 
February 179 13 0 8 . 2  38 15.4 so 
March 169 4 0 7 . 8  39 11 ,2  42 
Apri l  99 3 0 7 . 7  46 9 . 7 29 
May 171 6 0 8 . 5  5 3  9 . 8  51 
June 130 14 0 60 11 , 2  34 

7e  

Si02 

Ppm 

6 
6 1  
47 
31 
34 
15 
58 
40 
83 
34 
28 
so 

39 
47 
52 
7 
8 

64 



Table 3.--Surface temperature and chemistry of water in Snake River , 
Powder River , and Eagle Creek , January 1963 - June 1964 (continued) 

� 
POWDER RIVER 

Year & Total Pheno. CO2 
Temp. 02 S04 Si02 month alka linity a lkalinity pH F. 

Ppm Ppm Ppm Desrees Ppm Ppm Ppm 
'1111\ 1963 

January 
February 104 0 4.4 7.7 38 11 . 7 22 . 5  6 7  

11!!11 
March 109 0 *4.0 7.7 41 11.6 7.0 66 
April 122 0 1.8 7 . 7  45 14.1 3.0 36 
May 149 10 0 8.1 61 8 . 7  1 . s  54 
June 185 11 0 8.0 80 7.3 9.0 125 

i-i, July 209 14 0 7.7 76 8 . 7  1 . 5 15 
August 265 12 0 7.9 82 7 . 2  22 . 0  22 
September 265 9 0 8 . 0 78 8.2 13.0 25 

11111! October 239 14 0 7 . 8  58 11.0 18.0 15 
November 224 22 0 8.0 49 12.0 19.0 31  
December 181 0 4.4 8 . 0 36 12 .6  36 . 0  58 

1964 
January Frozen 
February 150 6 0 8.0 36 16.7 20.0 25 
March 136 17 0 8 .4 42 13 . 9  � .s 36 
April 82 0 2 . 0  7.6 10.2 125.0 60 
May 136 1 0 8 . 2  60 10.6 42 .0  11  
June 150 0 7.0 58 8 . 6  11.0 74 

*computed from Moore (1958) . 
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i-, Table 3 . - -Surface temperature and chemistry of water in Snake River , 
Powder River , and Eagle Creek , January 1963 - June 1964 (continued) 

EAGLE CREEK 
Year & Total Pheno . CO2 Temp . 02 so4 Si02 month alkalinity alka linity pH F .  

Ppm Ppm Ppm Degrees � Ppm Ppm 
1963 
January 64 0 * 1 . 0  7 . 4  40 12 . 1  6 . 0 3 
February 66 0 3 . 5  7 . 8  38 12 .4  5 . 0 16 
March 69  0 *6 . 0  7 . 3 41  12 . 2  3 . 5 25 
April 68 0 1 . 8 7 . 4  43 9 . 9  3 . 5 10 
May 56 0 1 . 8  7 . 0 53  10 . 2  1 . 0 19 
June 29 0 3 . 5  7 . 2  59  9 . 8  1 . 0 45 
July 58 5 0 7 . 1 70 8 .4 1 . 0 6 
August  15 1 0 2 . 6  7 . 6 82 6 . 7  3 . 0 19 
September 149 9 0 8 . 2  82 9 . 7  3 . 0 42 

19! 
Oc tober 146 0 15 . 0  7 . 2  65 8 . 8 3 . 5  19 
November 8S 8 0 7 . 8 50 10 . 7  4 . 0  36 
December 87 0 3 . 5 7 . 5 38 12 . 2  2 . 0 42 

1964 
January 100 0 7 . 9  7 . 9  34 13 . 0  4 . 5  39 
February 86 4 0 7 . 6 36 15 .5  8 . 0 22 

19! March 78 6 0 8 . 0  44 12 . 6  1 . 5  26 
April 62  2 0 7 . 6  48 10 .8  8 . 0  35 
May 75 1 0 8 . 1  58 10 . 6  25 . 0  11  

19! 
June 36 0 4 47 10 . 6 4 . 5  34 

*computed from Moore (1958) . 
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Normal Carbonate (Phenolphthalein Alkalinity) 

The ranges of normal carbonate expressed as p.p.m. 
calcium carbonate indicated that the maximums were recorded in the 
surface layer (0 to 50 feet). During the entire year, the range 
for the year (July 1962 through June 1963) was Oto 30 p.p.m. The 
range for 1963-64 was Oto 21 p.p.m. During the months of July 
and August, when algae production was high and stratification 
complete, no normal carbonate was found in the lower depths. This 
condition is similar to that in lakes described by Welch (1952). 
Decomposition at the lower depths is apparently sufficient to 
liberate enough carbon dioxide to continually convert all normal 
carbonate to bicarbonate. Carbon dioxide concentrations described 
earlier would appear to support this assumption. 

Hydrogen Ion Concentration (pH) 

Hydrogen-ion readings for the period studied ranged from 
a low of 7.0 to a high of 8.9. The pH of the Snake River was 
generally high (table 3) throughout the year, which accounts for 
the high readings recorded in the reservoir. Highest pH readings 
were found in surface water where normal carbonate concentrations 
were highest. The range in surface pH in 1963, for example, was 
7.7 to 8.9. The range at lower depths (150 feet to bottom) was 
7.0 to 8.3. Neutral readings of 7.0 were recorded near the bottom 
during August and September when the reservoir was well stratified. 
Decomposition apparently liberated enough carbon.dioxide into the 
hypolimnion to lower the pH to this level. Slightly higher 
concentrations were observed on the bottom in the same period in 
1962. The largest portion of the reservoir water mass ranged from 
a pH of 7.5 to 8.5 throughout the year, which would classify 
Brownlee as a relatively alkaline body of water. 

Conductivities 

Conductivities recorded for the years studied ranged from 
227 to 896 niicromhos. The lowest readings were recorded during 
the spring of the year, with progressively higher readings being 
recorded during the summer period. Low readings were noted again 
in late fall after turnover. During the period of stratification, 
the highest readings (maximum 896) were recorded in the surface 
layer. Lower readings were recorded in the hypolimnion during 
this period, which is the converse of what would be expected if 
conductivity is compared with total alkalinity. Apparently some 
electrolytic parameter other than those sampled was reduced at 
the lower depths during this period. 
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Ellis (1940) found that conductivities paralleled alkalinities 
and sulfates and that all three were higher at the lower depths. 
Although conductivities reached maximums above 800 micromhos, 
these were still below the level (1, 000) set by Ellis (1944) as 
the upper limit of conditions favorable to fish life. 

Sulfates 

The range in sulfates for the period July 1962 to June 
1964 was 2 to 69 p.p.m. During most of the year, the range 
throughout the reservoir remained within 15 to 50 p.p.m., which· 
is about optimum concentration for aquatic life (McKee and Wolf, 
1963). Concentrations recorded were highest in the surface 
waters and lowest in the deeper waters during most of the year. 
This may account in part for the decreased conductivities recorded 
at the lower depths discussed earlier. 

Turbidity and Silicates 

Secchi disc readings and silicate concentrations were 
recorded throughout the study period. During most of the months, 
a definite relationship between Secchi disc readings and silicate 
concentrations was noted. Higher silicate concentrations are 
generally followed by low Secchi disc readings. An annual cycle 
is again indicated, with highest turbidities being recorded in 
February (Secchi disc 1 to 2 feet) during drawdown when silt 
deposition in the upper reservoir is recirculated by the turbulent 
river inflow. The high turbidities continue throughout the spring 
and early summer. Then, turbidity gradually decreases up through 
the fall. The highest Secchi disc readings were recorded in 
October at stations 4 and 6, where readings of 23.5 and 25 were 
recorded. The Snake River remained turbid throughout the year, 
with a maximum reading of 2.0 feet. Hence, the uppermost portion 
of the reservoir (stations 18 and 19) was always relatively 
turbid. 

Several authors have discussed the relationship between 
turbidity and plankton production, and hence, fish production. 
Van Costen (1945) found no correlation, whereas Longlois (1941) 
indicated a high correlation. The large plankton blooms that 
have been observed in Brownlee Reservoir through the summer give 
indication that high turbidity has not seriously deterred primary 
production. 

9 



SPECIAL SAMPLING IN CONJUNCTION WITH 

FISH BEHAVIOR STUDIES 

Diel Observations in Brownlee Reservoir 

Four diel studies were made during the period June 1962 
to June 1964. The first study was conducted at mile 19 (mid
reservoir) on September 5 and 6, 1962. At this time the reservoir 
was ·at full pool and completely strat"i .f:ied. The purpose of this 
work was to determine the 24-hour fluqtuation in temperature and 
water chemistry at mid-reservoir. Temperature changes during this 
period did not appear to be particularly significant; however, 
the 2-degree change that did occur reached a depth of 90 feet. 

Dissolved oxygen concentrations at the surface decreased 
from 5.32 p.p.m. at 1900 hours to 4.00 p.p.m. at 0700 hours during 
the above study. This variation coincided with the temperature 
fluctuation. During the early afternoon (1300 hours) the 
temperature began to rise in surface waters, and the dissolved 
oxygen content increased from 4.48 p.p.m. at 1000 hours to 4.90 
p.p.m. at 1300 hours. Below 140 feet, which coincides with the 
top of the thermocline, D.O. was absent. 

Hydrogen-ion determinations for the above period showed 
normal concentrations ranging from pH 7.1 to pH 8.2. One surface 
sample taken on the second day showed an increase from pH 8.0 at 
1000 hours to pH 9.0 at 1300 hours. During the same period on 
the previous day, the pH ranged from 7.3 to 7.8. Free carbon 
dioxide declined from 3.52 p.p.m. at 1000 hours to O p.p.m. at 
1300 hours. Total alkalinity rose from 156 p.p.m. at 1000 hours 
to 408 p.p.m. at 1300 hours. 

Free carbon dioxide concentrations were relatively high 
throughout the entire 24-hour period. Surface water readings 
showed a range from 1.76 p.p.m. at 1200 hours to 7.04 at 0100 
hours. The greatest decline in free carbon dioxide occurred in 
the mid-morning hours. Free carbon dioxide was consistently 
higher in the vicinity of the thermocline and hypolimnion; 
ranging from 5.28 to 12.32 p.p.m. Conductivity, sulfates, and 
silicates did not show any significant diel variation. 

A second diel study was conducted at a floating fish 
trap located at mile 36. A high mortality of young salmonids 
was noted at this trap on July 17, 1963. Sampling was carried 
out on July 18 and 19 to determine if water temperature and water 
chemistry were the factors involved in this mortality. The study 
was begun at 1500 hours, and samples were taken every 3 hours 
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over the ensuing 24-hour period. Samples were collected from the 
trap site and at a point 100 feet outward from the trapo These 
samples were compared to see if the phenomenon occurred only at 
the trap. There was no significant difference between the samples 
at the two sites. water temperatures ranged from 71.8° to 73.4° F. 
at the 10-foot level and from 72. 1° F. to 75.8° Fo at the surface. 
There was a 2° to 3o F. diel variation in the temperature at the 
surface, the highest being recorded in the early afternoon. D. o. 

concentrations ranged from a high of 3.20 p.p.m. to a low of 1.60 
p.p.m. There was no significant diel variation, but rather a 
continuous decrease in the oxygen concentration. These high 
temperatures coupled with low D.O. concentrations apparently were 
the agents contributing to the high mortality of captured fish. 
The other chemical determinations {pH, sulfates, and carbon 
dioxide) showed normal concentrations for survival of fish 
{Ellis, 1937 and 1944), with no apparent diel fluctuations. 

The third day-night study was carried out on August 19 
and 20, 1964, to determine the extent of diel variation in water 
chemistry and temperature where high concentrations of algae are 
present. A series of samples was taken in the Powder River arm 
at stations 4 and 5, which are located in the relatively shallow 
pond at the head of the arm. Samples were also taken at station 
3, which is located in the upper end of the arm. Water 
temperatures varied 4° F. in normal day-night cycle, with surface 
temperatures ranging from 69° to 73° F. Dissolved oxygen 
concentrations showed a high diel fluctuation. The higher levels 
ranged from 11 to 14 p.p.m. for all stations. This condition 
occurred in the late afternoon quring the highest algae activity. 
In the early morning hours, D.O. dropped to a low of 6 to 9 p. p.m. 
in the surface waters. 

Free carbon dioxide was found from 30 to 50 feet at all 
stations in the above study. The surface waters showed no carbon 
dioxide. There was no apparent diel variation in these 
concentrations. Hydrogen ion determinations ranged from pH 8. 3  
to pH 7o4 in the surface waters. Again there was no diel 
variationo 

The final diel study was begun on May 12, 1964, at mile 
25 in Brownlee Reservoir. This study was initiated primarily to 

determine the effects of current direction and velocity on the 
fish movement throughout a 48-hour period: however, in conjunction 
with this study, limnological determinations were also made. 
Water temperatures remained fairly stable throughout the study 
period. Some temperature variation was noted again, as in 
September of 1963. The few degrees variation reached to a 70-foot 
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depth. Temperatures down to 70 feet ranged from 55° F. to 58° F. 
Dissolved oxygen concentrations varied from 10 to 12.5 p.p.mo 
Hydrogen··ion values ranged from 8.4 to 8.6. This higher than 
normal pH may have reflected the presence of irrigation drainage. 
All other determinations also showed only minor variations during 
the diel cycle. 

Trap Site Sampling 

Throughout March, April, and May of 1963, a routine 
limnology sampling procedure was initiated on the surface trap 
nets fishing in the Brownlee Reservoir. The purpose was to 
monitor the local limnological conditions existing at each 
individual trap during the peak of the salmonid migration. 
Throughout the 3-month period, oxygen concentrations remained 
saturated or near saturation. Concentrations ranged from 8 to 
14 p.p.m. Water temperatures warmed gradually as the season 
progressed. A high of 72° F. was recorded at the end of May. 
All other chemical determinations remained within acceptable 
limits for fish. Samples taken at the trap sites were comparable 
to those taken at established stations in the same general areas 
of the reservoir. 

Currents 

Current velocity and direction data collected in March 
during maximum drawdown (-87 feet) showed that measurable currents 
were recorded from surface to bottom and from station 20 to the 
dam. Velocities varied from .175 feet per second to 2.5 f.p.s. 
in the upper reservoir, and from . 04 to .5 in the lower reservoir. 
The directional pattern of all readings was downreservoir. The 
reservoir was nearly homothermous at this time. 

Data collected during fillup in April at the minus 
67-foot level showed that velocities at the lower depths from 
station 10 downstream had zero velocity readings. All readings 
at station 10 (mid-reservoir) were zero. Temperature data 
collected at this time indicated vertical stratification had 
begun. All readings in the lower reservoir were less than .5 
feet per second at this time. Velocity and direction readings 
recorded in April at the next level (-47 feet) during a spill of 
approximately 5, 000 cubic feet per second indicated that 
sufficient currents were generated by this minimal spill to 
trigger measurable currents at station 10. Readings at this time 
ranged from .04 to .20 feet per second at station 10. Readings 
in the lower reservoir still remained below .5 f.p.s. In general, 
all currents were in a downstream direction and were measurable 
from station 20 to the dam in the upper levels. 
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Data were also collected on June 24 and 25, 1964, when· 
the reservoir was at full pool and with a spill of 40, 000 c.f.s. 
Measurable currents were recorded from station 20 to the dam in 
the upper levels. However, depths below 125 feet in the lower 
reservoir indicated zero readings. The range of velocities in 
the upper reservoir was from .125 to 1.0 f.p.s.r in the lower 
reservoir, velocities ranged from .04 to .475 f.p.s. The maximum 
velocity in the lower reservoir was recorded at the 75-foot depth 
at station 6. In the upper levels throughout the reservoir, the 
directional pattern was generally downstream. However, some 
reversals in direction were recorded at the lower depths in the 
upper reservoir. 

Continuous monitoring with current meters very 
definitely showed that velocities increased throughout the 
reservoir at drawdown and that directional patterns are 
relatively constant. Then, as the reservoir filled, velocities 
initially decreased at the lower reservoir and continued to 
decrease until the upper reservoir ar. station 20 was also affected. 
Directional patterns also became more erratic as the reservoir 
filled. 

EFFECT OF BROWNLEE AND OXBOW RESERVOIRS 

ON INFLOW WATERS OF THE SNAKE RIVER 

Temperature, dissolved oxygen, and total alkalinity were 
obtained in 1963 at three stations along the course of the Snake 
River-- (1) above Brownlee Dam (Weiser, Idaho), (2) below Brownlee 
(interstate bridge), and (3) below Oxbow (powerhouse tailrace) . 
These data are plotted (fig. 9) to show the effect of the 
Brownlee-Oxbow complex on the inflowing river waters during the 
period of April through December. 

From April through August, the Snake River above 
Brownlee showed a rapid increase in temperature, whereas the 
st�tions below Brownlee and Oxbow showed a definite lag in warming. 
September temperatures were nearly identical at all three stations, 
but from October through December, the trend was the reverse of 
that shown in the spring and summer period; i.e., inflowing water 
cooled rapidly, whereas the reservoirs held the outflowing water 
at higher temperatures for a prolonged period. Outflow at Oxbow 
was slightly cooler than that from Brownlee during this period, 
but nevertheless, it remained higher than the inflowing Snake 
River water. 

Dissolved oxygen concentrations in the river above 
Brownlee remained relatively high through July, followed by a 

13 



... 
w 
I» 

80 

LL.: 60 
en w w 40 a:: 
w 
0 2 0  

z 
0 
:J ...J 
:::E 

0 
12 

10 

8 

a:: w 6 a. 
4 

2 

0 

200 
� 180 
...J 160 
...J 140 
:::E 120 
ffi 100 
o.. 80 
(/) 60 
� 40 
� 20 

0 

APR 

TOTAL ALALINITY 

MAY JUN JUL AUG 

ABOVE BROWNLEE (AT WEISER) 

BELOW BROWNLEE 

OXBOW 

SEPT OCT NOV 

Figure 9. - -Comparison of temperature, dissolved oxygen, and alkalinity in the 

Snake River above Brownlee Reservoir, below Brownlee, and below 

Oxbow. 

DEC 



sharp decline in August, with a gradual buildup commencing in 
September. During the same period dissolved oxygen concentrations 
below Brownlee, with the exception of those in June when spilling 
occurred, were much lower than those in the inflowing water. 
Undoubtedly the drawoff of water (through turbine intakes) from 
oxygen depleted layers in the reservoir was responsible for the 
lower concentrations of oxygen below Brownlee. Readings fell below 
5 p.p.m. from August through October, a condition approaching the 
critical limit for survival of salmonids (Ellis, 1944), especially 
when these levels are coupled with water temperatures in excess of 
70° F. Oxygen concentrations below Oxbow were somewhat higher 
during the same period, indicating some restoration of oxygen 
occurred in the Oxbow area. Improvement of oxygen conditions 
below Brownlee and Oxbow did not begin until November, 2 months 
after increases were noted in the river above Brownlee. 

Measurements of total alkalinity indicated trends 
similar to those observed for temperature and oxygen. In August, 
the inflowing water showed a sharp increase in alkalinity, 
whereas increases below Brownlee and Oxbow were gradual. 
Approximately 4 months ensued before alkalinity below the 
reservoirs reached that of the inflowing water in August. Again, 
the delaying effect of the reservoirs is apparent. 

DISCUSSION AND CONCLUSIONS 

Water temperatures and dissolved oxygen concentrations 
seem to be the most important environmental factors relating to 
the movements and survival of salmonid populations in Brownlee 
Reservoir. Because of the high water temperatures and low oxygen 
concentrations during the summer, movement of juvenile trout and 
salmon is no doubt greatly restricted. (See report on fish 
behavior.) Succeeding generations of salmonids in this section 
of the Snake River have undoubtedly developed a higher tolerance 
to warm water than would be expected in many other areas on the 
Pacific Coast. With the construction of Brownlee Dam, however, 
native species of salmonids are being subjected to even greater 
stresses than existed in the pristine environment. 

Brett (1952) lists maximum temperatures for salmon 
survival between 75° and 77° F. Ferguson (1948) lists the 
temperature preferenda as 53.1° F. for chinook and pink salmon. 
Donaldson and Foster (1941) concluded that young sockeye 
fingerling were merely able to maintain themselves at temperatures 
of 70° F. and could not tolerate water as high as 78° F. more 
than a few days. Dissolved oxygen levels were not discussed in 
these two studies, but Ellis (1944) states that a D.O. content of 
not less than 5 p.p.m. is favorable to a mixed faunae of food and 
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game fish of the "warm water type." The California State Water 
Pollution Control Board (1952) indicates a dissolved oxygen 

11 content of 5 p.p.m. as optimal for fresh water fishes. Shumwa� 
showed that oxygen levels were definitely correlated with growth 
of coho salmon. In general, high concentration of dissolved 
oxygen increased growth and low levels retarded growth. Swift 
(1963) had similar results in experiments with brown trout. 

If the above conclusions on the effects of temperature 
and qissolved oxygen requirements on fish are applied to salmon 
in Brownlee Reservoir, there are, no doubt, times at which fish 
movement in this reservoir is restricted or perhaps even 
seriously endangered. Growth of individuals remaining in the 
reservoir in August and September is most likely reduced, if not 
stopped altogether, especially in years when oxygen levels are 
extremely low and temperatures soar to nearly lethal levels. For 
example, August 1962 was much more critical for salmonids than 
the same month in 1963. 

Other parameters in Brownlee such as alkalinities, pH, 
conductivities, etc. have been within acceptable limits for fish 
life, although conductivity and pH readings have reached near 
critical levels at times. Sulfate and alkalinity concentrations 
during most of the year have been optimal for aquatic life (McKee 
and Wolf, 1963) . 

Several authors relate total dissolved solids, methyl
orange alkalinity, and conductivity with productivity--most of 
them find a positive correlation between these parameters. 
Northcote and Larkin (1955) in their study of 100 British 
Columbia lakes indicated that total dissolved solids was the 
most important factor in determining the general level of 
productivity. Lakes with the highest index of productivity had 
concentrations of T.D.S. in excess of 100 pop.m. On the basis 
of the current chemistry of Brownlee Reservoir, it appears that 
T.D.S. in this impoundment would be well in excess of 100 p.p.m. 
Even though sufficient nutrients are apparently available for a 
high productivity in Brownlee, critical temperature and oxygen 
levels during mid-summer are undoubtedly parameters that would 
tend to restrict production of salmonids in this area • 

.!/ Presentation at 1964 Pacific Fisheries Biologists 
Conference. Title: "Dissolved Oxygen Concentrations on 
Food Consumption and Growth of Bass and Coho Salmon." 
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Current velocity and direction information indicates 
that currents are sufficiently increased during drawdown and 
during spills to possibly affect movement of salmonids. It would 
appear that the maximum effect would occur during maximum 
drawdown when current velocities are highest and directional 
patterns most definitely downstream. Laboratory experiments 
conducted by Gregory and Fields (1962) indicate that juvenile 
silver salmon and chinook salmon did have significant responses 
to minimal currents down to . 013 f. p. s. If this applies to 
Brownlee Reservoir, salmonid movement could be speeded during 
drawdown or during significant spills. 

In general, the Brownlee Reservoir environment appears 
to be suitable for juvenile salmonids in spring, winter, and 
fall, but unsuitable during mid-summer. Adult migrants most 
likely to be affected by the reservoir environment are the fall 
chinook salmon. · Water temgeratures below Oxbow at the time of 
peak migration have been 5 to 9° F. higher than corresponding 
Snake River temperatures above Brownlee. At the same time, 
dissolved oxygen concentrations below Brownlee have been 
considerably lower than those noted in the inflowing water above 
Brownlee. The combination of these two factors may well place 
additional stress on adult migrants at this time of the year. 

SUMMARY 

1. Temperature and oxygen concentrations are the most 
critical environmental factors affecting the distribution and 
survival of salmonids in Brownlee Reservoir. 

2. The months of August and September have shown 
excessively high epilimnal temperatures (up to 81° F.) and 
relatively low oxygen (0 to 4 p. p.m.) concentrations in the 
limited area of suitable salm?nid habitat. Growth and movement 
of residual salmonids can be kseriously restricted during this 
time of year. 

3. Oxygen blocks were noted in early summer at the 
upper end of the reservoir in 1962. 

4. Either large volumes of water entering from the 
Snake River and tributaries or large flows at the dam site can 
significantly influence oxygen concentration and temperature 
trends in the epilimnal layer of the upper reservoir. 
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5. The most significant factor influencing formation 
of the thermocline is the amount of reservoir drawdown and the 
length of the filling period. A significant drawdown (40 feet) 
such as occurred in 1962 delayed formation of the thermocline, · 
whereas in 1963 when drawdown was minimal and fillup was rapid, 
the thermocline formed earlier in the year. Air temperature was 
of secondary importance, as were the temperature and volume of 
water entering from the Snake River. 

6. A thermocline or metalimnion has developed each year, 
with a high degree of oxygen depletion in all areas below the 
epilimnion. 

7. Analysis of other parameters such as carbon dioxide, 
silicates, sulfates, hydrogen-ion concentration, conductivity, 
alkalinity, and turbidity indicated that these are within 
acceptable limits for fish life. Apparently sufficient quantities 
of nutrients are available in Brownlee for high production, with 
little variation from year to year. 

8. Diel sampling conducted during the spring and fall 
indicated that the diel physical and chemical changes are not 
sufficient to cause any radical change in the behavior of 
salmonids. However, diel variations occurring in the summer 
could significantly influence a diel vertical movement of 
salmonids. 

9. Current velocity and direction data collected to 
date suggest that currents could be very significant in affecting 
movement of salmonids through Brownlee Reservoir. Current 
velocities increased throughout the reservoir at a maximum 
drawdown of 87 feet, and measurable velocities were detected at 
all depths from the upper to the lower reservoir. Velocities 
decreased and directional patterns of the currents became more 
erratic during fillup. Significant spills at the dam increased 
currents and changed directional patterns of the flow in the 
upper levels throughout the reservoir during April and June 1964. 

10. Environmental conditions in the spring, fall, and 
winter are suitable if not optimal for salmonids. 

11. Brownlee Reservoir has a significant effect on the 
Snake River below the reservoir in that temperatures are held 
higher (approximately 9° F.) and oxygen concentrations lower 
(5 p.p.m. ) during the month of October. A reversal of this 
condition occurs in June and July. In general, the reservoir 
has a buffering effect on temperatures, oxygen concentrations, 
and alkalinity. 
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INTRODUCTION 

One of the basic considerations in planning for--fish 
passage at high dams is the effect of a large, deep impoundment 
on the upstream migration of  adult salmon. If anadromous fish 
can pass through a large impoundment and successfully spawn, they 
may be passed directly over the dam into the forebay to continue 
their natural migration. If passage in the reservoir is impaired, 
it may be necessary to transport the fish around the reservoir-
an operation that may be complicated by the need for separating 
subpopulations in the event that several tributary streams are 
involved. 

The effect of a large impoundment on the passage of 
adult salmon was examined in Bro�nlee Reservoir on the Snake 
River (fig. 1). This 57�-mile-long impoundment, created in 1958, 
presented a potential barrier to chinook salmon (O. tshawytscha) 
and steelhead trout (Salmo gairdneri} on their upstream migration 
to spawning areas above the reservoir. Except during extreme 
drawdown and high river discharges, virtually no water currents 
ex.1st in the impoundment, and high temperatures & low oxygen 
concentrations are prevalent--especially during summer and fall 
months. 

Since the filling of Brownlee Reservoir, the number of 
adult salmon returning to the area has declined. There may be 
many factors responsible for this decline, but at the outset of 
these studies it was recognized that adult fish might experience 
difficulty in migrating through the large impoundment to spawning 
areas. To determine if the impoundment created problems in adult 
fish passage, tagging experiments with adult fall-run chinook 
salmon were conducted for 3 successive years by the Idaho 
Department of Fish & Game and by the Bureau of Commercial 
Fisheries. 

In 1960, the Idaho Department of Fish and Game performed 
exploratory experiments which led to more controlled experiments 
in 1961. In 1962, the Bureau of Commercial Fisheries initiated 
a cooperative tagging experiment with the Idaho Department of 
Fish & Game and the Fish Commission of Oregon. Idaho Department 
of Fish and Game personnel tagged the fish and Fish Commission of 
Oregon technicians supervised a prophylactic program to minimize 
the transmission of disease during tagging and transportation of 
the fish. The fish were transported by the Idaho Power Company. 

In these experiments, the ability of fall-run chinook 
salmon to negotiate the impoundment was determined by comparing 
the spawning ground recoveries of tagged fish released at two 
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different sites-- (1) at the lower end of Brownlee Reservoir and 
(2) in the Snake River above the reservoiro This report 

summarizes the results of the experiments. 

METHODS AND MATERIALS 

Adult salmon were obtained for the experiment at the 
Oxbow Dam fish trap about 12 miles below Brownlee Dam and tagged 
with Petersen disc tags before release. In 1960, those fish that 
appeared to be physically healthy and vigorous were selected for 
the exploratory experiments and were tagged without being 
anesthetized, but in subsequent experiments, fish were not 
individually selected and were tagged under anesthesia (MS-222). 
In all of the tests, the fish were tagged by Idaho Department of 
Fish and Game personnel (fig. 2) . In 1960 and 1962, the fish were 
tagged near the Oxbow trap before being transported to the release 
sites. but in 1961 the fish were transported to the release sites 
before being tagged and released. 

Throughout the experiments untagged fish were released 
in the reservoir by the Idaho Power Company as a part of their 
usual fish passage operations. In 1962, special groups of fish 
were marked with adipose fin clips before release in the 
reservoir. These fish had been anesthetized and examined during 
selection for artificial spawning at the Oxbow eyeing station but 
were not retained for spawn-taking. 

Fish were transported in circulating oxygenated water to 
a release site in Brownlee Reservoir about 2 miles above the dam 
and to another site in the Snake River about 12 miles above the 
impoundment. During transportation to the Snake River site, water 
temperatures were controlled by circulating the water through iced 
compartments. Transportation time to the reservoir release site 
was usually about 1 hou� and to the Snake River release site 
about 3� hours. 

The prophylactic program in 1962, supervised by the Fish 
Commission of Oregon, included the use of tincture iodine, roccol, 
alcohol, and malachite green. The tagging equipment was 
sterilized in a solution of ethanol, and the tagging area on the 
fish was treated with iodine. Wounds, abrasions, and infected 
areas were treated with a topical application of malachite green. 
In addition, all fish were treated for 1 hour with malachite 
green while being transported to the release site. At the end of 
a day's operation, roccol was used to sterilize fish tanks on the 
hauling trucks. About 3 weeks after the start of the experiment, 
there was some indication that the iodine treatment might be 
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Figure 2.--Idaho Department of Fish and Game personnel 
attach disc tag to chinook salmon. Fish is 

partially submerged in flowing water, and 

the head is covered during tagging. 
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adversely affecting the fish. A 15 percent solution of malachite 
green was subsequently used. Also, on one occasion, there was 
high mortality due to inadequate rinsing of a fish tank after 
sterilization with roccol. To avoid a recurrence, malachite green 
at a concentration of 2 p.p.m. was substituted for the roccol. 

The success of passage through the impoundment was 
determined by comparing the numbers of tagged fish recovered on 
the spawning grounds from (1) those groups released in the 
reservoir and from (2) those transported around the reservoir & 
released in the Snake River. Tagged fish were recovered during 
weekly surveys from late October to early January by personnel of 
the Idaho Department of Fish & Game and the Bureau of Commercial 
Fisheries. A few tagged fish that were recovered downstream of 
the spawning grounds by sports fishermen and from other sources 
were not included in the analysis. 

In 1962, a weir (fig. 3) was constructed in the Snake 
River approximately 12 miles above the reservoir and about 1/2 
mile above the release site in the river. The purpose of this 
structure was to obtain specific information on the immediate 
effect of the impoundment on fish migration. About midway through 
the experiment, when it became evident that the weir was delaying 
upstream migration. it was removed to allow free passage of adult 
migrants. 

Bureau personnel attached sonic tags to adult chinook 
salmon in the fall of 1961 to examine initial orientation and 
behavior of fish after release in the reservoir. Individual fish 
were tracked in detail during this experiment. In the fall of 
1962, group movements were studied with fixed monitors and 
portable hydrophones following release of the fish in the Snake 
River above the reservoir. 

Information on the passage of adult chinook salmon through 
large bodies of water--other than impoundments created by dams-
was gathered by Bureau of Commercial Fisheries personnel. The 
material was gleaned from discussions with biologists having 
knowledge of chinook salmon runs in Alaska, British Columbia, and 
.Yukon Territory. Data were obtained on estimated size of 
sustained populations and size of the lakes through which the fish 
migrated to reach spawning areas. 
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Figure 3.--Snake River weir (upstream view) with fish 

traps for identification and release of 

migrating salmon. Site is approximately 

12 miles above Brownlee Reservoir. 
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RESULTS AND DISCUSSION 

Passage through Brownlee Reservoir 

Spawning ground recoveries from the various groups of 
tagged and untagged fish released during the experiments appear 
in table 1. These data show that there were no significant 
differences between the recoveries of tagged fish from the 
releases in the reservoir and in the Snake River: however, it was 
found that differences were evident between variously treated 
groups of fish released in the reservoir. Untagged fish were more 
successful in reaching the spawning area than either the fin
clipped or tagged fish, and the-fin-clipped fish were more 
successful than the tagged fish. 

Although the tagged fish released in the Snake River were 
transported about 2� hours longer than those released in the 
reservoir, there was no evidence that the longer period of 
confinement affected the condition of the fish. Upon release, 
they appeared healthy·and vigorous and resumed upstream migration 
shortly after release. There was no measure of delayed mortality 
due to hauling in these experiments, but other investigators have 
indicated that prolonged transportation appeared to have no 
adverse affect on adult chinook salmon. Parker (1944) transported 
adult fish for 2 hours and Fish and Hanavan (1948) reporteg ,hauls 
of about 4 hours without adverse effects. In 1961, Groves!!, 
transporting fish 5 hours or more to a test area, followed by a 
5-hour return haul to a hatchery, reported no mortalities directly 
attributable to the prolonged transportation. This information 
suggests that fish transported to the reservoir and to the Sn�ke 
River were in comparable condition throughout these experiments. 
Thus, any differences between the proportions of recoveries on the 
spawning grounds from releases at the two sites would be 
attributable to environmental factors after release. Since there 
was no significant difference between the recoveries of fish 
released in the reservoi� and in the Snak� River, we conclude that 
adult salmon can pass successfully through a large reservoir such 
as Brownlee and reach the spawning grounds. 

A high mortality of tagged fish was indicated in 1962. 
There was a complete lack of tag recoveries from fish released 
between August 27 and September 23 and only 1 recovery between 

.!/ Personal communication. Alan B. Groves, Biologist, Fish
Passage Research Program. 
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Table 1. Recovery of fall-run chinook from spawning 
grounds during adult migrant tagging 
experiments. 1960-1962. 

No. of 
fish 

Exper- No. of recovered 
Release imental fish on spawn. Percent 

site condition released grounds recovered 

Reservoir Tagged 361y 23 6.5 

196o!/ Untagged 4,282 218 5.1 

1961 

1962 

!/ 

y 

Snake R. Tagged 

Reservoir Tagged 

Untagged 

Snake R. Tagged 

Tagged 

Fin-
Reservoir clipped 

Untagged 

Snake R. Tagged 

267 

686 

3, 272 

688 

444 

3'65 

342 

340 r u7 I 
! � 

' 

16 

70 

467 

83 

13 

31 

85 

11 

Exploratory experiments by Idaho Department of Fish 

94 fish were transported in unoxygenated water. 
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September 24 and 28. This lack of tag recoveries coincided with 
a period of constant high temperature (fig. 4 and S) at both the 
reservoir and river release sites. The high temperature does not 
appear to be the specific cause of mortality: however, the good 
recovery of untagged fish (highest of 3-year study) suggests that 
individuals from these releases survived and reached the spawning 
grounds regardless of the temperatures at time of release. 
Possibly the stresses on fish during the tagging operation produced 
these mortalities. 

The differential recovery of tagged and untagged fish 
from the reservoir releases in 1961 and 1962 also indicat�s a 
tagging mortality. Although no differences were noted in the 1960 
experiments, possibly because of the selection of large healthy 
fish for tagging, Hauck (1961) states the data suggested decreasing 
recoveries with increasing temperatures. 

Recoveries of fish from the fin-clipped group also give 

evidence of stress from handling, since these returns amount to 
only about one-third of those from the untagged controls. Whereas 
the recoveries from fin-clipped fish were higher than those from 
the tagged fish, even though handling procedures were about the 
same for both lots, it should be noted that most of the fin
clipped fish were released when temperatures were more favorable. 

Initial Orientation and Behavior 

Sonic tracking experiments in Brownlee Reservoir in 1961 
indicated that most of the tagged fish were initially disoriented 
and spent considerable time in the lower reservoir before resuming 
upstream migration. A disoriented pattern of behavior after 
release is shown in figure 6, and the track of one fish that 
resumed upstream migration soon after release is shown in figure 7. 
Apparently, fish eventually become oriented and migrate upstream, 
as is evidenced by the number of adults observed on the spawning 
grounds each year. 

Monitoring of groups of sonic-tagged fish released in 
the Snake River above the reservoir indicated that more than half 
of the 44 tagged fish migrated upstream to the weir (1/2 mile) in 
less than an hour. Other fish followed more slowly, but only a 
few remained in the release area up to 24 hours. The most extreme 
downstream migration of 1-1/2 miles was by a fish that remained 
there for only about 2 hours before resuming upstream movement. 
A typical pattern of distribution, showing the delaying effect of 
the weir, is given in figure 8. During three releases after the 
weir was removed, the fish moved past the weir site with no 
hesitation. 
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Rates of Movement 

Before the weir was removed from the Snake River, five 
fish that were tagged and released in the reservoir were 
identified as they passed the weir . The total elapsed time from 
release to identification at the weir ranged from 76 o 0 to 236.9 
hours, an average elapsed time of 160.5 hours or 6 . 7  days. The 
average rate of upstream movement from release to passage through 
the weir was 10.5 miles per day. It is possible that the extended 
elapsed times were due to disorientation in the reservoir and to 
delay at the weir. 

Thirteen of the fish released at the Snake River site 
were observed passing through the weir. Total elapsed times from 
release to identification varied between 2.2 and 159.5 hours, an 
average of  67.3 hours or 2.8 days. The extended elapsed times for 
these fish can be attributed to delay at the weir. Sonic 
monitoring observation showed that fish began moving upstream 
shortly after release, but few fish passed the weir until it was 
opened. 

Selection of Spawning Streams 

Spawning ground surveys and catches of juveniles in 
downstream migrant traps indicate that adult salmon migrants 
select specific tributaries for spawning. Spring-run chinook 
salmon and steelhead trout enter the Powder River about 18 miles 
above Brownlee Dam and migrate into Eagle Creek (fig. 1) where 
they spawn. Substantial numbers of juveniles are captured as they 
migrate into the impoundment. 

Spring chinook and steelhead trout also negotiate the 
entire reservoir and enter the Weiser River and possibly other 
tributaries of the Snake River. Progeny from these adult 
populations have been captured by Idaho Department of Fish & Game 
and by Bureau of Commercial Fisheries downstream migrant trapping 
activities . 

Fail-run chinook salmon swim through the reservoir and 
continue about 75 miles upstream in the Snake River where they 
spawn in the Swan Falls area. Large numbers of adults have been 
observed on this spawning ground and many of their progeny have 
been captured as they migrate downstream. 

Spawning Success 

Passage through Brownlee Reservoir does not appear to 
affect the ability of fall-run chinook to complete their spawning 
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activities. From observations by the Idaho Department of Fish and 
Game (Pirtle & Keating, 1955, and Richards, 1956-1962) during their 
annual spawning ground surveys, there does not appear to be any 
significant change in the totally spent fish (fig. 9) before and 
after Brownlee Dam was closed in 1958. 

Passage Through Lakes 

Evidence of adult chinook salmon migration through large 
lakes suggests that the size of a body of water may not be a 
critical factor influencing upstream migration. In A&aska, 
chinook (king) salmon have been observed in the upper Wood River 
Lakes, some 60 miles upstream of the lowermost lake. About 5, 000 
adults are estimated to enter and spawn in tributaries to Naknek 
Lake. Some of these fish reached Brooks Lake weir, which is about 
30 miles above the outlet of Naknek Lake. 

In British Columbia, 500 to 1, 000 adult chinook pass 
through SO-mile-long Harrison Lake into the Birkenhead River, and 
about 5, 000 migrate through 15-mile Kamloops Lake and continue on 
for 45 miles through Shuswap, Eagle, and Mara Lakes to spawn. 
Some fish pass 50 miles through Quesnel Lake into the Mitchell 
River. Before Coulee Dam was constructed, large runs of chinook 
were reported to have migrated through the lower Arrow Lake 
(45 miles) and upper Arrow Lake (35 miles) to spawn below 

Windemere Lake, 80 miles further upriver. 

Over 3, 600 chinook are estimated to enter LaBerge Lake 
in Yukon Territory. A small number enter a tributary about half 
way through the 35-mile lake, but the majority of fish continue 
through the lake to the Takhini and McKlintock rivers. Another 
run of 2, 000 fish migrates up the Teslin River and continues 45 
miles into Teslin Lake before entering the Nisutlin River. 

CONCLUSIONS 

1. Adult fall-run chinook salmon can pass successfully through a 
large impoundment such as Brownlee Reservoir. 

2. Passage through Brownlee Reservoir has not affected the 
ability of fall chinook to spawn successfully. 

3. Fall chinook migrants were initially disoriented when released 
in the reservoir but recovered and resumed migration to 
spawning areas. 
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SUMMARY 

Tagging experiments were conducted from 1960 to 1962 in 
Brownlee Reservoir to examine the effect of a large impoundment on 
the migration of adult fall-run chinook salmon. Some of the 
migrants captured at the Oxbow Dam trap, about 12 miles below 
Brownlee Dam, were tagged and released near the lower end of 
Brownlee Reservoir, whereas others were tagged and transported 
around the reservoir and released in the Snake River about 12 
miles above the reservoir. Untagged fish were released in the 
reservoir throughout the experiments. In 1962, special lots of 
fiso were marked with an adipose fin clip before release in the 
reservoir. These fish had been examined at the Oxbow spawning 
facility but were not used in the spawn-taking activities. Success 
of passage through the reservoir was determined by comparing the 
numbers of tagged fish recovered on the spawning ground from the 
two release sites. 

The results indicate that adult fall-run chinook salmon 
can successfully pass through a large impoundment such as Brownlee 
Reservoir. Approximately equal proportions of fish were recovered 
from the releases in the reservoir and in the river above the 
r�servoir. Comparisons of the recoveries of tagged and untagged · 
fish released in the reservoir indicate that tagged fish were 
sub.j ect to additional stresses and reached the spawning grounds in 
smaller proportions than the untagged lots. This was especially 
true in 1962 when a high tagging mortality was observed during the 
early part of the run. 

Tracking of sonic-tagged fish indicated that those 
released in the reservoir were initially disoriented but 
eventually resumed their migration to the spawning ground. Fish 
released in the Snake River resumed upstream migration shortly 
after release. Few fish moved downstream from the release site. 

In 1962, a few fish were identified as they passed 
through a weir in the Snake River about 12 miles above the 
impoundment. Limited data indicated an average rate of passage 
of about 10.5 miles per day from the lower reservoir to the weir. 

Evidence that migrating salmon and steelhead trout select 
specific areas for spawning is substantiated by spawning ground 
surveys and downstream migrant trapping activities. Populations 
of spring chinook salmon and steelhead trout have maintained their 
identity in widely separated spawning areas even after construction 
of Brownlee Dam. Spring chinook and steelhead are found in Eagle 
Creek, which is about 20 mi.les from the dam, and in the Weiser 
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River, which enters the Snake several miles above the reservoir. 
Fall-run chinook have continued to utilize their accustomed 
spawning grounds in the Swan Falls area, which is approximately 
140 miles above Brownlee Dam. 

Passage through the reservoir does not appear to affect 
the ability of fall-run chinook salmon to spawn. The percentages 
of totally spent fish before and after the closure of Brownlee Dam 
show no significant differences between 1954 and 1962. 

The ability of adult chinook salmon to pass through large 
lakes suggests that the size of an impoundment may not be a 
critical factor in upstream migration. 
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SUMMARY AND CONCLUSIONS 

Data on fingerling recruitment to Brownlee Reservoir were obtained 
with floating fingerling traps (migrant dippers and floating louver extensions) 
in the Snake River and with a stationary louver facility in Eagle Creek (Powder 
River syste�). Progeny of native runs of spring-run chinook salmon and steel
head trout were present through 1964 in both areas, but few fall-run chinook 
progeny were present in the Snake River in 1964, since only a token number 
of adults were passed during the previous fall. 

Snake River 

Supplementary plants of approximately 250, 000 0-age chinook and 
37 5, 000 yearling cohoes were made in the Snake River in the late winter and 
early spring of 1964. These fish were the progeny of lower Columbia River 
stocks. 

Fall-run chinook progeny have predominated in the Snake River 
system. The following are estimates of the annual recruitment from the 
principal populations in the Snake River above Brownlee Reservoir with brood 
years in parentheses: 

Rainbow-
Migration Snake River Weiser River . .s�ead Hatchen!: Plants 

Period fall chinook spring chinook albsourees Chinook Coho 

1962 529,000 122,000 
( 1 61) ('60) 

1963 390,000 34,000 22,000 
(1 62) (' 61) 

1964 1,000 175,000 92,500 
('63) (1 63) . ('62) 

Peaks of migrations from the Snake River system have occurred in 
mid-May for all species. A second movement of chinook, falling within the 
general size range of spring-run progeny, has been observed in late June and 
early July. The origin of this run has not been fully established. Of interest 
here is the fact that catches during this late period have included marked fish 
from Eagle Creek. These fish apparently migrated up the reservoir, entered 
& ascended the Snake River, and were captured as they returned downstream. 

Daily peaks of migration have occurred from 7:00 to 11:00 a. m. and 
from 3:00 to 7:00 p. m. Lowest catches were made from 10:00 p. m. to 4:00 a. m. 
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Fall-run chinook salmon progeny migrate downstream in the Snake River 
as 0-age fish, and the spring-run progeny move out primarily as yearlings 
(age-group I). Rainbow-steelhead are comprised of five age groups. 

Lengths of 0-age �hinook have ranged from 30 to 103 mm. , whereas 
the yearlings have ranged from 106 to 142 mm. In late April 1964, the size 
ranges of natural spring-run salmon progeny merged with the size ranges of 
the planted fall-run chinook salmon. Rainbow-steelhead have fallen within a 
range of 90 to 480 mm. 

Average collection efficiency of the floating fingerling traps in 1963 was 
11. 5 percent for fish over 103 mm. and 8. 1 percent for fish under this size. 
In 1964, efficiencies averaged 15. 7 percent and 7. 9 percent respectively for 
the large and small size groups. 

Eagle Creek 

Migrations from Eagle Creek of the Powder River system have consist
ed of spring-run chinook salmon and rainbow-steelhead trout progeny. 

Progeny of chinook salmon begin migration out of Eagle Creek with the 
first increase in runoff during the fall. This run is comprised of 0-age fish 
(55 to 120 mm. fork length) and continues until freezeup in early winter. 
Peak migrations have occurred in October and November. A second, smaller 
migration begins during warmup in late winter or early spring and continues 
until June. Fish in this migration are nearly all age-group I (70 to 135 mm. 
fork length). 

Rainbow-steelhead trout migrate out of Eagle Creek in the spring. 
Peak catches of migrants have occurred in May, but high water levels during 
the spring have handicapped trapping efforts, making it difficult to fully assess 
the extent of this migration. Five age groups are indicated and lengths range 
from 70 to 283 mm. 

The following estimates of recruitment from Eagle Creek (brood 
years in parentheses) were obtained during the 1962-63 and 1963-64 runs: 
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Migration • 

. period 

1962 fall 

1963 spring 

Total: 

1963 fall 

1964 spring 
Total: 

Chinook 

117,000 

16,500 

133,500 ( 1 61) 

24, 000 1/ 

7, 000 '.?:../ 

31,000 ( 1 62) 

1/ Includes 3,000 0-age fish taken in spring of 1963. 

2/ Estimate to May 17, 1964. 

Rainbow

steelhead 

22,000 

2,800 

The efficiency of the louver trap in the 1962-63 period was 10. 2 
percent, with selectivity toward larger fish. In 1963-64, the efficiency of 
the louver facility was improved. Average efficiency was 55. 2 percent 
(range, 37-65 percent), and there was no evidence of selectivity on the basis 
of fish size. 
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SUMMARY 

Studies of the distribution and movement of young salmonids in Brownlee 
Reservoir, in relation to the environment, commenced in the spring of 1962 and 
have continued to the present date. 

Sampling activities included the use of Lake Merwin-type floating traps; 
purse seines; surface, mid-water, and bottom trawls; gill nets; and fyke 
nets. Additional catch information was provided by recruitment studies in the 
Snake River and Eagle Creek, supplemented by data from the skimmer facili
ties operated by the Idaho Power Company. Information on the timing of the 
1962 Snake River recruitment was provided by the Idaho Department of Fish 
and Game. Records of bypass catches and marking in Eagle Creek were sup
plied by the Oregon Game Commission. 

Key stocks under study include progeny of chinook salmon runs in the 
Snake River, Eagle Creek, and the Weiser River. Movement of these juve
niles through the reservoir can be projected by examining peaks of abundance 
at time of entry into the reservoir and at time of exit at the skimmer facilities 
(lower end of the reservoir). 

Individual sub-populations were distinguished by size differences, fin 
clips, and jaw & thread tags. The latter marks provided precise information 
on migration rates and distribution. Length frequencies of the respective sub
populations usually provided an accurate means of identifying the various stocks 
in the reservoir, but during certain times of the year there was an overlap of 
length frequency distributions of the various stocks. When this occurred, an 
arbitrary apportionment was made of numbers captured from each stock. This 
was based on the distribution of fin-clipped fish within the respective size ranges 
of each group. 

Studies of the sea-going rainbow (steelhead) trout were complicated 
by the presence of both native and hatchery stocks of resident trout. The en
tire group was treated under the category of rainbow-steelhead, and only a 
limited assessment of their movements was made. 

Longitudinal and vertical distributions of fish in the reservoir were re
lated to various environmental factors, especially temperature and oxygen. The 
extent of reservoir drawdown and timing of the fillup period were also criti
cally examined for their effects of fish passage. 

The following summarizes our records of the principal salmonid stocks 
entering Brownlee Reservoir and their eventual progression through the re
servoir as related to environmental conditions: 
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Weiser River Spring-run Chinook Progeny 

This stock enters the reservoir at age group I from the first week of 
April until the second week of June. A second group, falling within the general 
size category of Weiser River migrants, has been observed from the third week 
of June until the fourth week of July. The origin of this migration is subject 
to question, however, because of the presence of fin-clipped fish from other 
stocks, namely Eagle Creek. 

The initial migration peaks in the Snake River around the first or se
cond week in May and is observed shortly thereafter at the upper end of the 
reservoir. Migrants from the Weiser River have been definitely identified 
(fin clips) at the skimmer facility (lower reservoir) from the last of April 
until the first of July, with peaks during the third and fourth weeks of May. 
This indicates an approximate elapsed time of 2 weeks between peaks of entry 
and peaks at the skimmer. 

Arrivals at the skimmer net constituted approximately 10 percent of 
the Snake River sample catch in 1962 and 2. 3 percent of the estimated recruit
ment in 1963, indicating a higher success of migration in 1962 than in 1963. 
Of significance here is the fact that there was a substantial drawdown (45 feet) 
in 1962 and fillup was gradual and not completed until early June. Drawdown 
in 1963 was nominal (21 feet), and fillup was rapidly completed in mid-April. 
A sharp contrast between the temperatures of river and reservoir water in the 
spring of 1963 may also have affected the movement of fish from the upper re
servoir. 

Residualism among Weiser River progeny is apparently rare in the 
reservoir. Only one marked fish of this stock has been recovered in the year 
following entry. This fish was tagged in June .1962 at the upper reservoir and 
was recovered in May 1963 some 13 miles down the reservoir. 

Eagle Creek Spring-run Chinook Progeny 

These fish initially enter the reservoir (Powder River arm) as 0-age 
migrants in the fall, generally with the first substantial runoff in October or 
November. This run continues until freezeup in December and appears to be 
the main outmigration from this stream. Fish from the fall migration first 
appear at the skimmer in mid-January and are in evidence until the first week 
of July. 

A second, smaller outmigration, comprised primarily of age-group-I 
fish, commences in early February·and continues until late June. These fish 
make their initial appearance at the skimmer in late March and are in evidence 
until the last of June. 

Fall recruits appear to remain at the head of Powder River arm for 
several months before commencing migration out of the arm. Migration times 
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from entry in the reservoir to recovery at the skimmer ranged from 60 to 138 
days. By contrast, · the spring recruits take considerably less time. Tag re
coveries from· this group indicate migration times of from 11 to 52 days. 

Skimmer catches in 1962 and 1963 indicated two peaks of Eagle Creek 
progeny--one from mid- to late March and a second in mid-May. In 1964 there 
was a peak in late January and a second, smaller peak in late March. Substan
tial sections of the skimmer �et were removed in late February 1964. 

There was no evidence of Eagle Creek progeny in the reservoir after 
the first week of July. However, a maximum period of residence lasting al
most 9 months is indicated. For the most part, this stock is in the reservoir 
during favorable temperature and oxygen conditions. 

In 1963, a number of marked Eagle Creek fish were recovered at the 
head of Brownlee Reservoir, and some were even recovered in the Snake River 
about 3. 5 miles above the reservoir. This obvious upreservoir movement is 
believed to be related to the drawdown and filling schedules previously noted. 
In 1962 and 1964, when drawdown was substantial and when fillup was not 
completed until early June, Eagle Creek progeny were not found in upper 
Brownlee Reservoir. 

A maximum of 7. 7 percent of the recruitment from Eagle Creek was 
taken at the skimmer. This is based on 9, 235 fin clips at Eagle Creek bypass 
traps (October 1961) and recovery of 710 of these marks at the skimmer in 
1962. 

Snake River Fall-run Chinook Progeny 

Fish of this population enter the reservoir as 0-age migrants, making 
their initial appearance in mid- and late April. Peaks have been noted in the 
river a short distance above the reservoir in the second and third weeks of 
May. Fish of this stock have appeared at the skimmer from early May until 
mid-July. In 1962, peak numbers arrived from mid- to late May, but in 1963, 
peak catches did not occur until late June and early July. Thus, again there 
is evidence that early fill up of the reservoir in 1963 may have seriously 
hampered migration. Sharp differences between the temperature of the river 
and the reservoir (river water colder) also may have delayed the fish. Peaks 
at the skimmer in 1962 occurred 1 to 2 weeks after peaks in the river, whereas 
in 1963 the peak at the skimmer did not show until 7 weeks after the peak in 
the river. 

Progeny of the Snake River fall run were the only salmon migrants 
found in substantial numbers in Brownlee Reservoir after termination of the 
skimmer operation in early July. These fish again appeared at the skimmer 
as age group I early in January of the following year and continued their out
migration until June. The peak of this second-year movement occurred from 
late January through February. These fish ranged in size from 160 to 240 mm. 
and appeared in excellent condition. 
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Catches of Snake River fall-run progeny at the skimmer generally 
amou_nted to only a minute fraction (1 percent) of the estimated recruitment. 
For example, recru17·tment of the 1961 brood has been calculated at 529, 000 
fish of which 1, 6451 were reported at the skimmer in 1962. In the following 
year, 4,381 fish of the 1 61 brood were taken. Thus, the catch in the 2 years 
amounted to 6, 026 fish or 1. 1 percent of the estimated recruitment. 

Gill net catches during mid- and late summer indicated that juveniles 
from the Snake River were restricted to a relatively narrow longitudinal band 
(O to 70 feet depth) along the axis of the reservoir. During this peri.od, only 
the epilimnal waters had sufficient oxygen (over 4 p. p. m. ), but temperatures 
on the surface often exceeded 70° F. Growth during this period appeared to 
be retarded, but despite the rather severe environmental limitations, some 
fish obviously found a suitable niche in the reservoir and were in excellent 
condition by the time reservoir conditions improved in the fall. 

Rainbow-steelhead Trout 

These fish, both sea-migrants and resident (or hatchery) stocks; 
enter· the reservoir in the spring, principally from the Snake River, its 
tributaries, and Eagle Creek. Relatively few appeared at the skimmer (less 
than one-tenth of the total skimmer catch) during the 1962-64 period. In ·1962, 
rainbow-steelhead (1,460 fish) were taken at the skimmer from March through 
July, being most numerous in May. Catches at the skimmer in 1963 (1,200 
fish) occurred from January through July, again peaking in May but showing 
a secondary peak in February. 

Since it has not been possibl� to accurately separate native resident 
rainbows from their sea-going cousins, assessment of the total number of 
steelhead entering the reservoir was not attempted. Considering the number 
of adult migrant steelhead passed at Oxbow (1, 000 to 2, 000 fish) in recent 
years, it would appear from the catches of outgoing juveniles at the skimmer, 
that this species is definitely in jeopardy unless far greater numbers actually 
pass through the turbines and spill. 

Tagging studies in upper Brownlee Reservoir in the spring of 1962 
showed that most rainbow-steelhead were heading toward the dam, but few 
actually reached the skimmer. Of 406 fish tagged, 27 (6. 3 percent) were re
covered and only 5 of these fish were taken at the skimmer. Four of these re
coveries at the skimmer were made in the following winter and spring, whereas 
the fifth fish was recovered approximately 1 month after release in the upper 
reservoir. 

1/ Graban, James R. Evaluation of Fish Facilities, Brownlee and Oxbow 
Dams. May 1964. 
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Hatchery Plants (Chinook and Coho}, 1964 

Limited analysis of the movements of these fish suggests that they 
achieved a fairly rapid passage through the reservoir. Some fish passed 
completely through the reservoir in about 1 week. Reservoir levels ranged 
from minus 42 to minus 88 feet during the spring migration period. The low 
reservoir level--coupled with a relatively high inflow and substantial spills
undoubtedly created conditions highly favorable for passage. 
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IN TERPRE TA TION 

1. Progeny of spring chinook runs from Eagle Creek and the Weiser River 
appear to have been far more successful in reaching the skimmer facility 
than progeny from the Snake River fall run. 

2. The extent of reservoir drawdown and the timing of the fillup period may well 
be key factors relating to the success of juvenile migrations through the 
reservoir. A drawdown of 40 feet or more coupled with a late fillup (June) 
has produced the more favorable conditions for passage. 

3. Other factors relating to success of passage are the age & size of migrants 
and timing of the migration periods of the respective contributing stocks. 
Large migrants appear to fare better than the small ones, and early arrivals 
(January-May) at the lower end of the reservoir achieve a more successful 
passage than the late arrivals (June-July). 

4. Catches at the skimmer net have provided a basis for assessing arrival 
time of the various populations at the lower end of the reservoir, and to some 
degree, they have given indication of the success of passage. Since the 
skimmer was essentially a surface collector, catches during June and July--
when surface water temperatures are rising--may not accurately reflect 
trends of abundance at the lower end of the reservoir. In any event, the re
cord has shown that the skimmer catches constitute only a small part of the 
total recruitment. Accurate assessment of success of fish passage must 
include not only the catches at the skimmer but the escapement through the 
turbines and spill at Brownlee Dam. 
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INTRODUCTION 

An assessment of the escapement of juvenile salmonids 
from Brownlee Reservoir is essential to a comprehensive evaluation 
of the effect of the reservoir on the passage of salmon and 
steelhead stocks. To provide this assessment, an investigation 
of the escapement was begun in July 1963. The objectives of this 
study were to define in terms of size, time, and success, the 
escapement of juvenile salmonids from Brownlee Reservoir according 
to brood stock. 

Prior to this study, the Idaho Department of Fish and 
Game carried out a number of experiments below Brownlee Dam in 
relation to juvenile fish passage and evaluation of fish 
facilities in this area. These studies began in July 1957 and 
continued intermittently through Julv 1963. Work by Bell (1959, 
1960, & 1961) and Graban (1964)have provided valuable background 
information for the current investigation. 

Brownlee Dam is a high head structure whose primary 
function is power production. It has a crest width of 1,320 feet 
and creates approximately 277 feet of hydraulic head at full 
reservoir. The powerhouse, located on the Idaho side, contains 
four Francis-type turbines. A single spillway is located on the 
Oregon side. A barrier net and skimmer units for the capture of 
downstream migrants were positioned about 1 mile upstream of the 
dam. A major portion of this facility was removed in the spring 
of 1964. 

Below the powerhouse (fig. 1) the turbine tailrace 
extends approximately 600 feet to the old river channel. It is 
about 250 feet wide and varies in depth from 17 to 22 feet, 
depending upon the level of the Oxbow Reservoir. 

The Brownlee Interstate Bridge is located approximately 
2,000 feet downstream from the dam. At this point, the river is 
about 525 feet wide and has an average depth of 12 feet at mid
channel. Water levels at the bridge are subject to some 
fluctuation, depending on operations at Oxbow Dam. 

METHODS AND EQUIPMENT 

The objectives of this study required the sampling and 
enumeration of juvenile salmonids at some site below the dam. 
Preliminary investigation of the vertical distribution of 
salmonid smelts in the turbine tailrace indicated that turbine 
escapement could be adequately sampled by surface fishing scoop 



Figure 1.--Area below Brownlee Darn showing turbine 
tailrace (foreground) and Interstate Bridge. Note 

scoop traps below tower on right bank. Spillway 

(inoperative in this photo) discharge enters old 

river channel on extreme left. 
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traps. Since the turbines represent the only avenue of escape 
available to the fish during most of the year, a position 
approximately 500 feet below the powerhouse was selected as our 
primary sampling site. 

When the spillway was in operation, large counter eddies 
formed in the tailrace and made it impossible to operate the traps 
immediately below the powerhouse. A secondary sampling site was, 
therefore, established downstream at the Interstate Bridge. All 
traps were moved to this site during spilling periods. 

Scoop Traps 

Three scoop traps were used for sampling. These traps 
were obtained from the Idaho Department of Fish and Game in July 
1963. Each trap was 10 feet wide by 15 feet long and fished to 
a depth of 4 feet. A pontoon-type barge, 18 by 25 feet, supported 
the individual traps and winch equipment. 

The traps were positioned in close proximity along the 
right (Idaho) bqnk at the tailrace site (fig. 2) . At the 
Interstate Bridge, one trap was fished at the center of the 
channel and the other two were'approximately 100 feet from the 
right and left bank respectively. 

All traps were checked at 8 a.m. and 4 p.m. daily�during 
periods of normal operation. A noon and midnight check was added 
during periods of peak migration or when excessive amounts of 
debris required additional checks. At various times, 4- and 6-
hour check schedules were used during special studies. 

At each check, the trap was emptied of all fish and 
debris. All salmonids were identified, examined for marks or 
tags, and measured for fork and standard length. All live 
salmonids were anesthetized, processed, and released unless needed 
for special studies. Scale samples were taken from all dead and 
injured fish whenever possible. 

Distribution Net 

A special net capable of fishing at various depths was 
constructed to investigate the vertical distribution of the 
juvenile salmonids at the two sampling sites. This distribution 
net was 10 feet wide by 5 feet deep at the mouth, 31 feet long, 
and tapered to a 1.5-foot-square cod end. 
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Figure 2.--Scoop traps in operation at tailrace 

sampling site. 
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The net was fished intermittently at both sampling sites. 
A rotating schedule was used to insure a uniform fishing effort at 
the various depths throughout the sampling period. 

Trap Efficiency Tests 

A mark and recapture program was used to evaluate the 
efficiency of the scoop traps at the two sampling sites. Most of 
the fish used in these efficiency tests were hatchery reared 
chinook (0-age) and coho (1-year) salmon. Less than 200 of the 
test fish were native yearling chinook. 

Efficiency tests of traps at the Interstate Bridge 
required the release of fish into the turbine penstocks as well 
as directly into the spill. Tests at the tailrace site required 
only penstock releases. Test fish were marked by partial fin-clip 
or by tattoo. 

Identification of Stocks 

Length frequency distributions in combination with tag 
and fin-clip recovery information have been used to separate the 
various stocks of juvenile salmon present in the escapement. 
Hatchery reared chinook, planted in the Snake River above the 
reservoir in the spring of 1964, were not marked. Separation of 
this group from other native stocks was not possible during the 
latter part of the spring because of an overlap of length 
frequency distributions. However, scale analysis may provide an 
eventual basis for identification of these hatchery fish. Coho 
salmon were also planted in the Snake River above the reservoir. 
These were readily identified since there were no natural stocks 
of coho in the system. 

Escapement Estimates 

Numerical estimates of salmonid escapement (January 1, 
1963 to June 30, 1964) from the reservoir were based upon scoop 
trap catches and related trap efficiency tests. Totals for the 
period January 1 to June 30, 1963, include catches by the Brownlee 
skimmer units (left intact for sampling purposes after removal of 
barrier net) and prorated estimates of the escapement based on 
scoop trap catches by the Idaho Department of Fish and Game. 
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Estimates of escapement during periods of fishing at the 
Interstate Bridge have been computed with Chapman and Bailey's 
general formula: N = c (M + 1} 

where 

(R + 1) 

N = estimated population 
c = catch or sample 
M = number of marked fish 
R = number of recaptures 

In using this formula, it was assumed that marked and unmarked 
fish were randomly distributed at the sampling site and that no 
marks were lost between the release point and the traps. 

During turbine tailrace sampling, the escapement estimates 
were based upon the percent of recaptures of marked fish released 
through the various turbines. Recovery percentages were determined 
for two time periods (8 a.m. to 4 p.m. and 4 p.m. to 8 a.m.) in 
accordance with turbine operating combinations (number of turbines 
and discharge). These values were then applied to the respective 
day-night scoop trap catches to provide the estimate of escapement 
for periods in which the discharge from Brownlee Reservoir was 
solely through the turbines. 

RESULTS 

Horizontal and Vertical Distribution 

Individual scoop trap catches at the Interstate Bridge 
site are presented in table 1. The 883 salmon (chinook and coho) 
represent the fish taken during periods when all three traps were 
in operation. The distribution of fish in the center of the 
channel and on the Idaho side appeared to be relatively uniform. 
The somewhat smaller percentage of fish taken by trap 3 (Oregon 
side) was expected because lower water velocities in that area 
undoubtedly resulted in a lowered trap efficiency. 

Table 1.--Distribution of juvenile salmon at the Interstate Bridge 
site based on scoop trap catches. 

Trap location 
Idaho side 
Center channel 
Oregon side 
Totals 

Trap number 
2 
1 
3 

Catch.!/ 

385 
317 
181 
883 

.!/ catch includes both chinook and coho salmon. 
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Percent 
43.6 
35.9 

· 20. 5 
100.0 
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Catches in the distribution net during the period of 
spillway operation (table 2) show the vertical distribution of 
fish at the bridge site to be very uniform. With an average 
channel depth of approximately 12 feet, 253 salmonids were taken 
from the upper 5 to 6 feet while 247 fish were taken below that 
depth. 

A very different distribution was inherent at the 
tailrace site (tables 3 and 4). Approximately 61 percent of 1,795 
salmon (chinook and coho) taken by the scoop traps at this site 
were taken by trap 1, fishing within 5 feet of the Idaho bank. 
Traps 2 and 3 took approximately 26 and 13 percent respectively. 

With reference to the vertical distribution of fish in 
the tailrace area, 97 percent of the fish taken by the distribution 
net were taken from the top 6 feet of the water mass. 

Table 2.--vertical distribution of salmon fingerlings at the 
Interstate Bridge sampling site as determined by distribution 
net catches, April 19 through May 25, 1964. 

Rainbow-
Dates Location Coho Chinook steelhead 
fished fished Surface Bottom Surface Bottom Surface Bottom 
April 19- Oregon 0 0 38 44 4 12 
May 7 side 

May 8- Idaho 64 54 113 108 34 29 
May 25 side 
Totals: 64 54 151 152 38 41 

Table 3. --Distribution of juvenile salmon at the tailrace 
sampling site based on scoop trap catches. 

Trae number Catch!/ Percent 

1 1,092 60. 8 
2 474 26.4 
3 229 12.8 

Totals: 1, 795 100. 0 

!/ Catch includes both chinook and coho salmon. 
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Table 4 . --vertical distribution of salmon fingerlings (chinook 
and coho } at the tailrace sampling site based on distribution 
net catches , 196 3-1954 . 

Date Catch by depth Total 
Surface Middle Bottom catch 

Number Percent Number Percent Number Percent 
1963 

Aug . 12 
to 75 92 . 0  3 4 . 0  3 4 . 0  81 

Dec . 16 
1964 

June 4 
to 408 98 . 0 6 1 . 5  4 0 . 5  418 

June 9 

Total : 48 3 96 0 8  9 1 0 8  7 1 . 4  499 

Scoop Trap Efficiency Tests 

From April 24 through June 30 , 1964 , 3 , 165 marked fish 
were released into the spillway and penstocks to determine the 
efficiency of the scoop t;-aps at the Interstate Bridge site 
(table 5 ) . Thirty fish ( 1  percent) were recovered at the bridge . 
The recovery rate for fish released into the penstocks was 
slightly higher than for those released into the spillway , 
although the difference was not statistically significant. 
Spillway discharge during the tests ranged from 14 , 600 to 42 , 000  
c . f . s . and turbine discharge from 12 , 000 to 15 , 000 c . f . s .  

The scoop traps proved much more efficient at the tailrace 
site . From July 3 through 18 , 1964 , 5 , 500 marked fish were 
released into the various penstocks . Recoveries from the various 
releases are presented in tables 6 and 7 .  Recovery rates for 
daylight tests (8 a . m . to 4 p . m . ) ranged from 1 . 4  to 7 . 0  percent 
and averaged 3 . 8 percent overall . Recovery rates during night 
tests (4 p . m .  through 8 a . rn . ) were much higher , ranging from 5 . 8 
to 17 . 5  percent and averaging 11 . 3  percent .  The difference in 
recovery rates of day and night tests is most probably the result 
of more fish avoiding the trap during the daytime . Total turbine 
discharge during the tests ranged from 2 , 980 to 21 , 980 c . f . s .  
Individual turbine discharge ranged from 2 , 475 to 5 , 650 c . f . s. 
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Table 5 . --Scoop trap e f f ic iency te sts  at  the Inter state Br idge 0 

Apr i l  24  through June 3 0 u 1 964 . 
� 

Number Where Average Number Percent 
Date released released  spill  ( cfs ) recovered  recovered 

Apr il  24  101  Spi l lway 6 , 24 7  l 0 . 99 
2 5  1 00 Spil lway 6 , 5 3 0  1 1 . 00 
2 6 1 0 3  Spi l lway 9 , 83 8  1 0 . 9 7 
2 7  95  Spi l lway 14 0 312  0 o . oo 

2 8 100  Spil lway 16 , 1 78 0 0 . 00 
2 9  1 0 0  Sp illway 15 , 96 8  1 1 . 00 

May 7 1 06 Spi l lway 19 , 348 4 3 . 7 7 
7 89 Turbine · 1 9 , 348 4 4 . 49 
8 100  Sp il lway 2 2 0 6 7 8  0 0 . 00 
8 1 0 0  Turbine 22 , 678  1 1 . 00 

15  1 0 0  Turbine 18 , 000  0 o . oo 

16  100  Turbine 1 8 , 000  2 2 . 00 
2 0  1 02 Spil lway 2 0 , 432  1 1 . 98 
2 0  100  Turbine 2 0 , 432  0 0 . 00 
2 1  116  Turbine 19 , 474 2 1 . 72 
2 7  106  Turbine 0 1 0 . 94 

June 1 1  7 9  Spi l lway 11 , 719  l 1 . 2 7 
14 1 7 9  Spi l lway 2 5 , 000  l 0 . 5 6 
1 5  189  Spi l lway 2 6 , 0 31  2 1 . 06 
16  2 00 Spil lway 2 8 , 076  2 1 . 00 
16  2 00  Turbine 2 8 , 076  1 0 . 05 
1 7  1 0 0  Turbine 34 0 547  1 1 . 00 
1 8  100  Turbine 38 , 865  0 o . oo 

1 9  100  Turbine 4 0 , 1 1 5  1 1 . 00 
2 3  100  Spi l lway 42 , 000  0 o . oo 

24  100  Spi l lway 40 , 1 6 7  1 1 . 00 
2 5  1 00 Spil lway 3 3 , 924  1 1 . 00 

111!!11! 
3 0  100  Spi l lway 6 , 000  0 0 . 00 

Total s :  3165 30  0 . 9 5 
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TABLE 6., �- Tailrace Scoop Trap Efficiency Tests, 8 a. m .  through 4 p. m . , July 3 to 8, 1 964 

Turbine Tested 
Test Date 1 2 3 4 Turbines in Turbine 

Number (JL{ly) ; ;  Released Recovery - -·Released Recovery Released .Recovery Released Recovery Operation Discharge 

1 3 100 1 100 4 1 ,  2, 3 & 4 2 1 ,  825 

2 3 100 1 100 6 1 ,  2 ,  3 & 4 21 , 600 

5 4 100 4 1 00 1 0  1 ,  2, 3 & 4  15, 490 

6 4 100 0 100 7 1 ,  2 ,  3 & 4 15, 810  

8 5 100 3 1 00 2 1 ,  3, & 4  1 3, 390 

9 5 100 0 100 1 1 ,  3, & 4  14, 1 00 

"-..J 10 5 1 00 1 1 00 1 1 ,  3 ,  & 4  1 3, 235 

12 7 1 00 4 1 00 1 1  1 ,  2, 3 & 4 1 3, 680 

13  7 1 00 5 100 5 1 ,  2, 3 & 4  1 5, 645 

14 7 1 00 7 100 3 1 ,  2, 3 & 4 14, 730 

15  8 1 00 0 100 9 1 ,  2 ,  3 & 4 1 8, 930 

Totals: 700 10 400 16 400 28 700 3 1  

Per cent: 1 . 4  4 . 0 7 . 0 4 . 4 
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TABLE 7. - - Tailrace Efficiency Tests, 4 p. m .  through 8 . a . m . , July 3 to18, 1964 

Turbine Tested 

Date 1 2 3 4 Turbines in Turbine 

Number {July) Released Recovery Released Recovery Released Recovery Released Recovery Operation Discharge 

3 3 100 0 100 10  1 ,  2, 3 & 4 20, 375 

4 4 100 1 100 8 1 ,  2, 3 & 4 1 3, 330 

7 4 100 4 100 9 1 ,  3, & 4  12, 325 

1 1  7 100 7 1 ,  2, 3 & 4 12,  845 

16 1 1  100 10  100 12 100 3 1 ,  2, & 3 9, 460 

17 1 1  100 1 1  100 15  100 0 1 ,  3, & 4  9, 305 

18  12  100 1 6 1 00 1 8  1 & 3 8, 050 

...J 19 12 100 22 100 1 2  1 ,  2 & 3 10, 380 

20 14 100 10  100 5 1 ,  2 & 3 10, 620 

21 15 100 6 1 2 , 980 

22 15 100 0 1 00 12  100 15  1 ,  3 & 4 12, 120 

23 15 100 1 2  100 16 3 & 4 7, 555 

24 16 1 00 23 100 39 100 27 2 ,  3 & 4 1 1 , 975 

25 17 100 0 100 1 2  1 ,  2, 3 & 4 10, 700 

26 1 8  100 1 3  100 20 100 1 1 ,  2 ,  3 & 4 14, 425 

Totals: 1 000 58 400 70 1 1 00 160 800 86 

Per cent: 5 . 8 17 . 5 14 . 5 10 . 8 



Sample Catches 

Scoop trap catches below Brownlee Dam from August 1 ,  
1963, through June 30 , 1964 , are given in table 8 .  An additional 
421 chinook , 140 cohos , and 94 trout were taken by the 
distribution net . The largest catches of chinook salmon were made 
during April , May , and June 1964 . Approximately 64 percent of the 
total chinook catch was made during this period . Rainbow-steelhead 
catches peaked in April and May when 270 fish , representing 36 
percent of the total catch , were taken by the scoop traps and 
distribution net. The first coho fingerling was taken on May 16 , 
1964 . Peak coho catches were made during the latter part of May 
and early June . All reported catches are exclusive of special 
sampling to assess trap efficiency . 

Approximately 62 percent of all j uvenile chinook 
collected by the scoop traps were dead when removed from the trap . 
Coho and rainbow-steelhead mortality rates were 53. 5  and 66.4 
percent respectively . Most of these mortalities can be 
attributed to debris and turbulence in the trap holding pen . 
During recent trap efficiency tests, marked fish were run through 
the turbines and the traps checked 15 minutes later . Virtually 
all of the fish recaptured were alive and in excellent condition . 

Length Distribution 

Fork-length measurements were made on 3 , 408 chinook 
salmon, 555 coho salmon , and 335 rainbow-steelhead. 

The chinooks ranged in size from 45 to 256 millimeters 
(table 9 ) . Two major size groups were evident . The larger size 
group , or holdover fall-run progeny ,  constituted the greatest 
portion of the catch until April 1964 . After that time , the 
smaller size group , or spring-run chinook progeny and hatchery 
plants , were dominant . 

Rainbow-steelhead ranged from 45 to 340 millimeters 
(table 10) . The larger fish (250 mm . �r more } probably represent 
resident or residual trout . 

Coho salmon of hatchery origin ranged from 75 to 170 
millimeters (table 11) . 

Escapement 

The estimated escapement from the reservoir during 
1963-64 is presented in table 12 . Comparisons of escapement 
(including Brownlee skimmer catches )  and recruitment are given 
in table 13. 
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TABLE. 8 • .  - - Scoop Trap Catches Below Brownlee Dam, August 1, 1 963  to June 30, 1 964 

Chinook Rainbow-Steelhead Coho 

Alive · Dead Total % Dead � Alive Dead Total % Dead Alive Dead Total_ % Dead 

August . 1 963 40 42 82 5 1 . 2 2 1 1  1 3  84 . 6  - - -

September 1 963 1 15  1 6 93 . 9  1 0 1 o. o 

October 1 963  2 6 8 75 . 0 1 0 1 o . o 

November 1 963 13  36 49 73 . 5 1 0 1 0.-0 

December 1 963 47 54 101 5 3 . 4 

January 1 964 1 9  228 247 92 . 3  0 14 14 100. 0 

February 1 964 1 1  260 271 96 . 6 0 1 1  1 1  100 . 0 

March 1 964 2 1 5  155 370 41 . 9 1 1  1 9  30 6 3 . 4 

April 1 964 379 506 885 57 . 2 57 49 106 46 . 3  

May 1 964 1 36 374 5 1 0  73. 4 1 8  61 79 77. 2 128  91 2 1 9  41 . 5  

June 1 964 333 278 6 1 1  77. 2 2 1  56 77 72 . 7 107 179  286 62 . 6  

Totals: 1, 1 96 1, 954 3, 150 6 2 . 0 1 1 2  2 2 1  333 66 . 4  2 35 2 70 505 53 . 5 
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Table 9. - - Fork-length distribution of 3 , 408 chinook salmon collected below Brownlee Dam, 
August 1, 1963 through June 30, 1964. 

Length 1963 1964 
(mm. ) Aug . Sept. Oct . Nov. Dec . Jan .  Feb. Mar. Apr . May June 

40 
45 1 

- 50 1 
55 19 
60 3 1  
65 98 1 
70 1 102 8 
75 104 2 1  
80 2 74 32 
85 2 68 44 1 
90 1 1 4 6 56 43 1 
95 1 5 2 15 55 55 12 

100 2 1 10 29 51 76 20 
105 4 6 8 32 45 62 58 
1 10 7 3 12 15 so 65 131 
1 15 14 5 9 13 28 58 1 58 
120 2 3 6 10 12 66 1 1 1  
125 1 3 3 4 7 7 89 52 
130 1 1 1 4 1 1  86 16 

- 135 4 1 4 37 1 
140 15 1 14 4 
145 42 2 4 2 

- 1 50 36 8 2 1 
1 55 13 4 2 
160 8 3 1 2 1 3 
165 3 2 3 3 1 1 3 2 
1 70 1 1 2 1 3 4 3 
175 1 1 3  2 2 0 4 3 
180 1 13  7 5 6 4 6 1 

- 185 2 1  22 12 4 7 7 1 
190 12  14  23  2 1  15 6 2 
195 1 2 13  43 26 17 9 2 
200 7 48 55 34 10 1 
205 1 41  47  45 24 
2 10 1 13 25 49 25 
215 7 8 29 16 2 
220 2 13 6 1 
225 3 4 
230 1 
235 
240 
245 
250 
255 
Totals: 124 20 9 70 108 2 19 262 360 934 762 568 

-
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Table 10. - - Fork-length distribution of 335 rainbow-steelhead trout collected below Brownlee Dam, 

""' August 1 ,  1 963 through June 30, 1964. 

Length 1963 1964 

(mm. )  Aug. . Sept. Oc;t. Nov Dec . Jan. Feb . Mar. Apr. May June 
.� 

100 1 
105 1 
1 10 2 
1 15 1 2 
120 1 

125 2 2 
130 3 2 
135 7 3 
140 5 5 
145 4 5 
1 50 6 5 1 

1 55 1 6 9 

r-.i , 160 1 6 8 
165 1 7 13 
1 70 5 10 

1 75 6 14 3 
illl!I 180 1 1 2 1 1  2 

1 85 7 2 

190 3 5 

Ila!! 195 3 7 
200 1 3 7 2 

205 1 2 

2 10 2 4 1 
1 2 2 2 15  

220 1 3 1 
225 1 1 2 
230 1 1 6 
235 1 3 

240 2 1 1 2 

245 1 
250 2 1 

255 1 1 
260 2 
265 2 
270 1 1 

275 a 

280 
285 1 1 1 1 1 
290 1 1 2 2 1 
295 1 4 3 1 1 
300 1 2 2 5 7 3 
305 2 2 2 7 2 1 
3 10 1 4 1 
3 15 2 2 2 3 
320 1 1 
325 2 3 

- 330 2 1 1 
335 1 
340 1 
Totals: 10 1 1 2 0 14 1 1  30 106 154 16 
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Table 10. -- Fork-length distribution of 335 rainbow-steelhead trout collected below Brownlee Dam, 

August 1 ,  1963 through June 30, 1964. 

Length 1963 1964 

(mm. )  Aug. S ept. Oc;t. Nov. Dec. J an. Feb. Mar, Apr. May June 

100 1 

105 1 

1 10 2 
1"!, 

1 15 1 2 

1 20 1 

125 2 2 

130 3 2 

135 7 3 

140 5 5 

145 4 5 

1 50 6 5 1 

1 55 1 6 9 

160 1 6 8 

165 1 7 13  

1 70 5 10 

1 75 6 14 3 

1 80 1 1 2 1 1  2 

1 85 7 2 

190 3 5 

195 3 7 

200 1 3 7 2 

205 1 2 

2 10 2 4 1 

2 1 5  1 2 2 

220 1 3 1 

225 1 1 2 

230 1 1 6 

235 1 3 

240 2 1 1 2 

245 1 

250 2 1 

255 1 1 

260 2 

265 2 

2 70 1 1 

2 75 a 

280 

285 1 1 1 1 1 

290 1 1 2 2 1 

295 1 4 3 1 1 

300 1 2 2 5 7 3 

305 2 2 2 7 2 1 

3 10 1 4 1 

3 15 2 2 2 3 

320 1 1 

325 2 3 

330 2 1 1 

335 1 

340 1 

Totals: 10 1 1 2 0 14 1 1  30 106 1 54 16 
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Table 11 . --Fork-length distribution of 555 coho salmon 
below Brownlee Dam, May 16 through June 30 , 

Fork-length 
in millimeters 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

Total : 

Mean Length : 

May 
16-31 

1 

: 1  
3 
8 

9 
8 

12 
28 
43 
69 
77  
37 
15 
5 
2 
2 

318 

124 

8d 

June 
1-15 

1 
4 
8 

18 
34 
30 
22 
16 
14 
12 
13 
17 
11 

5 
1 
1 

207 

128 

1964 . 
collected 

June 
16-30 

1 
0 
1 
1 
1 
6 
3 
1 
1 
1 
2 
3 
3 
6 

30 

146 
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Table 12 . --Estimated number of salmonids passing sampling sites 
below Brownlee Dam, January 1963 to June 1964 . 

Month 

Jan. 1963 
Feb . 1963 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar . 
Apr . 
May 
June 

1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1964 
1964 
1964 
1964 
1964 
1964 

Totals: 

1 62 Brood 
Snake R. 
Fall 

chinook 

2oc1( 
30 , 50� 

1, 1oob 
1, 800 

300 
200 
500 
800 

2, 700 
2, 500 
2, 800 
2 , 700 

700 

47 , 400 

' 62 Brood 
Eagle Cr. 

Spring 
chinook 

s o;  
450 
300 
750 

1 , 65 � , ; 
1 ooob . , 

-1 1 l , � � � 

6 , 000 

1 63 Brood 

Hatchery 
chinook 

18, 500 
53,800 
22, 700 

95 , 000 

0 62 Brood 

Hatchery 
€Oho� , 

22 , 400 
17, 200 

39, 600 

Rainbow
steelhead 

220 
10 
10 
10 

0 

100 
150 
350 

2 , 300 
10, 800 
7 , 600 

21 , 550 

.!/ An accurate separation of Eagle creek fish from hatchery 
plant chinook · during Apr il , May , and Jun� , 1964 was not 
possible due to an overlap in length frequency distributions . 
The numbers. presented here represent an approximation based 
upon the total number of Eagle Creek. fish available in the 
reservoir . 

£/ Based on Idaho Department of Fish and Game catches . 

Se 
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Table 13 . --Estimated escapement from Brownlee Reservoir (May 1963 
through June 1964) as related to recruitment .  

Brood Estimated Escapement
y 

Percent 
Stock year Spec.ies recruitment estimated 2 escapement 

Snake River 1962 Chinook 390 , 000 so, 13oY 12.8 

Hatchery 
plant 1963 Chinook 175, 000 95 , 000 54.0 

Eagle Creek 1962 Chinook 12, 2oo!I 6 , 000 49 . 2  

Hatchery 
plant 1962 Coho 92, 500 40, 000 43.0 

!/ Fish actually entering reservoir . 18 , 800 additional fish 
were collected in Eagle Creek and transported below 
Oxbow Dam and released. 

Y Includes fish taken at skimmer net . 

1962 Brood Snake River Fall-run Progeny. --A total of 
50, 130 fish from the Snake River fall chinook run of 1962 are 
estimated to have left the reservoir during 1963 and 1964. This 
represents approximately 13 percent of the total recruitment 
estimate . Of this total, an estimated 47 , 400 fish left the 
reservoir via the turbines or spillway. The remaining fish were 
taken at the Brownlee barrier rt'et and transported downstream. 
Peak migration occurred , in June 1963, but fair numbers of fish 
from this brood continued to appear in the scoop trap catches 
through the spring of 1964 . 

1962 Brood Eagle Creek Spring-run Progeny. --Escapement 
amounted to approximately 6 , 000 fish by June 30 , 1964 . This 
total represents approximately 50 percent of the number of fish 
estimated to have entered the reservoir . (Total recruitment 
from Eagle Creek was estimated at 31, 000 , of which approximately 
19, 000 were collected and transported for release below Oxbow 
Dam. ) Accurate separation of this stock from the hatchery plant 
of chinook was not possible during April , May , and June, 1964. 
The escapement estimates for these months were based upon 
migration curves from previous years , which were prorated in 

· accordance with the current recruitment and escapement estimates. 
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1962 Brood Coho (Hatchery Plants). --A total of 92, 500 
coho salmon were estimated to have entered the reservoir during 
April, May, and June of 1964 0 During May . and June 1964, an 
estimated 40, 000 fish (43 percent) passed the sampling sites 
below the · dam • 

1963 Brood Chinook (Hatchery Plants) . --The hatchery 
plant of chinook fingerlings passed through the reservoir with 
somewhat more success than the coho salmon. Fifty-four percent 
(95, 000) of the estimated 175, 000 fish entering the reservoir 
passed Brownlee Dam. 

Rainbow-steelhead. --No attempt has been made to 
differentiate the stocks of trout or to estimate the recruitment 
at this time. Approximately 22, 000 fish are estimated to have 
left the reservoir during 1963 and 1964. About one-third of 
these fish were considered to be resident rainbow trout. 

DISCUSSION 

Conditions for the passage of young salmonids through 
Brownlee Reservoir may have been more favorable in 1964 than in 
any previous period since construction of the dam·. The reservoir 
was at a low level throughout most of the spring migration 
period, and both before and after filling, there was an extended 
period of heavy spill. These factors resulted in an escapement of 
approximately 50 percent of all fish entering the reservoir in 
1964. Data for comparison of total escapements in previous years 
are limited . However , information on the recruitment and 
escapement of progeny from the 1962 Snake River fall run suggests 
that escapement success was considerably less in 1963 than in 
1964. Offspring of the above brood year entered the reservoir in 
the spring of 1963 and passed out of the reservoir both in 1963 
and 1964. Total escapement of this brood in 1963 (through 
December 31) was about 10 percent of the estimated recruitment, 
or only one-fifth the escapement of broods entering the reservoir 
in 1964. 

A comparison of the relative escapement success of 
various stocks of chinook salmo.n may be made by examining the 
Brownlee barrier net and scoop trap catches for the 1962-64 
period (table 14). These catches give indication of the 
proportions of the respective recruitments that have appeared in 
the escapement over the past 3-year period. Apparently the 
progeny of spring run stocks (Eagle creek and Weiser River) have 
been more successful in passing through the reservolr than those 
of the fall-run stock (Snake River). 

10 
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Estimated 
Recruitment 

9 235.!../ , 

2 5 13Y , 

529, 000 

1 1 7, 000 

34, 000 

390, 000 

3 1 , 000 

7, 000 

J ) J J I ) J ) J j 

TABLE 14. - - Recruitment Estimates of Individual Chinook Salmon Stocks and Respective Catches at the Brownlee Barrier 
Net and in Scoop Traps Below Brownlee Dam. 

Origin of Brood Barrier Net Catches ScooE Tra_E Catches Per cent Caught at Barrier 
Stock Year 1962 1 963 1 964 1963� 1964 

Eagle 1 960 no.!..! 
Creek 

Weiser 1 960 279Y 
River 

Snake 1 961  1 , 645 4, 381 947 
River 

Eagle 1 96 1  5, 893 191  
Creek 

/, 

Weiser 1 96 1  620 107 
River 

_Snake 1 962 2, 2 18 520 764 786 
River 

Eagle 1 962 - -� 

Creek 

Weiser 1 962 
River 

.!../ Numbers marked and recaptured only (Oregon Game Commission) . 

Y Numbers marked and recaptured only (Idaho Department of Fish and Game) .  

� Includes catches by Idaho Department of Fish and Game . 

y 

y 

'Io_t_al _ _  Net and Scoop Traps 

710 7 . 7 

279 10 . 3 

6, 973 1 .  3 

6, 084 5 . 2 

727 2 . 1 

4, 288 1 .  1 

Y These stocks were known to be present in the reservoir, but they were not distinguishable in the escapement. 

I J 
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Catches at the barrier net have usually amounted to only 
a small fraction of the total recruitment . The recent estimates 
of escapement below the dam indicate that far greater numbers 
passed the · dam than were taken at the skimmer net . In 1963 , for 
example, 2 , 218 chinook of the 1962 Snake River brood were collected 
at the skimmer facility and 36 , 000 were estimated in the escapement 
below Brownlee Dam . Since the barrier net was removed in 1964, a 
comparison of the escapement and skimmer catches would not be 
appropriate for this year . 

SUMMARY 

Assessments of the escapement of salmonids below Brownlee 
Dam were initiated by Bureau of Commercial Fisheries personnel on 
August 1, 1963, and have continued to the present date . Prior to 
the above period , the Idaho Department of Fish and Game carried 
out a number of experiments below Brownlee Dam in relation to 
juvenile fish passage and evaluation of fish facilities in this 
area. These studies began in July 1957 and continued · 

intermittently through July 1963 . 

Equipment used in the p�esent study included three scoop 
traps, formerly employed in the aforementioned investigations, and 
a special sampling net , which was used to assess vertical 
distribution of fingerlings at the sampling sites . Areas sampled 
included the tailrace immediately below the powerhouse at Brownlee 
Dam and the channel at the Interstate Bridge, which is about 2, 000 
feet below the dam. The latter site was used primarily during 
periods of spill . Sampling in the turbine tailrace was usually 
done when there was no spill , since an active spillway discharge 
created large counter eddies in the turbine tailrace area . 

The three scoop traps were positioned in �lose proximity 
along the right bank in the turbine tailrace . At the Interstate 
Bridge, they were located on the right and left banks , with one 
trap in the center of the channel . The traps were checked for 
fish at least two times a day , and during peak runs they were 
serviced four times a day . 

Special releases of marked fingerlings were made in the 
spillway and the turbine penstocks to determine the percentage 
of fish caught at the respective sampling sites . Hatchery fish 
(O-age chinook and yearling cohos) ' were used in these studies . 

Length frequency distributions combined with tag and 
fin-clip recovery information provided a basis for separation of 
the various stocks of juveniles present in the escapement . 

11 
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Hatchery-reared chinook , planted in the Snake River above 
Brownlee Reservoir in the spring of 1964 , were not marked. 
Consequently , separation of this group from other native stocks 
was not possible during the latter part of the spring because of 
an overlap in their length frequency distributions . However , 
scale analysis may provide an eventual basis for identification 
of the hatchery fish . 

All salmonids were classified by species , examined for 
marks or tags , and measured for fork lengths . Live fish were 
anesthetized before handling and were released after processing. 
Scale samples were taken from a number of dead and injured fish . 

Distribution 

Recoveries at the Interstate Bridge showed that . fish were 
approximately evenly distributed from top to bottom , and 
generally the same was true for the horizontal distribution o By 
contrast, 97 percent of the fish taken in the turbine tailrace 
were in the surface layer (top 6 feet ) . Previous studies by the 
Idaho Department of Fish and Game showed that most fish were 
concentrated along the right bank (Idaho side) of the turbine 
tailrace. This was confirmed in the recent work. 

Efficiency of Scoop Traps 

Interstate Bridge . --Catches of marked fish in the scoop 
traps at the Interstate Bridge showed a recovery of approximately 
1 percent · from respective releases in the spillway and the 
turbines. Recoveries from the turbines were slightly higher than 
those from the spillway. Spill discharges during fish releases 
in the spillway ranged from 14 , 600 to 42 , 000 c. f.s . , and velocities 
at the Interstate Bridge ran from 2 to 8 f . p. s . Releases of fish · 
in the turbines were made at discharges of 12 , 000 to 15, 000 c.f . s. 

Turbine Tailrace.--Recoveries of marked fish from 
daylight releases ranged from 1 . 4 to 7.0 percent and averaged 
3. 4 percent overall . Recoveries from night releases ranged from 
5.8 to 17 . 5  percent and averaged 11 . 3  percent overall. The 
higher recovery at night may have been the result of less fish 
avoiding the trap during the dark than in daylight hours. Total 
turbine discharge during tailrace tests ranged from 2 0 980  to 
21, 825 c.f . s .  and from 2 , 980 to 5 , 650 c . f . s .  by the individual 
turbine. 
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Catches Below Brownlee 

Scoop trap catches from August 1 ,  1963, through June 30, 
1964, included 3, 150 chinook , 505 coho , and 333 rainbow-steelhead . 
These totals are exclusive of special sampling to assess trap 
efficiency and vertical distribution. The largest catches of 
salmon were made during April, May, and June, 1964. Rainbow
steelhead trout peaked in April and May . The first coho salmon 
was taken on May 16, and peak catches were made during the latter 
part of May. 

Length frequencies were as follows : chinook--45 to 
256 mm. , coho--75 to 170 mm. , and rainbow-steelhead--45 to 340 mm . 
The larger chinook were identified as progeny of the 1962 run of 
fall chinook . 

Condition of Captured Fish 

Approximately 62 percent of all juvenile chinook collected 
in the scoop traps were dead. Mortalities on cohos ; and rainbow
steelhead were 53. 5 and 66. 4 percent respectively. Most of these 
mortalities can be attributed to turbulence and debris in the trap 
holding pen. During recent tests with marked fish in the turbine 
penstocks, the barge traps were serviced shortly after the fish 
were released. Virtually all of the recaptured fish were in 
excellent condition. 

Escapement 

1962 Brood Snake River Fall-run Chinook. --An estimated 
50, 130 fish (including skimmer catches) migrated through the 
reservoir during 1963-1964 . This represents about 13 percent of 
the recruitment estimate .  Peak migration occurred in June of 1963 
followed by a secondary peak from January through April 1964. 

1962 Brood Eagle Creek Spring-run Chinook . --Forty-nine 
percent (6,000 fish) of the total entering the reservoir was 
successful in passing through it . Peak migration occurred in 
March, April, and May of 1964 . 

1962 Brood Coho (Hatchery Plants) . --Approximately 40, 000 
fish (43 percent of estimated recruitment) are estimated to have 
passed the sampling sites below the dam during May and June 1964. 
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1963 Brood Chinook (Hatchery Plants} o --Fifty-four percent 
(95, 000 fish) of the estimated recruitment was estimated to have 
migrated through the reservoir as of June 30, 1964 0 Peak 
migration occurred in May, 1963--approximately 8 weeks after 
planting. 

Rainbow-steelhead. --An estimated 21, 550 trout migrated 
from the reservoir from August 1963 through June 1964 0 No 
attempt has been made to separate the various stocks, but 
approximately 31 percent of the total escapement were considered 
resident rainbow trout. 

Relative Escapement o --Based on the proportions of the 
various stocks of chinook salmon contributing to the escapement, 
spring-run progeny appear to have been more successful in passing 
through the reservoir than those from the fall-run . 

CONCLUSIONS 

1. Escapement of ju_venile salmonids from Brownlee 
Reservoir can be successfully monitored by scoop traps below the 
dam. 

2. Escapement from the reservoir in 1963 greatly 
exceeded the barrier net catches in that year. 

3. Progeny of spring-run chinook stocks are more 
successful in passing through the reservoir than fall-run 
chinooks. 

4. The ability of juveniles to pass through the 
reservoir apparently varies from year to year (10 to 54 percent) 
depending on conditions in the reservoir o 
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The invest igation of the effect of a large impoundment , 
Brownlee Reservoir , on the passage of salmonids was initiated · 
in 1962 . Research activities were pursued in five maj or areas : 
(1) limnology , ( 2) adult passage , (3) juven ile recruitment , 
(4) juvenile passage , and (5) juvenile escapement . 

In terms of the limnology , the temperatures and the 
oxygen concentrations appear to be the most critical factors 
affecting the distribution and survival of migrant fish � 
Temperatures in August arid September have reached 81° F . , and 
oxygen concentrations have· ranged from O to 4 parts per million 
in the limited area of suitable salmon habitat (temperatures of · 
70° F .  and less) . Environmental conditions in the fall , winter , 
and spring appear optimal for fish survival . 

The reservoir is stratified each year , but the 
formation of the thermocline is influenced by · the operation of 
the reservoir ; a significant drawdown with slow filling delays 
stratification . Air temperature and the volume and temperature 
of inflowing water from the Snake River appear to be of 
secondary importance to stratification . 

Spilling operations at Brownlee Dam influenced the 
current patterns within the reservoir . At a maximum drawdown of 
8 7  feet , measurable current patterns · were detectable throughout 
the reservoir , but during fill-up the velocities and directional 
patterns became erratic . Significant spills in April and June 
1964 increased the current and changed the directional pattern 
of water flow in the upper reservoir� 

Carbon dioxide , silicate , and sulfate levels , in 
addition to hydrogen ion concentration , appear to be within 
acceptable limits for fish survival . 

Brownlee Reservoir has - a  buffering effect on the Snake 
River below the dam ; in the fall , downstream temperatures are 
higher and oxygen concentrations lower for a longer period of 
time than in the river above the reservo ir . A reverse effect 
occurs in the spring . 

The peak of the adult spring-run chinook salmon 
migration occurs at Brownlee Dam in May , when environmental 
conditions are suitable for passage . These fish spawn in Eagle 
Creek of the Powder River system and in tributaries to the 
Snake River , principally the Weiser River . Eagle Creek is about 
20 miles above the dam , whereas the Weiser River is about 12 
miles upstream from the reservoir . 
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The adult fall-run chinook migration peaks in late 
September, and at least ·· a portion of these fish enter the 
reservoir when high temperatures and low oxygen concentrations 
may prevail . However, tagging experiments indicate that. these 
migrants pass successfully through the reservoir ·and complete 
their spawning in the Snake River in the vicinity of swan Fal ls . 

From sonic tracking experiments, it was learned that · 
adult fish released in the reservoir were initially disoriented ; 
but as evidenced by arrival on spawning grounds, they eventually 
resumed upstream_ migration . 

Juvenile migration into Brownlee Reservoir from the 
snake River occurs in the spring, but from Eagle Creek it is 
principally in the fall with smaller numbers migrating in the 
spring . Migration from the Snake River peaks in May and consists 
mainly of fall-run chinook progeny . The migrat ion from Eagle 
Creek begins with increased flows in the fall and peaks in · 
October or November . After thawing, a second migration begins 
in late winter and continues through the spring until flows are 
drastically reduced by irrigation water diversion . 

Progeny from spring-run chinook salmon from the Weiser 
River enter the reservoir as 1-year-old fish and enter an 
environment increasing in temperature and decreasing in oxygen 
concentration . In 1962, 10 percent of the recruitment estimate 
passed through the reservoir to the skimmer net near the dam, 
whereas in 1963, only 2 . 3 percent completed this migration. The 
difference in - success of passage in the two years may have been 
related to conditions in the reservoir . In 1962 there was a 
45-foot reservoir drawdown followed by a gradual fill�up. By 
contrast, · there was only a 21-foot drawdown in 1963 and fill-up 
was rapid . Also, in 1963, a sha�p contrast between reservoir 
and river water (shear line ) · in the upper reservoir may have 
affected downstream movement . Few fish from the Weiser River 
remain in the reservoir for more than one year . 

Spring-run chinook pro·geny from Eagle Creek enter the 
reservoir as 0-age · group fish in the fall and as age-group-1 
fish in the spring . The fall migrants appear to remain in the 
upper Powder River for several months before migrating 
downreservoir to the skimmer net . Migration rates of this group, 
determined from tag recoveries , range between 11 and 52 days to 
the skimmer net . The spring migration enters the reservoir in 
early February and continues until late June . They make their 
appearance at the skimmer in late March and continue until late 
June . 
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In 1963, marked Eagle Creek fish were recovered at the 
head of Brownlee Reservoir . This upstream movement may be 
related to drawdown and filling schedules , since Eagle · creek 
progeny were not observed upreservoir .in 1962 and 1964 , when 
substantial drawdowns occurred and fill-up was not complete until 
early June . 

Fall-run salmon progeny enter the reservoir as 0-age 
f ish and appear at the skimmer from May until mid-July . In 1962, 
peak numbers occurred at the skimmer from mid- to late May , but 
in 1963 , they did not appear in quantity until late June and 
early July . This suggests that the early fill-up in 1963 may 
have hampered the migration . Sharp temperature differences in 
the upper reservoir between the river and reservoir water masses 
in 1963 may also have delayed migration . 

A considerable number of fall-run progeny remained in 
the reservoir after termination of the skimmer net operation in 
the early summer and appeared at the net again in January of the 
following year as age-group-1 fish . These fish ranged in size 
from 160 to 240 mm . and appeared in excellent condition . 
Apparently a suitable niche for survival existed somewhere in the 
reservoir during the critical summer period . 

Only a minute fraction of fall-chinook progeny were 
taken at the skimmer net . In 1962, 1 , 645 of an estimated 
recruitment of 529 , 000 (1961-brood-year fish ) reached the skimmer, 
and in 1963, 4, 381 fish of the same brood were captured at the 
skimmer . Thus, only 1 . 1 percent of the estimated recruitment 
from the 1961 brood was accounted for in the skimmer catches in 
1962 and 1963 . 

The movement of hatchery chinook and coho j uveniles 
through the reservoir in 1964 appeared fairly rapid from 
preliminary analysis . Favorable passage conditions may have been 
created by the substantial reservoir drawdown with slow fill-up , 
high volumes of inflow from the Snake River , and subsequent 
spilling operations . 

Relatively few rainbow-steelhead trout appeared at the 
skimmer (less than one-tenth of the skimmer catch ) during the 
1962-64 period . In view of the number of adults passed over 
Brownlee Dam in recent years , this species appears to be in 
jeopardy unless large numbers are migrating downstream through 
the turbines and spill . 
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Escapement from the reservoir occurs through the 
turbines and through the spillway when operated . About 12 percent 
(47,400) of the total fingerling recruitment estimate o f  1962-
brood fall-run chinook progeny from the Snake River escaped the 
reservoir in 1963 and 1964. In 1964, about 54 percent of the 
hatchery-reared chinook fingerling , released in the Snake River 
during early spring, pass.ea the · sampling sites below Brownlee 
Dam , peaking in May. About 43 percent of hatchery;...reared coho 
released in the Snake River escaped from the reservoir in May and 
June 1964 . Peak escapement of spring-run chinook progeny from 
Eagle Creek occurred in March, April , and May, 1964, with about 
49 percent of the recruitment estimate passing out of the 
reservoir. 

An estimated 21,550 trout migrants left the reservoir 
between August 1963 and June 1964 , about 31 percent of which were 
considered resident rather than seaward migrants. 

Escapement from the reservoir appears to vary from 
year to year (10 to 54 percent) depending on reservoir 
conditions. The best escapement occurred in 1964 , when · a  
substantial drawdown and a slow fill-up occurred, accompanied by 
high inflows from the Snake River. 
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ABSTRACT 

The Shasta Reservoir study was initiated as part of a continuous 

program, supported by the California Department of Water Resources and 

conducted by the California Department of Fish and Game to �etermine effects 

of water development projects on the anadromous f'ish resources-of California. 

The u. S. Bureau of Commercial Fisheries signed a cooperative agreement with 

the_ Dep�tment of Fish md Game whereby it would furnish funds to augment the 

study in return for information that could be applied to fish passage_ problems 

in the Columbia River Basin. 

The primary objective of the program was to study the habits of 

downstream migrating., fall-run, king salmon fingerlings in Shasta Reservoir 

and to relate these findings to proposed water projects in northern California 

and the Pacific NQrthwest. 

A total of 1,750,000 king salmon fry from Coleman National Fish 

Hatchery was released in the upper Sacramento River during 1962 and 1963. 

A total of 750,000 swim-up fry was released during February 1962., 

25 miles above the reservoir. Fyke net sampling in the river at the head of 

the impoundment indicated the majority of the migrants entered the reservoir 

during the first week after release. The 1962 plant produced very poor 

returns in the reservoir and only two small king salmon., definitely considered 

to have come from the 1962 plant., were recovered. 

One million king salmon fingerlings were released in April 1963, 

1 and 1/2 miles above the reservoir. A total of J., 956 of these fingerlings 

were recovered in Shasta Reservoir with floating lake traps. During the 
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first 16 days after being planted,; fingerlings were observed to have traveled 

a distance. or 23. 7 miles down the reserV"oir. No .fingerlings were recovered 

below the conf'luence of the Sacramento and Pit River arms of the impoundment. 

Shasta Dmn was spilling during the period of fingerling movement, bu� there 

was no indication that any" of the young fish left the reservoir via the· spill .• 

No formal limnological program was carried on during the study� but prelim;.. 

inary work indicated that surface water temperatures had a direct bearing on . 

the downstream movement of the young sallllon. Counter currents observed in 

the lower end of the Sacramento arm of the reservoir may also have influenced 

the movement or the migrants. 

A complete evaluation or the young king salmon's habits in the 

reservoir was impossible to obtain because or early termination or the study. 

However, preliminaey- data indicate that the young fish planted·during the 

study have taken up at least a temporary residence in the resenoir and have 

shown no inclination to lean. 
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INTRODUCTION 

This report presents data pertaining to the movement and behavior 

of' planted fingerling king salmon in Shasta Reservoir, a 29,500-acre, 

:fluctuating, multipurpose reservoir on the upper Sacramento River in · 

northern Ce.1.ifornia. The data were obtained during the course of f'ield 

studies in 1962 and 1963, which were directed towards determination of' 

the ability of young salmon to migrate downstream through reservoirs of' 

the type represented by Shasta Reservoir. 

The data presented herein are inconclusive with regard to the 

primary objective of the study, since study was terminated abruptly about 

midway through its original schedule. Nevertheless, it is believed that 

they are worthy of publication as a reference f'or probable re-initiation 

of the Shasta Reservoir study at some :t'uture date, or for possible appli

cation to downstream migrant studies on other streams of' the Pacific Coast. 

The need for concrete knowledge·o:f the overall effects of impounded 

waters on the seaward migrations of juvenile saJ.monids has become pressing 

in california, as it has in other localities a.long the west coast of North 

America. An wiprecedented increase in numbers of people in this State in 

recent years, coupled with both a wide variation in annual natural water 

supplies and concentration of the major portion of the annual runoff in 

the least populated region of the State, have lead to a comprehensive plan 

of developnent of' the State's surface water supplies -· The california 

Water Plan. This plan proposes the ultimate conatnaction ot dams and 

reservoirs on virtually every maJor anadramous salmonid stream in 

California in order to meet increasing requirements for water by a 

burgeoning human population. 

-1-



It is the farsighted policy of the State that its public-owned 

fish and wildlife resources shaJ.l be preserved in connection with projects 

constructed by the State. In addition, fishery enhancement is a purpose 

of state water development projects. Preservation of anadromous fishes 

in connection with dams obstructing their spawning grounds can usually be 

I , 

pal 
I 
i 

accomplished in a number of ways, depending upon local conditions o Obviou.sly r-i 

the preservation method that adequately ca.res for the resource, yet costs 

the lea.st, usually constitutes the best approach. 

In instances where proposed dams and reservoirs would inundate, 

or otherwise make unavailable, upstream spawning groWlds for amdromoos 

salmonids, the problem of preservation becomes relatively simple. Artifi

cial spawning facilities could be constructed and operated below the project 

or, if downstream spawning areas a.re suffic.iently extensive, an increase 

in stream f'lows provided by the project might create the additional habitat 

required f'or protection of the existing resource. In some cues where the 

above measures are not feasible, it might be necessary to increase the 

productivity of an adjacent stream in the same watershed to accomplish 

the desired obJective. As·& rule, these approaches are costly, especially 

the hatchery apprffl!Wh which might invw. ve sizeable mirn»aJ operation and 

maintenance expenditures. 

A different and more cc:mplex set·or conditions confronts the 

water project planner when an a.ppreciabl.e ammmt of spawm.:llrlg habit®.t for 

Assuming successful passage of adult fish over the dam and throo.gh the 

reservoir and equally sa.;f."e passage of their progeny downstream through 

the reservoir into the tailwe.ters of the dam, provision of :passage facili

ties would alinost a.lwa.ys be a much less costly means of preservation than 

artificial. spawning facilities or other sJ.ternative preservation requirements. 
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On most conventional impoundment projects, upstream passage 

facilities can be designed with substantial confidence that they will 

function adequately. Considerable experience and knowledge of upstream 

passage facilities has been gained in recent years, and is available to 

fishery workers and planning engineerso 

Successful passage of juvenile salmonids across, around, or 

through a dam probably could be engineered adequately, providing the young 

fish are concentrated immediately above the dam. The real problem centers 

on safe transport of fingerling-sized fish from the spawning grounds to 

the dame It is towards this unresolved problem that this study was directed. 

Authorization for Study 

In 1959, the California Department of Water Resources commenced 

a comprehensive reconnaissance-level investi,gation of the water resources 

of the u�r sacremento River Basin for the purpose of formulating an 

optimum plan of development of those resources to meet predicted future 

water requirements. The study area is comprised of a 2,600 square mile 

drainage area between Shasta Dam and the City of Red Bluff. 

At least two alternative plans for development of the basin's 

water supplies were evident. One plan proposed construction of a 170-foot 

'dam on the main stem of the Sacramento River approximately 4.5 miles north

east of Red Bluff at the Iron Canyon site� A reservoir storing 1,000,000 

acre-feet, with 27,4oo surface acres at normal pool elevation would be 

created.. The Iron Canyon Reservoir would inundate about 37 miles of the 

Sacramento Rivero 

The primary alternative to a main stem Iron Canyon Dam and Reservoir 

is the contemplated construction of smaller dams on the major tributaries 

-3-



to the Sacramento River above the Iron canyon site. The aJor tributaries 

are cov and Cottomrood Creeks. 

· The upper Sacramento River possesses the largest, most important 

king salmon run in North America. Fish produced there constitute the bulk 

of the C&l.ifornia cC11111erci&l salmon catch, and contribute to catches ill 

Oregon and Washington in addition to·supporting a significant sport fishery 

in the State's coastal waters and in the.river itself. Moreover, a 

sizeable steelhead population depends upon the rive� for habitat. 

'l'hree distinct races of king aaJ.mon are ident:l.tiable in the 

upper Sacramento River Ba.sin: tall-nm, winter-run, and spring-nm.· !be 

ta.U•nm 11 the largest. Estim.tea ot the m.unbers ot .adult fall-nm t1sh 

traa 1952 to 1959 range fran 83,000 to 451,000 with an average of 252,000 

salmon (Fry, 1961). Fram 1911,6 to 1956, spring-rm sa.1.mon eat1wiee ba've 

ranged frcm 9,000 to 331000 with an average of 19,000. Bo estimate• ot 

the abundance ot v1.nter-run fiah are aw;IJ able; howe_ver, the run bu buil.t• 

up remarkably in recent years ancl appears to be abOl&t the aame order ot 

mapitude as the spring-run. 

About so· to. 85 percent Of the king sal IIOD t.bat migrate into 

the um,er sa.cramento River spawn above the proped Iron� cJaa:Lte, 

either in the main stem of the river or in •Jor tributaries. SCIIIIVhere 

'between 230 ,ooo ancl 250 ,ooo k:l.ng salmon voul.d thws be bl.oolrad. on • &WNP 

annual basis. by an Iron C&Dyon Dim • 
.. ... . -· 

Ba.1.look, Van Voert, and Sbapowlov (1961) eatiated. that the 

steelhead run in the upper Sacramento Ri-ver averaged 20,542 fish during 

the period 1953 to 1959. Moat of these f'ish spawn above the Iron �on 

damsite. 
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The CaJ.ifornia Department of Water Resources is responsible for 

planning for fish and wildJ.ife preservation and enhancement in connection 

with water developnent projects described in The CaJ.ifornia Water Plan. In 

meeting this responsibility, that Department contra.eta with the Ce.lifornia 

Department of Fish and Game for the professional. planning services of fish 

and wildlife biologists. 

In 1960, the Department of Water Resources entered into an inter

agency agreement with the Department of Fish and.Game for personnel to 

evaluate the effects of proposed water projects in the upper Sacramento 

R1 ver Basin on fish and wildlife e Prel:lmina.ry evaluations revealed the 

vast impact Iron canyon Dam would have on a.nadromous fishes. 

The Department of Fish and Game retained a fishery consultant to 

make an independent study of the effects of the Iron Caey"on Project on king 

salmon and to recommend measures required for the preservation of existing 

salmon populations. A report was submitted by the consultant in 1961 

(Eicher, 1961). He recommended several approaches to a solution of the 

Iron Canyon salmon problem; the most feasible in his eyes being passage 

of adult fish a.round the dam to 1:1tilize upstream spawning grounds. 

This proposed approach immediatel.y raised the question of the 

ability of fingerling salmon to safely negotiate a 37,;.mile, wa.rmwater, 

fluctuating reservoir to the area of the proposed dam where they could 

be bypassed into the river below. To resolve this question, the two 

state agencies mutually a.greed that an experiment designed to provide 

conclusive evidence, one way or the other, was necessary immediately. The 

economic feasibility of Iron Canyon Dam and Reservoir could not be adequately 

assessed without this vital information since failure of' the young fish to 

pass through the reservoir would necessitate construction of mammoth, 

costl.y, artif'icie.l spa.'Wlling facilities below the project. 
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In 1961-62, Interagency Agreement Numbers 251412 and 451778 

between Water Resources and Fish and Game were executed, in the total a.mount 

of $28,000, for a study of the movement, behavior, and survival of king 

salmon fingerlings in Shasta Reservoir. · Work began in July 1961. 

In 1962-63, Interagency Agreement :Number 252087 was entered 

into by the same agencies for a continuation of the field expel" 1ment. The 

amount was $11,300. 

The 1962-63 funding was supplemented by monies frau the Bureau 

of Commercial Fisheries, u. s. Fish and Wildlife Service, in the amount of 

$13,800, as pa.rt of their Accelerated Fish Passage Program. The f ederal 

agency believed that the results of the Shasta· Reservoir study would be 

applicable to similar studies being carried on under their auspices in 

the Columbia. R1 ver Basin. The federal contribution �s authorized under 

Contract No. 14-l 7-0007-ll2. 

The 1963 CBJ.ifornia Legislature did not appropriate funds for 

a continuation of the State's share of the study in fiscal year 1963.64. 

It was decided to terminate the field study on June 30, 1963, since 

federal funding for the study was uncertain. However, the Bureau of 

commercial Fisheries entered into Contract Number 14-17-0001-963 with 

Fish and Game, 1n an amount of $2,200, for preparation of this report. 

Scope and Objectives 

The original basic objective of the Shasta Reservoir study was 

to determine if fingerling king sal.mon would pass safely through a reser

voir similar to the proposed Iron Canyon Rese�ir. This was the question 

to which the Departments of Water Resources and Fish and Game required a 

valid answer. 
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The Sacramento RI. ver arm or Shasta Reservoir appeared to offer 

�sic&l. characteristics sufficient1y s1m1 J ar to the proposed Iron �on 

Reservoir to serve as a study area (Plate 1 ) .  The two waters would be 

roughly the same length and would be genera.Uy ccmpa.ra.ble in qua.lity. 

The incorporation of the st� into the Accelerated Fish 

Passage Program of the Bureau of Commercial. Fisheries broadened the 

scope of the study to inclu<le acquisition of data that would be usable 

in the analysis and solution of Columbia River fish .passage problems .·  

The specific obJectives of the study were as follows : 

I .  Determine the pattern and rate or movement or 

fingerling king a&1 :mon in Shasta Reservoir. 

II. Observe schooling patterns of fingerling king. 

salmon in Shasta Reservoir . 

�;II. Determine the distribution of king saJ mon in 

relation to water temperatures and o.xygen tensions . 

IV. Determine if resia:u&liam occurs in Shasta Reservoir 

and measure the clegree of residual.ism if it occurs . 

V. Determine the relationship of predator fish 

populations to fingerling survival.. 

VI. Determine if fingerling king aeJmon would sound 

to the depth of Shasta Dam turbines and measure survival 

rates a.t'ter passage through the turbines . 

V&l.uable data and experience resulted from the Bt\ldl' in regard 

to ObJective Bo. l ;  however, in essence , the obJectives were not met due 

to early termiD&tion or the field experiment . 

A program of endeavor designed to meet the above obJectives 

was formulated. Despite the failure to carry tbrough with the program., 
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the primary elements are listed below as a reference for future studies 

of the same type : 

A.  Acquisition and development of experimental sampliDg 

gear. 

This was a time-consuming segment of the stu�, entailing 

design and construction of a mid-water trawl and floating trap 

and acquisition of acceptable gill nets . 

B .  Release of experimental. fish. 

Fall-run king sa:i..,n fingerlings , in sufficient quantity 

for samplirlg in a large b� of water, released in the Sacramento 

R1 ver far enough upstream so that they could ccmnence tbeir 

doWllstream migration in a natural manner . 

c .  Fish sam,eling prosr!!• 

Stream sampling using fyke nets , seines, electrical 

shocking equipment ., and skin diving gear. Lake sampling 

using trawls ., floating traps, and gill nets • 

. D. L1mnological sampling. 

Measurement of dissolved oxygen and water temperat�s 

using standard procedures .  

E .  Measurement of residual.ism. 

Acccmplished by marking captured fish and sampling by means 

of gill nets ., hook-and-line fishing., and e:xam:lning angler catcbes . 

F.  Predation studies . 

Routine stomach analysis of p:-edator · species obtained by 

angler creel census and population sampling . 

G .  Turbine studies . 

Sampling Shaeta Reservoir discharge with tyke nets and 

· floating traps . 
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EXPERIMENTAL EQUIPMENT AND PROCEDURES 

It was not lmown if the yo1mg salmon., used in the study., would 

be properly .oriented for their downstream migration if planted too close 

to the reservoir; consequently., they were planted 27 miles upstream to 

give the young fish an opportunity to become adapted to the river environ

ment before they entered standing water. The downstream movement of the  

fry was measured by meane of riffle fyke nets. The nets were used to obtain · 

an indication of movement and timing of the downstream migration and not to 

give a total count. Residualism in the area between the planting sites and 

the reservoir was assessed by means of visual observations., a back pack 

shocker unit and small seines (Plate 2) . 

When the fry reached the reservoir., their movements were sampled 

by means of gill nets., .floating traps., and trawls. The gill nets and traps 

were fished along the shoreline of the lake and the trawls., both mid-water 

and botto� types., were used in the open water areas. 

General gperating :Equipment 

Equipment used for everyday work on the reservoir consisted of a 

21-foot Trojan cruiser., powered by twin 35�hp Johnson outboard motors and 

a 12-foot glass ski.ff., powered by a 10-hp Johnson outboard motor • .  The boats 

were equipped with trailers to enable them to be transported t o  different 

areas ot the lake · when the need arose., or they could be removed from the 

lake for repair or storage in bad weather. 

-11-



- 12-

LEGEND 
A Plant in9 SIi es 

• Fyke Net Stations 
---- upstream L i m i ts of Shasta Lake  

STATE OF CALIFORNIA 

THE RESOURCES AGENCY OF CALI FORNIA 

DEPARTMENT OF WATER RESOURCES 
NORTHERN BRANCH 

U PPER SAC RAMENTO RIVE R 
DOWNSTREAM M I GRANT STUDY 

-

FI NGERLI NG  PLANTI NG AREAS 

1962- 1963 
SCALE O F  MI LES 

0 I 2 3 

fall 
! I 

lat 
I 

r 
-

r 

... 
! 

r 

i I 

i I 

-
I 

r ) I 

i-t 
I I 
i I 



,., 

,., 

-

Fyke Net Sampling 

Fyke Net Specifications 

The nets used for sampling were modi:fied, riffle fyke nets 

with a 3 by 4-foot rectangular opening at the large end . The- nets 

tapered down 1n a distance of 10 feet to a 9-inch opening, that was 

laced to a square metal frame. The nets were cons.tructed of 1/2-inch 

stretched-mesh, cotton webbing without the normal fyke constriction . 

and the catch was retained in a perforated, aluminum, live car instead 

of a cod end. The net and 11 ve car were :fastened together . by slipping 

the small end of the net into a slot in the end of the live car and 

closing the lid . By removing the lid and detaching the net, · the 11 ve 

car was easily moved to shore and emptied . 

The river was carrying large amounts of suspended organic 

material when fyke net sampling was first started, which made it 

necessary to clean the net webbing several times a day. When the webbing 

was dirty or the meshes were plugged with debris, the efficiency of the 

net was greatly impaired . Not only did the catch drop off, but only 

very small and weak fish were taken . When the webbing was full of debris 

a noticeable pressure bulge was built up in front of. the net, and it was 

theorized that young salmon, being pressure sensitive, avoided the net. 

_ _ _  . . J:n order to overcome the - debris problem, the basic net · design 

was modified so that a greater volume of water could be passed through 

the front section . A straight 6-foot extension was made ahead of the 

original net, using 1 and 1/4-inch s�:retcned-mesh,  cotton webbing instead 

of the 1/2-inch stretched-mesh material used in the body of the net. The 

front and middle sections of the net were held open by a 1/2-inch welded 
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pipe frame. The modification acted much the same as v1nga, but 1Mtead 

of extending outwards at a divergent angle, the extension was cloaecl top 

and. bottom to form a tunnel . 

The large mesh webbing ahead of the 1'mmel all� much 9f tile 

debris to be swept out through the sides and also allCMld the vater preaaure 

to diminish before it reached the small end. After the modificatiOD, no 

pressure bulge vu detected in front ot the net and the net wa moll 

easier to keep in place . '1'he catch in the modified net change4 nottaeab�. 

'ft1e catch in the altered net included trout up to 8 :tncbes long; vllere 

pren.ousl7 no ff.eh longer than 2 inches were taken. 

Many of the fish that � taken in the modifiecl net cOIIJ.4 

haw escaped through the aides ot the lead section if the7 ha4 ao 

chosen, but the7 had a tenderu::y to a'fflicl the wbbing. '?he p,rforatect,. 

aluminum, lift CBI' used on the net reta.iDed fish in good conclitica aml 

the force ot the vater entering tlae car kept the catch troll escaping. 

l)ke Wet Saglin,s Procedures 

'ft1e tyke nets were .alnya fished in a at?'Clllg C\\lffat wlth the 

aides of the lead section parallel to the fl.owo Fyke net sites Wl'8 

located on the lower end of rittles where the current vaa bean.eat and. 

where there vu auff1c1ent depth to float the lift car (Jl'igura 1) . 

Unstable river conclitiona in the atwty area, 411l"in8 tile ap'1ng 

of the year, caused cona:lderable d81111lfJ9 to the nets and on cae occuton 

the loaa of an entire nete  !hereafter, to �  �at exceaatw c1mrage 

or ws of gear. a steel cable vu uedl. to UIICOr the insicls edge of the 

fJdJ, net to the shore while the Cllt� edge waa moored to .a 35 .. pouna 
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kedge anchor with a light break-away line. When a sudden freshet would 

raise the level of the river and cause undue strain on the net, the light 

line would carry away and let the fyke net swing in against the shore . 

Gill Net Sampling 

Gill nets were used for sampling areas of the reservoir that 

could not be sampled efficiently by other means. These areas included 

shorelines, naITow inlets, and shallow water with a rough bottom. 

Gill Net Specifications 

The gill nets used in the study were 100 feet long and 8 feet 

deep. Each net consisted of two panels of different mesh size, each of 

which were 50 feet long. Mesh sizes used were J/8 11 ,  1/2 11 , 5/8 11 , J/411 , 1 11 , 

and 1-1/411 stretched measure. The webbing was multifilament nylon of two 

and three-filament construction. The nets were hung without floats or 

--- weights · to facilitate handling and storage. Floats and weights were attached, 

as needed, with shower curtain rings which not only added to the versatility 

of the nets, but also reduced the cost of construction (Figure 2 ) . 

The gill net floats were painted with a fluorescent red-orange 

paint, which made them readily visible even in rough water. Galvanized 

iron rings two inches in diameter were used for net weights to reduce 

tangling. Cast iron window sash weights _ were used for gill . net anchors 

and empty 1/2-gallon plastic bleach bottles were used for anchor buoys. 

The anchor buoys were also painted with fluorescent paint to keep boaters 

away from the sets. 
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Figure 1 .  
Fyke net station at Delta, February 1962 . 

\ 

\ 

. ..... "), ... 
\ 

Figure 2 .  
Small mesh gill net showing method 
of attaching floats . 
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Gill Net Sampling Proc edures 

Gill nets were set and fished out of the project 's  small skiff. 

In the upper end of the res ervoir., where the reservoir was narrow., only 

shore sets were made. In the lower end of t he lake in open., deep water 

areas both onshore and offshore sets were made. Offshore sets were made 

in the manner described by Korn and Gunsolus (1962 ) so that sets could be 

made between the surface and bottom. 

Trap Net Sampling 

Floating fish traps were chosen to be us ed at Shasta Reservoir, 

because of their excellent fish catching ability and the email amount of 

up-keep nomally required to maintain them • 

Trap Net Specifications 

The traps used during the investigation were of the .tl.Dating type . 

similar to those designed for use in Lake Merwin., Washington. The original 

trap design was modified somewhat., but the modifications consisted primarily 

of :the materials used in construction. The major difference in materials 

was the smaller mesh webbing used in the Shasta Lake traps and in the 

greater depth of the lead and wi�s. The Lake Merwin traps were constructed 

of .. 7/8-inch stretched-mesh material. because of the large size of the fish 

that were sampled. 

The small size of the fish released for t he Shasta Lake study 

necessitated the use of a much smaller mesh size than was us,;d in the 

original. traps. The webbing used in the project' s traps was 1/2-incb 

stretched-mesh Saran netting., a Japanese synthetic material. · A smaller 

mes� size would have retained the smallest fingerlings better but would 
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have added to the trap cleaning problems. 'When the su;-face water ot tlte 

lake began to warm in the spring it became necessary to clt;tan the trap 

webbing at least once a week to remove the algal growth. The ef'f'icien:cy 

of the traps was greatly reduced when the  flow of' water through the webbing 

was restricted. Hand-cleaning of the · trap webbing was ineffectual and 

inefficient because of the time required to clean the trap thoroughly. 

A portable 3-inch fire pump was found to be the most effective means of . 

keeping the trap -webbing · clean. The high - pressure stream of' water delivered 

by the pump not only removed the algae quickly, but thoroughly1 whiQb 

allowed f'or a longer period between cleanings. 

The frame of the first trap was constructed of'  4 x 4 tiBJbere 

with a deck of 2 x 12 planks. Flotation was f'urnishec
l 
bf au.teen S�galll,Qn 

drums (Figure 3 ) .  The trap fished well, but because ot the heayy Qon,et,ruo .... 

tion of' the frame it was cumbersome and awkward to handle while WJII 

assembled· or moved. 

The trap., consisting of' two enclosures of' netting connec�c:1 by 

a tunnel, was suspended from the inside of the trap frame. Fish were gul.ded 

into the trap by means of a lead and wings. The lead was naoored t,o t)le 

shoreline and guided f'ish out to the trap which was anchored in . de•i> wateJ"• 

The fish entered the front chamber ot the trap., swam �  the connecting 

tunnel . and into the back chamber where they were re�d. 

The trap was composed of' f'our main sections J the lead., the heart� 

the pot, and the spiller. The lead was 100 teet long and 3S teet deep. 

The heart section., which . consisted of' the wings and·the em.t ot·the lead, 
• J •. . .  . ; , :  . . . ' . . ·-

was 30 feet wide and 3S f'eet · deep at t he outer end � tapered dow,l to a 
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Figure 3 ,  
The floating trap built in 1962 , us ing 
steel drums for flotation . 

Figure 4 .  
The floating trap bui lt i n  1963, 
styrofoam logs for flotation .  

- 19-
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width or twelve inches and a depth or 12 feet where it ended 6 feet inside 

the pot sec·tion. The heart section had · a noor or webbing that gtti.ded the 

fish from the depths up into the pot. '!'he t�sh moved from the pot into . 

the spiller section or the trap through a tunnel that was 4 feet square and. 

7 feet long. The tunnel tapered down in the last 2 arid 1/2 .feet to . an : · 

opening 4 by' 12 inches . The small opening retained the ti.sh in the · �ller 

very well, · until they were removed. 

Lights were installed on the · outer comers ot the trap . frame to 

keep boaters from inadvertantly running into the trap during. the houris of 

darkness. The type of lights empl.019d were highway blinker lights, used 

to mark construction zones . '!'he lights were equipped with )600 · radius red . 

lenses instead ot the usual two-way type. The lights were battery-powered 

and could be operated for two months continually without the batteries 

being replaced. The lights were mounted approximately S feet above •• 
•ter and could. be se� _ for about 3 miles on a clear night. 

Two noating "t;,raps nre .used during the second ye� ot t.he ataq. 

'l'he second trap �lt tor t he ' pzoject was deaigned for greater ease in ' 

handling and tranaport;ing (Figure 4) . The trap tram•, nre pretabrioaW 

1n sections ao they could _be ·diamantled with a m..nimum .of ett°" and atorecl 

when not in uae. lPJ.otati� �·• tamished b7 atyrotoam log1 llhich ·not � 

allowd tor . a 'l�r profile,_ . but tor . much  greater atal>ilit7 '11bUe t1eldng 
. ' 

(Plate. ) and lA) e 

Trap Net _Sampling Procedure 

The ·noattng traps were positioned off points in the reaer1011' 

that had deep water on all aides. � this manner any fish migrati,.ng �DI 
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the shoreline would b e  guided naturally t o  the lead and into the trap. 

The traps were moored in position by three 3.$-pound. kedge anchors on the 

offshore side and by the lead and lines attached to the wings on the . . 

onshore side . The traps were moved from site- to site by the skiff on 

short moves o:r by the large boat when towing · across open water areas . 

When a trap was moved, the webbing was pulled up on the trap trame, - the 

. anchors lifted . and piled on the trap frame ready for resetting, the tQw · 

boat was hooked on, and the_ trap was moved to the next site for resetting . 

The trap catch was normally removed each day b�cause the fish 

could usually find their way out if'. left for more than 24 hours. The 

catch was removed by first lifting the pot webbing and thereby .forcing 

the fish f rom  that section through the twmel and into the spiller • . This : 

first operati,.on kept predators .from taking up residence in the pot. The 

webbing in the _ spiller was raised to force the c atch · into cne comer tor 

removal� , 

Trawl Net Sampling 

To properly cover a body or water as large as Shasta Lake; with 

many anus and open areas several miles wide, something other than s�ation

ary gear had to be employed that . would assess the open water areas more 

efficiently. The best equipment with which to sample the open W!1ter areas 

ot the .. lake was considered to be trawls, both bottom and mid-water types. 

Many areas o.f Shasta Lake were not suitable .for sampling with 

a mid-water type trawl because o.f shallow water. Kom and Gm1solus (1961) 

found as a result of their SCUBA work that small salmonids were to be 

found in close �ro:x:i.m�ty to the bottom, during the hours ot darlmess, where 

mid-water type �rawls carmot be used e.ff'iciently. After much consideration., 
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16 and 24-foot semi-balloon trawls were purchased for use in the shallow 

water areas. 

Mid-water Trawl 

In recent years, the California DepartJDent of Fish and Game- has 

obtained excellent results in capturing small salmon in the sacramento 

River Delta with a single boat mid-water trawl (Commercial Fisheries Review) . 

The trav:i.s used by the Department were . towed from tvo cables and wre helcl 

open by four plywood quarter doors . The nets used · were approx1-tely. i5 

and 25 feet square at the mouth when fishing. The trawls were not ODl,Y 

etticient in catching fish, but could be handled by two. men • . After 

observing the operation of the Department ' s  mid-water trawl� one . net 
. . 

was constructed for testing at Shasta Lake. 

In view of the power restrictions of the project ' •  outbc)ard- · 

powered boats, a mid-water trawl, approximately one-third the a1ze of 

the Department' s large trawl, was designed and built for use on the lake. 

The .experimental trawl was 8 feet square at the mouth and was appraztaateq 

25 feet long. The trawl was constructed of 12-thread nylon in mesh slzea 

of 1 and 1/4, 1,· and 1/2-inch stretched-mesh . The quarter doors were 

made of 1/2-inch marine plywood with the outer dimensiona of 12 x 15 

inches . The trawl was originally rigged to be towed with a single warp 

but it would not handle properly, so the project ' s  boat vaa re-rl«led 

with trawl davits at the corners of the stern so double varpe could be 

used. The small mid-water trawl handled well with the double varpe anc1 

was easy to set . 

-
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. Mid-water Trawl Sampling Procedures 

With the trawl davits mounted in the stern or t he  project • �  boat, 

the procedure for handling the mid-water trawl was relatively simple. :Even 
. . 

so, . the net sometimes became fouled in the outboard motors. The way the 

net was nonnally carried between stations was to. have the quarter doors· 

pulled up tight . against the towing davits while the body ot the ·net .was 

carried in the cockpit of the boat.  When a set was •de, the . cod end was 

thrown over the side clear of the motors and the net was then · 1et out to 

hang from the davits. The b:rake on the trawl winch was then released and . 

the towing warp was let out till the quarter doors were submerged. · When 

the quarter doors were submerged the winch brake was applied until the doors 

set properly, then the brake . was · once · again released till the desired length 

of cable was let out . and the brake was re-set. 

When . the net was retrieved, the winch was started up a:nd the 

; . quax-ter · doors .were brought up . tight against .the davits • . .  The boat .was then 

tumed around sharp to the left, bringing the net alongside, and the. net 

was pulled into tbe cockpit • 

. . 

Semi-balloon Trawl Net Specifications 

The semi-balloon trawls purchased for t he study were constructed 

ot 1-1/2-inch stretched-mesh nylon with a 1/2-inch stretched-mesh, knotless, 

nylon liner in the cod end. 1be 2h-foot trawl had iron bound hardwood 

doors that measured lS by .)0 inches. The doors tor the Jb..toot traw:l 

measured 12 by . 24 inches. The trawls were des!gned to b� t o'wed 'b1 a single . 

warp but because ot the outboard motors they were towed .by the doubie warp 

arrangement like the mid-water traw:J, • 
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Semi-balloon Trawl Net Sampling Procedures 

The semi-balloon trawls were set and retrieved in the same mamer 

as the mid-water trawl. The semi-balloon trawls, however, were set wi:t.h the . 

aid or a fathometer. '!be extremely rough bottom or Shasta Reservoir · made 

it necessary to scan. the bottom for obstacles before making a tow. Not only · 
. ' . 

was a tathomete.r used before . making a tow, bU:t it was also used during the 

tows to .enable the net' .· to be . retrieved if -an obstruction was detected. 

Trawl Winch 

Arter the . �ecisiori was made to use trawl nets to: s ample . the . open . 

water arefas of Shasta· Reservoir, the problem of obtd.ning a·sui table winch . . . . . • .  . . . 

for retr1�!1ng the gear arose� - The project ' s boat, being outboard-powered, 

had neither .sufficient electrical power nor power take-off to · run an ordi

nary tt-awl winch � · · The only alternative was � secure a self��nd w:lnch 

driven �Y a gasoline engine . The winch had to ·be small beeause ot the 

cramped space available on the boat. It h�d to have a retrieve ratio· fast 

enough and a torque sut'ticientlY high enough t() bring in the travl while, 

the boat was underway in order to ' keep the c•tch from escaping • . The only 

commercial winch available that would meet the size requirement had a gear . . 
. . 

ratio so low that it wuld have been iJnpractical to . use fc;,r trawling in 

deep water. Wh� no suitable winch could be found, project. personnel were 
. . 

forced to construct a winch to project specifications. 

The ·winch designed and built by project personnel (Figures S and 

6 )  was powered by a three-horsepower, air-cool�d Briggs and Stratton engine 

with 6: 1 gear reduction. The drive speed was further reduced and the torque 

increased by a Harley-Davidson three-speed motorcycle transmission. The 
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Figure 5 .  
Tra.wl winch designed for outboard tra.wling 
in Shasta Reservoir . Front view . 

Figure 6 .  
Trawl winch designed for outboard trawling 
in Shasta Reservoir . Rear view . 
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f'inal speed reduction between the .transmission and the winch drum was 

achieved by selecting the proper size drive sprockets·. Power was trans

mitted by means of a chain drive. The retrieve ratio of the winch co�d 

be varied between 50 and 100 feet of cable · per minute . The capacity ·of 

the winch drum was 1, 200 feet of 3/32-inch aircraft control cable. The 

total weight of the c·ompleted winch was between 80 and 100 pounds. Max

imum torque developed by the  winch was estimated at .between 900 and 1,000 

pounds . 

Recording Fathometer 

There are many dangers inherent in trawling blindly . with ·either  

mid-water or bottom trawls. To help overcome some of . the problems, a 

Bendix recording fathometer, Model DR-19, was installed in the :project • s  

large boat. The fathometer not only picked up obstructions on the bottom, · 

but whe3:1 properly adjusted it could also detect fish. · The tathometer was 

not only helpful in the trawling operation but in trap operations as well. 

The fathometer was useful when picking trap sites because in some areas 

the bottom dropped off so steeply that when setting blindly, suitable 

bottom could not be located for setting the anchors. 

Experimental Fish 

Source 

The king ·  salmon finger-lings released during the study were the 

progeny of� fall-run fish trapped at Keswick Dam.·  A total ot l, 750,000 

of these fi.ngerlings were · hatched and reared at Coleman National Fish _ 
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Hatchery on Battle Creek . The finger lings were transported to the 

planting sites in 500-gallon tankers supplied by the Department of Fish 

and Game ' s Darrah Springs Hatchery .. 

The ti:"Ucks used �o tralisport the ·small fish had special screening 

installed to keep the fingerlinga out of the circulating system. Iii 

addition, the circulating pumps on the trucks were kept at a constant 

7 to 7 and 1/2 pounds pressure ·to avoic�: undue agitation of the tanks . 

Characteristics of 1962 . Plant 

The consignment of 750, 000 fish allotment for the 1962 plant . . ' . 

' ,. . 
was received from Coleman Bational Fish Hatchery on ll'ebrua:ey 20 and 21 . 

The small saimcm averaged 34.6-mm FL and varied from try- barely' butt�d 

up to fingerlings with their yolk sacs completely absorbed, that had . 

started to feed • .  The small fish appa&rred vigorous and averapd l, � 

to the pound . 

On Febi"ua,ry · 20, an estimated 250,000 fl"-:, were .hauled �n one 

truck mid 200; 000 in the other . The · distance from ·the hatchery to · the 

planting · site, 3 miles above the town of Castell&, 1'88 70 miles . 'the 

fingerlinga appeared to withstand the 3 and 1/2-hour haul with no 111 

effects . Lesa the 100 . dead fish ware observed . and these appeared. to 

have been killed during loading·. 

The Sacramento River flow was high and the temperature · cold 

when the plant ,,_. . Jll&Cle, but the water level · waa  receding from the high 

flows brought about by a storm that hit the area the preceding week. The 

water temperature was 42 °F when the fish were planted and had. a slight 

r-ii greenish cast from snow melt . The strong flow of the river . scattered �rlings . 
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downstream quite rapidly but fair numbers, judged to be the stronger fish, 

were observed in the pool at· the planting site a nd in small groups along 

the shore line for some distance downstream. 

On February · 21, the second hal.f of the allotment was _ planted. 

· The two planting trucks hauled approximately 1501000 fing erlings apiece 

to avoid crowding in ·one truck • . There �re still small fish in the area 

of the first day ' s  plant in the main river, so in 01'.'(ier to spread them 

out _better., , the s econd halt_ of the plant was made in the North Fork or 

· Castle Creek., a tributary that joins the Sacramento River at th e. town or 

Castella (Plate 2 }. 

· There was no · ,q,parent mortal.i ty, du e to transport, in the s econd 

plant and the fingerlings appeared vigorous and healthy. The water tem

perat� in Castle Creek was al.so 42°F at the tim e of planting. 

Characteristics or 1963 Plant 

The 1963 planting allotment from Coleman H�tchery totaled 

1,000., 000 fingerlings., averaging 60 fish to the· ounce. The fi�h were 

transported by two of the Department Is 500-gallon tankers in six loeds 

or, approximately 200 pounds of fish per load. · Two lo�s or fingerlings . 

per day were planted in the Sacramento River., opposite the mouth of Dog 

Creek, on April 9-10· and 11 (Plate 4} . The fingerlings in the 1963 

allotment were vigorous and healthy and :110 dead fish were obsel'V'ed at 

-the time of planting. 

During the second season of study., information gained the f"irst 

year was put to good use.  The poor results obtained tram the first . plants 
. . . 

were considered to have been brought about by a combination or heavy 
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mortality from predation and residualism in the river between the . planting 

sites and the lake. In order to offset the problems encountered the , first 

year, a different planting procedure was initiated for t he second season. 

The .t'ingerlings planted during the 1963 season were fed 30 ·days 

be.fore their release . Rutter (1902 ) found, upon examination of stomach 

contents of fish taken during his Sacramento River studies, that when 

king salmon .fingerlings were planted at swim-up, they were preyed upon 

by inost of the fish in the river. When the finger lings were · fed . .for at 

least 30 days before release, however, they were able to escape predation 

quite well. The 1963 plants were made as close to the lake as was 

possible in order t o  reduce residualism and what predation would occur · 

between the upstream planting sites and the head of the lake. It was · 

anticipated that the ringerlings would not only enter the reservoir quicker 

and in larger numbers, when :mleased farther downstream, but the necessity 

of tyke 'netting would b e  eliminated. 

Field Headquarters and Personnel 

Field headquarters for the study was established at Lakeshore 

Resort at t he upper end of the Sacramento am of Shasta Reservoir. The 

location was approximately 25 miles north of Redding, the closest point 

of supply. The headquarters was located at Lakeshore because it was 

approxuiately half way between the upstream planting sites and Shasta 

Dam. In addition to the good location, the resort offered a sturdy dock 

for mooring the project-• s boats and had gasoline available during the 

entire year in an area that was normally run on . a seasonal basis. An 
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excellent, . paved, boat launching ramp was available at the u. s. Forest 
.. 

Service campground, only a short distance from headquarters. The boat 

launching ramp was found to be indispensable in keeping the pro.ject •s  · 

boats in repair. 

The project was manned by a staff of two biologists and betweai 

two and three seasonal employees. During the first season, only one 

pe:nnanent biologist was assigned to the study, with temporary help being 

aupplied ,fran other projects when available. Tw permanent biologists 

were assigned to the project during the. second season men a regular 

sampling program was initiated. 
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RESULTS 

1962 Study 

The 1962 field program began on February 15 , when the Shasta Lake 

Field Station was activated. SeasonaJ. employees were hired and instructed 

in the use of sampling equipment. The project ' s  fyke nets were prepared 

for :fishing and final arrangements were made for receiving the first planting 

allotment. 

Observations in the Upper Sacramento River 

The 1962 fingerling plants were made on February 20 and 21 �  Imme

diatly after the first plant was made fyke net monitoring began. 

The first fyke net station was established at the town of De1ta, 

'Z7 miles below the planting site. The net was checked at 1400 on February 21, 

for the first time after the initial. plant .  A total. catch of 204 live and 

159 dead fingerling kings were removed from the net. All of the dead fish 

were barely buttoned up and could.not ho1d "their own against the currents 

in the 11 ve car. An evening check on the same day reveaJ.ed no :further fish. 

The fyke net was checked the fol1owing morning at 1100 and a catch 

of 85 11 ve and 5 dead fingerlings were removed. Fram the first observations 

and the ones made during the balance of the season, it was obvious that 

downstream migration of salmon :fingerlings in the upper Sacramento River 

occurs at night or they were able to avoid the fyke net during daylight 

hours. 

One fyke net at a time was fished · fran February 20 till July 9, 

when it appeared that the downstream migrat1on ,was over ('!'able 1 ). Nets 

were fished at three different locations (Plate 2) . A fyke net was fished 

at :Phe town of Delta fran February 20 to February 26, when a reduction in 
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the river flow ma.de it necessary to mcNe to a better fishing site at Riverview. 

The fyke net station a.t Riverview was fished until March 16 , when the net was 

·Jal 
l 

washed away by a freshet . By the time the freshet had subsided, the lake · had !"'I 

risen to cover the Riverview station; consequently ., the fyke net station was 

moved back upstream to a. point 200 yards below the mouth of' Cempbell Creek . 

For the balance of the season, fyke netting was carried on a.t the Campbell 

Creek station. 

A totaJ. of 493 king saJ.mon fingerlings were ta.ken in the fyke 

nets during the study . The majority of the fingerlings ( 99 . 8  percent ) were 

taken in the first nine days after pl.anting. The last noticeable movement 

of small seJ.mon took pl.a.ce between May 23 and June 4 ,  when five fingerlings 

were capturedo A total. of 253 other fish were also taken �n the fyke nets JI 

the most numerous of which were squa.wfish , suckers ., and cottids in that 

order (Tables l and 2 ) . 

Reconnaissance trips for studying fingerling residual.ism, were 

made periodicaJJ.y aJ.ong the Sacramento River from the pl.anting sites to 

n 

n 

� 
! I 

i 

r 

r 

the reservoir from the time of pl.anting until July 17 . King salmon finger- r 

lings were observed swimming about in the area. of the pl.ant in the main 

river for several days a:fter planting, but f'ingerlings planted in North 

Fork Castle Creek disappeared from sight immediately . Subsequent investi

gations showed fingerlings to be hiding under rubble below both planting 

sites and for some distance downstream. 

When the fry were first observed under the rubble , as many as 

ten per rock could be foundJI but as the season progressed they bad a 

tendency to disperse and only a few rocks in an area vould be found to 

be harboring smsJ.l salmon. On March 9, sixteen days after the first 

release , no finger lings were found in the area of the ma.in river plant , 
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TABLE l .. 
UPPER SACRAMENTO RIVER 

l'YKE NET CaTCK BT DAYS 
1""' 

Month I Days : Loo�tion : !lours , No . ot : lf� -i, -t : other 
I : I fished : Salmon ' Trout I Speci es 

iBI 
Pebrua.ry 20-21 Delta 18 363 - 23 

21.22 .. 21 90 - '"! 
II 22-2, " 20 10 " 23-24 " 24 12 -" 24,.;25 " 24 6 - -" 25.26 " 24 1 .. 
II 26-27 (1)  R1 vel'ri ev 24 0 - -
.. 27 - Mal'Cb 1 " 24 ' l 2 

1""' Marob 1.2 " 24 .. - -
II 2-3 ·. ' n  24 .. - -.. ,-4 " 24 - -
n . 4-5 " 24 

!l!lllll " 5-6 .. 24 -.. 6-7 .. 24 - - -. " 7-8 " 24 - - -
II 8-, II 24 
II ,.10 H 24 .. " 10-16 ( 2 )  Net not t1sb1q 
H 16-17 Campbell Creak 24 - - 1 
H 17-18 It 24 - - -.. 18-19 .. 24 
It 19.20 II 24 
n 20.21 " 24 .. - l 
H 21 .. 22 II 24 - - -
It 22-2, II 24 - - .. 

� " 2,-24 " 24 - 1 
H 24-25 .. 24 

.fl 25-26· n 24 " 26-27 " 24 - - l 
lllllt " 27-28 · .. 24 2 .. 1 

H 28 • April 2 Net not fishing ( 3 )  
April 2-, Campbell Creak 24 - .. .. " ,-4 " 24 - 1 2 

ti 4-5 II 24 - - l � ti 5-6 II 24 - - 5 
II 6-7 " 24 - - 2 .. 7-8 " 24 1 - ' 
ti 8-, " 24 - - 4 " ,-10 II 24 - ' -
It 10.11 ti 24 .. - . , 
II 11-12 .. 24 - - l " 12.1, .. 24 - - -

1!11111 .. 13-16 Net not fishing (4) . . 16-17 Campbe1.l Creek 24 - .. -.. 17.18 It . .i 24 ---�· 
18-1, " 24 - - 1 

1"!11 II 1,-20 .. 24 " 20.2, Net not fishing (5) 
It 2)-24 Campbell Creek 24 .. - ' .. 24-25 n 24 - - 2 
II 25-26 II 24 - - -

26-27 ff 24 - - -
It 27 - Ma.Y' ' Net not fishin& (6)  ,_.. Campbell Creak 24 - - l 
II 4-5 H 24 - - 5 ·� " 5-6 " 24 - - 2 " 6-7 " 24 - - ' 
II 7-8 .. 24 .. 8-, Net not fi shing (4) 
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TABLE l 
( Continued )  

l l l Jrours : Month Da,ys Location fished I I 

Ma¥ 9.10 Campbell Creek 24 
II 10..ll H 24 " ll-12 H 24 .. 12-1.3 If 24 
II 1.3-14 H N " llf-15 H 24 .. 15-16 .. 24 .. 16-17 .. 24 .. 17.18 .. 24 .. 18-19 II 24 
It 19.20 " 24 
II 20-21 n 24 .. 21-22 II 24 
II 22-23 n 24 
It 23-N H 24 .. 24-25 n 24 
II 25.26 n 24 
II 26-27 H 24 
It 27.28 .. 24 .. 28-29 .. 24 
II 2,-30 ti 24 .. 30.31 H 24 
" 31 - June l .. 24 

June 1.2 II 24 
II 

� 
ti 24 

II II 24 " 4-5 II 24 " 5-6 II 24 
II 6-7 II 24 " 7-8 II 24 " 8-11 ti '/2 
It 11-12 " 24 " 12-13 " 24 " 13.14 II 24 •• 14-15 " 24 " 15.18 n 72 .. 18-19 ft 2'+ " 1 9.20 II 24 
It 20..21 .. 24 " 21.26 Net not fishing (4) 
II 26-27 Caapbell Creek 24 " 27.29 .. 48 
" 29 • JW7 2 n 72 

JW7 2-, II 24 .. 3-4 .. 24 " lf-5 " 2'+ 
II 5-6 .. 24 
n 6-9 H 72 .. 9 Discontinued tyke netUna for the s eason 

TOTAL of nab taken in tyke net op8l'B.t1ona a 

Salmon - 493 
Trout - 22 
Squawtish • 126 
Suckers .. 65 
Cottids - 33 
Dace - 26 
Chub .. l 
Roaoh • 1 

( 1 )  Moved tyke net downstre&111 t o  n ew  location at Rivel'Vi ev. 
( 2 )  Pyke net washed &W8i)' by freshet. ia� Net pulled out of water becau se no crew on duty. 

Removed net from water -- no crew on duty. 
5 ) R8IIIOYed net from river for repai r.  

( 6 )  Removed net tram river for repair. 
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TABLE 2 

SPECIES OF FISH CAProRED BY 
FIKE NET WRING 1962 SEASON 

SAU«>NIDAE - S&lmon and Trout Family 

Oncorhyncbus tshawytscha (Walbaum) . King salmon. 

Sal.mo gairdnerii Richardson. Rainbow trout . 

C.AmSTOMIDAE - Sucker Family 

Catostcmus occidental.is Ayers . Western sucker. 

�IDAE • Minnow Family 

ptychocheilus grandis (qers ) .  sacramento squawt:tah. 

Heaproleucua symmetricua (Baird & Girard) . ·  Western roach. 

Siphateles bicolor (Girard) . Tu1 chub. 

Rhinichthya oscul.ua (Girard) . Speckled dace. 

CO'l'.rIDAE - Sculpin Family 

Cottua eosua (Girard) . �ffle . sculpin. 

but two fish were observed at Gibson., several :m:ll.ea downat:NUL. On this 

date ., 8JIIIJ.l king salmon were still to be found a short dis�e below the 
. . 

castle Creek planting site ., although much more wary and harder to catch. 

On May 11,  no fingerlinga could be found .in the &1"8& ot tbe 

plants.  On May 16 ., however., 18 fingerli!Jga were seined f'1'Clll a aide ohllllnel 

of castle Creek one mile above the confluence with the Sacramento. BS.wr. 

The last fingerl:Lnga to be recovered. above the tyke .net atatioaa were 

taken wit�: �. se11De in caatie . Creek on May 13 ., when tOU1" �rl.1nga were 
. . . ,; ' 

caught . 

Dl.lr.ing the pariod immediately following · lhe  first plant a.nc1 cl.urine; 

the ensuing S\11111118r months ., the area trcm the pl&ut:l.ng s�te to the head ot 

the: lake was periodic&Uy sampled by direct observations ., both above an4 
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bel.ow the water surface , by seines , a.nd a. back-pack shocker (Plate 2) . 

The use of the smaJJ. shocker unit , however , was restricted to the upper 

reaches of castle Creek because of the limited ra.nge of the unit . Under ... 

water observations were made with snorkl.e gear in the Sacramento River 

from the area of Gibson to the lake . 

Sections of the main Sacramento River were sampled with snorkle 

equipment on July 5 and July 17 . On the first trip three miles of the 

upper area, below the planting site ., were surveyed • .  Nine small. salmon 

were observed in a pool area near Gibson. On the second trip, in the 

area frCID. Delta to Riverview, no salmon were observed but many trout , 

suckers , and squawtish were seen. 

Many reports were received from trout fishermen, during the 

summer a.nd early fall. months , that they took small kings on bait and flies 

in the area between Cs.stell.a and De1 ta.. None of these fish were identified 

by project personnel. , but several catches were verified by other Department 

employees . 

Observations made by Cloudsley Rutter (1902) , in the area of the 

Sacramento River in which our stuey- took place , tend to substantiate our 

findings : 

"After planting, the fr:, begin to dri:t't downstream from one 
resting place to another . If many are planted in one place , . the 
movement downstream is quite rapid, and within 24 hours will be 
scattered evenly aJ.ong the stream below the place of planting. 
Most of them seek the bottom and crowd into crevices between the 
pebbles or behind l.arge boulders . Others find their way- into 
quiet water aJ.ong the edge of the stream, where they remain exposed 
to view. After a few hours of moving about they became quiet , 
retaining their places for several. days . The fry begin feeding 
and start their downstream migration as soon as the yolk is 
absorbed and they are abl.e to swim. The fr:, dri:t't downstream 
tail first , · traveling mostly at night and averaging about 10 
miles a day. " 
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Mr .  Rutter further stated that faJ.1-run downstream migrants 

passed the Bal.ls Ferry area, between Redding and the mouth of Battie Creek, 

between January 6 and April 25 . 

The fish used in our first plant were from a late egg take �t 

Keswick Dam. Cold weather throughout the winter slowed the developnent 

of the eggs and larvae in the hatchery and when they were planted, the river 

was very cold from snow melt . Considering aJ.1 the factors , it is no wonder 

that there appeared to be a larger population of residual fish in the _ river 

than was anticipated. Mr.  Rutter ' s work also showed that there was litt1e 

downstream migration between May and December. Our studies showed that 

as the river water temperatures rose , the young kings that had not migrated 

left their hiding places in the ru.bble on the stream bottcm and also sought 

out the pool areas where they were to be found throughout the summer and faJ.l . 

Observations in Shasta Reservoir 

The program was delayed at the beginning of the first season because 

the sampling equipnent was n� ready for use by the time the saJ.mon finger

lings were planted. The gill nets were not received frcm the supplier until 

ten days after the plant was made and the trap was not complete for an 

additional three months . 

Gill Netting. Gill nets produced genere.1.ly poor catches through

out the st� and, although seven different species of' fish were taken the 

first season, only one king salmon fingerling was causbt (Table 3) . Bluegill 

were taken most . frequently, with squawfish, dace , and green sun:fish fallowing 

in that order . The gill nets were always set with their smaJ.J.est mesh size 

close to shore , which � account for the largest catches being made in- the 

3/8- and .5/8-inch sections . 
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The 3/8-inch st retched-mesh nets were tested to determine their 

ability for catching small salmon, after no fish of any kind were caught 

during t'he first �ek of fishing . Kirig salmon fingerlings , for the study, 

we·re collected in the planting area of Nor�h Fork Castle Creek and 

placed in a test tank �t project headquarters . The fingerlings were 

slender and averaged 35-mm FL. These small fish, typical of small 

salmonids that have nc>t fed for any length of time , had bodies the same 

diameter or slightly smaller than their heads. A section of one of the 

3/8-inch glll nets was hung across the middle of the test tank and the 

fingerling& were forced to swim through it. Subsequent observations 

revealed that the fingerlings could swim through the net with relative 

ease . 

No further tests were conducted to determine the fish catching 

ability of the gill nets as this was determined by other species of fish 

that were periodically caught . However, the size of the fingerlirigs that 

were collected at the planting . sites and in the fyke nets was carefully 

noted so that gill nets of the proper mesh size, as determined by Rees 

(1957) were being fished . 

The only kirig salmon fingerling taken in _ a  gill net during the 

study was captured on June 8, 1962, almost 3 and 1/2 · months after being 

planted . The fingerling was 84-mm FL and was taken in a 5/8-inch stretched• 

mesh net set approximately 1/2 mile below Trap Site No. 1,  on the north 

shore of the reservoir (Plate 4) . The fingerling was taken 10 feet from · 

shore, at a depth of 5 feet in a surface net , and was traveling in a 

downstream direction. 

Debris and large fish caused considerable damage to the smali 

mesh nets , because of their light-weight construction, and much fishing 

time was lost while they were being repaired . Many of the holes in the 
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TABLE 3 

NUMBERS OF FISH CAUGH'l' WITH GILL KE'l'S IN 
SHASTA �OIR, BY SPECIES AND MBSH 'SIZE 

1962-63 

Mesli size 
Species . . • . . • 

3/8 : 1/2 . 5/8 • 3/4 . l : 1-1/4 • • . • . . • . . • • . • 

King aaJ mon (fingerlings) 0 0 1 0 0 0 

Rainbow trout 0 0 0 0 0 3 

0 0 0 0 2 0 

Squawfiah 9 0 25 3 4 0 

BluegUl 5 0 59 4 l 0 

Dave 10 0 0 0 0 0 

Threadf'in shad 0 0 0 0 73l 63() 

Suckers 1 . o  0 0 0 0 

Largemouth baas 0 0 l l 0 0 

Green sunfish 0 0 1 0 0 0 

Gal.den shiner 0 0 l 0 o· o· 

carp 0 0 0 3 0 0 

NOTE: 3/8 and 1/2, 5/8 and 3/4-inch nets used during 1962 season; 
5/8 and 3/4, l and  l-i/4-inch nets used during . 1963 season. 

'?otaJ. 

1 

3 

41 

69 

10 

1, 361 

2 

7 

1 

3 

nets could have been ca�ed by large predators prey1J18 on tbe catch of small 

fi$h. The relll.dos of mal.l,; · 'dace and-' squawfish were �d f'ran badly torn 

sections of 1-he •ts on· �"· '9<:casions and this could pPS&ibly account for 

the absence of small s� i1(:the catch. 

The waters of t.he Sacramento arm of Shasta Reservoir a.re normally 

clear, except during periods of heavy runoff. The proJect 1 s · g111 nets were 

dyed various colors in an attempt to increase their fish-catching ability • 
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A light green color was determined to be the best net camou:flage , but even 

after being <4'ed the catch of the 3/8 .. and 1/2-inch nets did not increase 

significantly. 

Trapping. The first lake trap was. not completed before the surface 

waters of' Shasta Reservoir began to warm; consequently, the primary objectives 

of' the trapping operation were changed. The warm upper layers of' the reser

voir precluded the posstbility of the trap taking Jll8ey' salmonids, therefore , 

the first season was dedicated to perfecting trapping techniques . 

Lake trapping began in May and continued until August 1962. Two 

trap locations were fished the first season . Trap Site No . 2 was fished 

from May 24 witil July 12, and Trap Site No . 7 was fished from July 13 until 

August 24 (see Plate 4) . 

The prediction that few saJ.monids would be caught the first season 

was borne out when only two rainbow trout and no salmon were taken (Table 4) . 

A total of 12 different species of fish were captured, however, · which allowed 

"'project personnel to develop good trap fishing techniques (Tables 4 and 5 ) .  

Trawling. Tre.wli:ng with the experimental mid-water trawl produced 

unsatisfactory results . The small mesh size of the net , c®:,Pled with the 

heavy materials used in construction, offered too great a resistance to the 

water. Maximum speed attained., with the trawl fishing properly, was 

three-fourths mile per hour . When the trawl was towed in excess of 

three-fourths mile per hour, a noticeable pressure wave built up in front 

of it and the net became unsteady. 

Mid-water trawling was never conducted on a regular schedule , but 

only on an experimenteJ. basis . The catches were camposed, primarily, of 

larvel and juvenile centrarchids and thread:f'in shad. When mid-water tows 

were made through areas lmown to contain large concentrations of fish, · 
' \ \ 
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Species I 

I 

Threadtin shad 

King salllon 

Kokanee 

Brown trout 

Rainbov trout 

Dolly Yarden 

Suoker 

Carp 

Golden shiner 

Sa0n1.111ento blaoktish 

Jfardhead 

Sacramento squa.vtish 

White oattish 

Bl'OIIII - bwlhead 

Blaok bullhead 

Sme.llaouth bass 

Largemouth bass 

Green sunfish 

Bluegill 

Sunfish i\Ybrids 

TABLE 4 

NUIIBERS OF FISH TAKEN IN SIIASTA RESERVOIR FLOATING TRAPS, 

>hy 
I 
I 

1 

-

l 

9 

1 

1 

-
28 

.39 

-

-
1 , 005 

BY SPli:CIES AND FREQUENCY OF OCCURRENCE DURING TIIE 
1962-6.3 FIELD SEASONS BY MOHT!I O.F CATCI'! 

12l:2 • 
June1 July 

.31 .348 

- -
-
- -

1 1 

- -
25 

58 'J2 

1 4 

-
41 -
48 56 

- -
3 l 

-

6 18 

4 31 

978 2,405 

'J 

I 
I I I I 
1August I Total : Mar. : 

1 , 181 1,561 107 

1 

-

3 15 

-
'J4 3 

6 97 l 

- 6 

-
- 69 l 

5 148 12 

-
4 -

2 

9 'J.3 15 

1 2  47 1 

1,094 5,46 2 101 

' 

April 

14,861 

'J,'J42!/ 

171 

2 

74 

36 

44 

8 

.38 
56 

'J 

3 

9 

1 ,062 

. l 

121:l 
: 

Ma.y : 

479,098 

1.3 

55'J 

3 

29 

l 

69 

131 

15 

21rJ/ 

'J2 

6 

19 

1 

2 

12  

24 

1,.317 

.. 

!/ The est1-ted 11200 tey that escaped through the tl'Bp webbing are no:t. included. 

Z/ Soae llix1ng of hal'dheada and blaokt1sh. 
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: June : . Total : 

6,8.30 500,896 � 

,,956 

- 7.30 iai 

5 

- 118 
-

- l 

6 114 

4 180 

- 23 

l 
25J/ 

I 

. 4  lolf. 181 
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1 23 1911 

- l 

- 4 

8 38 

l 35 191 
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TABLE 5 

SPECIES OF FISH TAKEN BY 
FWATING TRAPS IN SHASTA RESERVOIR 

1962-63 

a.LUPEIDAE - Herring Family 

Dorosoma petenese (Gunther) . Threa.df'in shad. 

SALMONIDAE - Ba.1.mon and Trout Family 

Oncorhynchus tsbawytscha (Walba.um) . King salmon .  

Oncorbpchus nerka kennerlYi (SU.ckley) . 

Sal.mo trutta. Linne . Brown trout . 

Sal.mo pirdnerii Richardson. Rainbow trout . 

Sal velinus mal ma (Wal.be.um) . Dolly Varden. 

CATOSTOMIDAE - Bucker Family 

Qa.tostamus occidental.is �s . Western sucker. 

CYPRINIDAE - Minnow Fam1ly 

Cyprinus carpio Linne . Carp. 

Notemigonus crysoleuca.s (Mitcbill ) .  Golden shiner . 

Orthodon microlepidotus (Ayres ) . Sacramento blackfish. 

MYJ.opha.rodon conocepbalus (Baird and Gira.rd) . Hard.head. 

Ftycbocheilus grandis (Ayres ) .  Sacramento squawfish. 

ICTALURIDAE - Catfish Family 

IctaJ.urus catus (Linne ) .  White catfish . 

Ictel.urus nebul.osus (Le SUeur) . Brown bullhead. 

Ictal.urus melas (Rafinesque )  o B.1.ack bullhead. 

CENTRARCHIDAE - Sunfish Family 

Micropterus dolamieu Lacepede . SmaJ Jmou.th bass . 

Micropterus seJ.moides (Lacepede ) .  Largemouth bass . 

Lepomis cyanellus Rafinesque . Green sunfish. 

Lepomis macrochirus Re.tinesque . Bluegill . 

Al.so bluegill-green sunfish hybrids . 
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normaJ..ly few were taken. The general. consensus drawn from the mid-water 

trawl experiments was that most fish could avoid the trawl with ease . 

Semi-ball.oon trawls used in the stu� captured no saJ.monid.s . 

However , they produced better catches than the mid-water trawl . Tll,e 16- foot 

trawls took more fish tban the 24-foot model because the large trawls 

re:peatedJ.y hung up on the rough bottom. Trawl tows were made with the 

aid of a recording fathometer . The bottom trawls normal.ly ma.de catches 

when fish were evident on the fathoxneter cha.rt and when no fish were 

detected by the fathometer , rarely were any ta.ken . The semi-ba.l.loon trawls 

were towed both on the bottom and at mid-water depths , w1 th the best 

catches being made on the bottom. 

A ten minute tow, made in 40 feet of water,  on July 25 , 1962 ,9 

produced a catch of 36 fish which c onsisted of : five bluegill fry 1/2-inch 

long, one green sun:fish 1/2- inch long , three bluegill 3 - 4 inches long , ten 

suckers 3 - 4 inches long , two squa.wfish 6 - 7 inches long, one largemouth 

bass ll inches long, and fourteen carp 12 - 24 inches long . 

Limnological Observations . A linmologicaJ. program was planned 

to run concurrently with the biological studies but it never materialized, 

due to a lack of fu..'1ds and personneL Instantaneous temperatures were ta.ken 

in the reservoir intennittently throughout the summer , but no formal program 

was followed .  A ther.mograph was install.ed on March 28 , in the Sacramento 

River above the reservoir and was operated until October 3 ,  (Table 6 ) . 

It was located above the mouth of Dog Creek, a short distance upstream from 

the Campbell Creek Fyke Net station . The unit ' s  thennocouple was secured 

between boulders in fast water 3 feet from shore and at a depth of 3 feet . 

Temperatures were taken concurrently with the operation of the fyke nets : 

so that the temperature preferences of the downstream migrants could be 
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TABLE 6 

SACRAMENTO RIVER WATER TEMPERA'l'ORES, _ 1962 . 
TIIERMOGRAPH LOCATED 100 FEET AaOVE_ MotmI OF DOG CREEK 

. .  March . AJ!ril · _ . 
Maz June . I · - . . 'lemperature : Temperature . Temperature Temperature Da y • 1n . deg?"eE?S F . 1n degrees F . - • . . · in degrees F in desrees F . . I . 

: Max. : . Mean : Min. : Max. . · Mean ·: Min. : Max.·. . Mean : Min . Max. Mean Min . . 
1 49.0 46 .• 5 , 44.o 53 .0 51.0 49.0 59.0 56 .0  53 .0 
2 --- 55 .0 52_. 5 50 .0 57 . 5 56.0 54.o 
3 55 .0 52 .5 49.5  55 .5 53 . 5 51 .5  --- 53 .5 51.0 ltB.o 54.o 52 . 5  49.5* 5 54. 5 51 .0 ltB.o 57 .0  53 . 5  50 . 5 6 --- 53 .0 51.0 49.0 59.0 56 .0 53 .0 
7 51 .0 53 .0 51 .0  49.0  60 .o 57 . 5  54 .5  
8 50.0 47 . 5  45 .0* 52.5  50. 5 48 .5 61 .0 58 . 5 56 .0* 
9 49.0 46.o 43 .0 49.0 47 .5 - 46.5  63 .5  60 . 5  57 . 5  
10 49.0 lt6.o 43 .0 49.5  i.a.o 47.0 63 . 5 61 .0 59 .0  
11 50 . 5 47.0 44.o 52.0 49.5 47.0 63 .0 60 .5  - 58 .0 

I 12 51 .5 48.5 45 .5 _50 .5 49.0 47.0 63 . 5  61 .0 58 . 5  
13 50 .5 48.o 45 . 5  50.0 49.0 48.o 62 .0 60 .o 58 .0  
14 52 .0 49.0 46.o 50 .5 48.o 46.o 61 .0 59. 5 57 . 5  
15 50 .5 48.o 45 .0 51.0 49.5 47 . 5 63 .0 60 . 5  57 . 5  
16 50 .0 47 .5 44.5 53 .0 49.5 lt6 . 5  65 .0 62 . 5 59 . 5  
17 51.0 47 . 5  44.5  55 .0 52 . 5 50 .0 66 .o 63 . 5  61 .0 
18 50 .0 lq .5  45 .5 55 .5 53.0 51.0 67 .0 64 . 5  62 .0 
19 49.0 46.5 44.o 54.o 51.5 49.0 68 .. 5 66 .o 64 .o 
20 1'8.5 45 .5 42.5 50.0 47. 5 45 .5  69.0 66 . 5  64 .o 
21 51.0 47. 5- 44.5 54.o 50 . 5  47.0  10 .0 67 . 5  65 .0 
22 53 .0 50 .0 47.0 52.5 51.0 49.5 70 . 5  67.0 66 .o 
23 52.0 50 .0 47.5 52 .. 5 51.0 49.5 70 .0 67 . 5  65 . 5  
24 50 . 5  49.0 46.5 52.0 50.5 49.0 70 .0 67 .0 65 .0 
25 50 .5 48.o 45 .0 51 .0 50 .0 49.0 70 .5 68 .o 65 . 5  
26 51.0 . i.a .5 45 .5 54. 5 52 .0 49. 5  70.0 61 .0  64. 5  
27 50 .0 47 .5 45 .0 57 .5 51J..o - 50 .0* 70 .0 61 .0 64.o 
28 47.5 lt6.o 44.5 42.5  54.o . 53.5 53 .0 70 .5 68.o · .64 .5  
29 lfB.o 45 .5 43 .0 - lfB.5 45 .0 42.o 58.5 55 .0 52 .0* 10 .0 61 .0 64.o 
30 48.o 45 .5 43 .0 50 .0 47.0 44.o 58.0 55 .5 53 .0 69. 5  61 .0 64 .o 
31 - 49.0 le6.o 43 .0 58.0 55 .0 52 .0 

* Indicates days 1n which KS were taken 1n fyke net or gill net . 



Ju!i 
. . . Temperature Day : in degrees F . 
. : Max. : Mean : - Min • 

1 70 .5 
2 70.0 
3 71.0 
4 71 .5 
5 73 .0 
6 73 .5 
1 73 .0 
8 74.o 
9 74.o 
10 11t..o 
11 74.o 
12 74.o I 13 74.5 
14 72.0 
15 72.5 
16 73 .5 
17 74.5  
18 74.o 
19 75 .0 
20 75 .0 
21 74.5 
22 75 .0 
23 75 .0 
24 76.5 
25 11.0 
26 · 78 .0 
27 78.5 
28 78.0 
29 76.5 
30 77.0 
31 . '11 .o 

. ·-: 1 : ·�- - J .-.-..: J . � 1 

f,7 .o . 64.o 
61.0 64.o 
67 .5 · 64.o 
68.o 64.o 
69.5 66.o 
70 .0 66 .o 
69.5 66.o 
70.5 67.0 
70.5 67.0 
70.5 67�0 
71.5 61.0 
71.5 67.0 
10.25 66.o 
69.0 66.o 
69.0 65 .5 
69.5 66.o 
71.0 67.5 
10.5 67.0 
72.0 68.o 
11.25 68.5 
71.0 67.5 
71.25 67.5 
72.0 68.o 
72.5 68.5 
73.0 69.0 
11t..o 10.0 
74.5 70.5 
74.5 · 11 .0 
73 .5 70.5 
73 .0 69.0 
73 .5 69.5 

August . 'l'emperature . . in degrees F . 
: Max. . Mean : . 

77.0 73 .5 
76 .0 73 .0 
70.0 69.0 
71.0 68.5 
72.5 69.0 
71.0 68.5 
68 .o 65 .5 
62.0 61 .0 
64.5  62.5 
69�0 6; .5 
72.0 68.o 
73 .5 TO.O 
74.o 10.0 
14.o 70.5 
74.5 70.5 
7Ji..o 10.5 
74.5 n.o 
74.5 71 .0 
74.5 71.0 
75 .0 70.5  
75 .0 71.5 
1i..o n.o 
73 .5 70.0 
73 .0 69.5 
73 . 5 69.5 
73 .5  69.5 
71.5 · 68.o 
70.5 67.0 
70.5 67.0 
70.5 66.5 
71.0 67.0 

'!'ABLE 6 
(Continued) 

Min. 

70 .0 
70 .0 
68.o 
65 .5 
66.o 
66.5 
62.5 
6o.o 
60.o 
62.0 
64.o 
66 415· 
66.'5 
61.0 
67.0 
67.0 
67.5 
67.5 
67.5 
66.o 

. 68.o 
68.o 
66.5 
65 .5 
66.o 
66.o 
65 .0 
64.o 
63 .5 
63 .0 
63.0 

. . SeJ!tember 
Temperature 

1n d;zrees F 
Max. : an : Min. 

71.0 67.0 63 .0 
72.0 67.5 64.5 
72.5 69.0 65 . 5 
72.0 68.5 65 .0 
72.0 68.5 65 .0 
72.5 69.5 66 .o 
72.0 69.0 66 .o 

Inopera- 68.5 65 .0 
tive ---
67.5 65 62.0 
68.5 65 .0 62 .0 
69.0 66.o 62.5 
68.o 65 .0 62.0 
68.o 64.5  61.0 
68.5 65 .0 61 .5 
69.5  66.o 62.5 
69. 5  66.o 62.0 
67.5 64.5 61 . 5 
65 .0 62.0 59.0 
64.5 61 .0  57 . 5 
65 .5 62.0 58.0 
66.o 62.5 59.0 
66.o 63 .0 59.5 
66.o 62.5 59.0 
65 .0 62.0 59.0 
64.5 61.5 58 .0 
60.5  59.5 58.0 
58.0 56 .5 55 .0 
60.o · 57.0 54.o 
62.0 59.0 56 .0 

. October . 
'l'emperature . in de�rees F . 

: Max. : Mean : Min • 

63 .0 60 .0 57 .0 
63 .0 60 .5 58 .0 
61.0 58 . 5 56 . 5 

. . J J 
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measured. The last two king saJ.mon .;fingerlings were taken in the tyke net 

on June 4,  �n the minimum river temperature was 49. 5°F and the maximum 

was 54°F. The last :fingerling to be taken during the season, however, was 

taken in a gill net in the upper end of the reservoir when the river 

temperature ranged between 56-61. °F .  Unfortunately, the lake surface .temp

erature was not recorded when the fingerling was taken and there was no 

wa.,y of knowing how long the fish had been in the reservoir before being 

captured. 

General. Observations . Visual observations were made throughout 

tbe reservoir · during the 1962 aeuon .. Sma.U salmon were observed on ·cmly 

two occasions, May 30, and June 4.  On these two dates ,  s-.1.l schoal.s of 

tingerliDgs were observed feeding on a hatch of tiny � nies in the 

reservoir above R:l verview. The schools were very wild and could be 

approached only with difficulty. '1'he clarity of the. water, however, 

enabled a positive identification of the young salmon to be -.de .  

Predator stamachs were exam1 ned during the first .year of the · 

study, but no king salmon remains were ever identified. Many of the stomachs 

examined were empty, but the ones that held fish remains moat often contained 

small squawf:lsb, . dace , a.nd bluegill . 

During the month of November 1962, the U.  S.  A:rlD3' Corps of 
. . 

Engineers conducted fish passage experiments at the Sbasta Dam powerhouse • 

Marked king aa1 mon and rainbow trout t:lngerliD8& were introduced into 

the penatocks above the powerhouse and recovered in fyke nets in the 

turbine tailraces . At . the time of the experiJllents , the water vaa approxi• 

•tel'Y 200 feet deep over the penstock intakes .  Ma.IV' cl1ttere:nt species 

of fish, present :ln _ the reservoir , were recovered in the f.yke nets , 'bU't .  

no W'JIIIB.rke<l king M.1 mon . fingerlings · were taken. 
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All field work was suspended. at the end of August 1962, tor lack 

of tunda. The equipnent was stored and the aeaaanal. help was d1ac�d. 

1963 Study 

When the contractual. agreement for the Sbasta Lake st� was: 

received fran the Bureau of C�rcial. Fisheries on January 22, 1963, work 

was reauad :l.lllmediatel.y on the field program, idle since the preceding 

Augwat. 

. · 9le Shasta Lake Field station was reacti 'Vated on February 20, 

and the original lease was expmded to iDclude a warehouse to be usecl u 

a 8hop and. tor the storage ot equipaent. 91e project waa atattecl by the 

encl ·of Febru&l'7 and the proJect waa 1n full o,emtion OD Ml:rch 1. 

Equipaent �cl. 4ur1ng the f1rat 19ar was surveyed. for ,damap,anct . ' 

repairs were made where necessary. · !he :f'loa.ting tmp required. comiderable 

work to make it fiahable again &tter being .atore4 in the OJeD cl\lZ'1Dg tile 

A second fl.oa.t1ng trap was constructed, iacorporating dea:l.gn changes 

dewloped during the first seaaon of t�pping (Plate 3) . 9- new trap vu 

f1n1abed &Del launched 1n the lake by the middle of March. The new trap ancl 

tbe one built c1ur1ng the firat season were outfitteci an4 were both tiabing 

by March 2:7. Every effort was :made to have ·au equipaent re� by the· 

time the f1rat pl.anting allotment was received. 

'1'he proJect•a  fl.ost1ng traps were fishing tor tw ·,aeeJra prior to 

the 1963 fingerling plants. A yearl.ing king aa.lmon, 5-1/4 iDCbea fork 

length, was taken at Trap Site Ro. 2 OD March 31, five cJaya after the 

tr&P,& were set;. (tl.'able' 4) . 9le yearling, preaUDBb1y one of the J.962 pl.ant, 
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was heal.thy and robust . It was impossible to determine if the yearling, if 

it was one of the previous plant , was a late mi.grant out of the upper river, 

or had been a lake resident . The traps were fished for 3 months after the 

yearling was taken and, al.though � salmonids were caught , no more fish 

frcma the o�igina1. plants were observed. 

The project ' s  traps were set at Site Ko. 2 and Bo. 4 during the 

first week of the 1963 season. The lake level was rising quite rapidly 

during this period because of heavy and prolonged � in the area, 

and after l week the trap fishing at Site Bo. 4 � moved upstream to 

Site Bo . 3 (Plate 4) . The 1963 planting site was located approximately 

l and 1/2 miles above the head of the reservoir, which al.lowed the finger

lings to orient themselves to the river current before encounter1ng the 

slower velocities within the 1.mpoundment . An appreciable current was 

still evident at Trap Sites 2 and 3,  located approximately 4 miles below 

the planting site (Table 7) . On April 10, 24 hours after the initial. 

.· release � l. ,136 king salmon fingerlings were removed frcma the trap set at 

Site 2 .  An additioml. number,perhaps ha.1.f again as � as were recovered, · 

escaped through the aides of the trap when the webbing was lifted to remove 

the catch (Table 4) . King salmon fingerlings were �bserved in the trap 

fishing at Site 3 on the ... day, but they all escaped through the 

webbing . before they could be recovered. The main current coming down 

the reservoir at this · point fa1.lowed the old river channel and crossed 

from the west to the east bank 100 yards above Trap Site 3 .  'l'be majority 

of the fingerlinga , at this point , were evidently still fa1.lowing the 

river current . 

On April ll ,  the morning following the second plant ,  a total. 

of � , 517' � salmon fingerling& were removed fran the traps w1 th aJ.l but 
. . 
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TABLE 7 

THE DISTANCE IN MILES BETWEEN PLAlfl'ING 
Am> TRAP SI'l'ES, SHASTA LAKE 1963 

Trap site number 
. 

Miles . . 
1 2. 5 

3 .7 

3 3 .7 

4 3 .7 

5 8. 4 

6 10.8 

13 .6  

8 llt..6 

9 16.8 

10 . 23 .7 

11 22.1 

12 29.8 

1� 29.8 

BOJ.'E: Distances measured on Kennet Reservoir Site Survey sheets scaled 
at 5-5/16 inches per mile. Theoretical migration routes were 
followed down both sides of the reservoir, parallel to the high 
water line, with a map measure. 

130 fish again being removed frcm t• trap an tbe east aide of �  reser

'VOir. an:::,.pru 11., as an the previous day, 1arge numbers or f1Dger11ngs 

were observed escaping through tbe trap webbing. On the day fGUov.lng the 

last pl.ant only 611.l. fingerlinga were removed fl"Olll the traps. · On April 12, 
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however, the majority of the fingerl.ings were taken in the trap at Site 3,  

for no apparent reason. On April 1.2,  as on the 2 previous days, the trap 

catches consisted of only the l.arger fingerl.ings. 

A severe storm, that l.asted from April 1.2 to 14, caused extensive 

damage when wind-driven debris tore large holes in the trap webbing. During 

this period the catch began to decl.ine until a low catch of 32 fingerlings 

was reached on April 16, indicating that the majority of the migrants had 

passed the trap sites . 

On April 16 , the trap fishing at Site 3 was moved down the reser

voir approximately 5 miles to Site No. 5 .  The first fingerling was observed 

entering the trap as the final. adjustments were being made, at 5 o'clock the 

same afternoon. The fingerling was sw:lmming at a depth of 8 to 10 inches, 

l foot out from the inside of the right wing, when first noticed, and was 

moving at a slow, steady pace. The fingerling foll.owed a.long the wing of 

the trap and entered the pot section without hesitation. 

The catch at Site 5 on April 17, was 37 fingerlings while the 

catch at Site 2 was 44 fingerlings . The trap at Site 2 was moved down 

the lake to Site 8 on April 17, a distance of approximately 10 miles. On 

April 18, four fingerlings :were removed from the trap at Site 5, but no 

king sahnon were caught at Site 8 .  On April 19, however, the trap at 

Site 8 produced two fingerlings and one fingerling was removed from the 

stomach of a.n 8-inch rainbow trout taken in a gill net set on the west 

side of the lake opposite the trap. 

The traps were fished at Sites 5 and 8 for approximately 1 week, 

and during this period the trap on the east side of the reservoir caught 

an average of 15 fingerlings per �, while the trap on the west side of 

the lake averaged just under 50 fingerlings . At Trap Site 8 the w.ter was 
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very · clear and . the . fingerlings taken there were vary. The fingerlings 
. . 

taken at the upper sites ., where the water was mur� frcm spring runoff ., 

were very quiet and easy to remove from the traps ., but within a period of 

l. month in the clearer water of the lower lake they bad become very nervous 

and would sound to the bottom of the trap when the slightest shadow passed 

over them. 

The trap fishing at Site 5 was moved down the reservoir to Site 

No . 9 on April 22 ., approxiDBteJ.y 17 miles below the pl.anting site , On 

April 23 ., the trap fishing at Site 8 was moved. down the lake 9 miles to 

Trap Site No, 10., a distance of al.moat 24 miles below the pl.anting site . 

'l1le project ., with cmJ.y two traps ava:Llable, could. not attempt; to determim 

at what time the :majority of the fingerling& passed. a given point , · except; 

at the first stations . The main objective of the stwv- was to keep the 

traps ahead of · the main b� of migrants , to assess their migration speed., 

and. to d.eterm:lne on which 11icle of the reservoir the D&jority of_ the migrants 

were traveling. The catches from the tvo sides of the reservoir ., although 

they w.ried trcD day to day., indicated. tba.t the largest number of finger

lings moved clown the west shore . 

The 1n1 t:lal. movement of k:l,ng salmon fingerl.inga stopped on April 25 . 
. . 

•: 

The weather between April 25 and 30 was warm � cl.ear., which caused the 

surface temperature of the reservoir to rise appreciably. However, a 

storm ·blew into the area on April 30, and for the next week the sq was 
. . . . . . 

heavily overcast with occasi"OD&l. rain and strong wind. The cool weather 

lowered the surface · water temperature of the lake ., · and on M1Q' 2, one 

fingerling was captured in the trap fishing at Site No .. 10. On - 3, 

the trap at Site No. 10 was npved back up the reservoir to Site No . 6 ., 

where it took i'ingerlings on May 6 ., 1,  8., and 10., at which time they again 

disappeared from the catch. · 
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The trap fishing at Site No . 9 was moved down the lake to Site No. 11 

on April 26, and when no fingerlings were taken the trap was moved to Site 

No. 13 near the west abutment of the dam. When no fingerlings were taken at 

Site 13, the trap was moved back up the lake to Site No. 12, where · it �ished 

until it was taken out of the lake for the season. The dam was spilling from 

May 7 to June 7, while the trap was fishing in the area, but there was no 

indication that the young king salmon attempted to leave the reservoi r. 

During the month of May, reports were received that anglers were 

taking yearling king salmon with hook and line in the upper end of the 

Sacramento arm. On May 23, in an attempt to take some of these fish, the 

trap fishing at Site No. 6 was moved up the lake to Site No. 1. This last 

move, like later sets in the lower end of the reservoir, produced no additional 

king salmon fingerlings. 

The last king s almon of the season was taken on May 10, but kokanee 

continued to be taken in good numbers up until May 20, when they too dropped 

from the catch. The last salmonid to be taken in the study was a rainbow 

trout, captured at Trap No. 1 on May 24. In all, 20 different species of 

fish were taken during the second season of trapping on Shasta Lake ( Table 4) . 

Threadfin shad replaced the bluegill as the dominant species in 

the catch during the second season. During the period from May 20 to 24, 

catches of shad were extremely heavy, and on May 22, the catch in the trap 

at Site No.__12 was estimated to have exceeded 2,000 pounds. It became 

exc eedingly difficult, with catches of this magnitude, to separate different 

species in the catch unless they were large specimens. On May 28, the 

temperature range through the fishing depth of the trap at Site No. 12 was 

64° to 72°F; well past the range .favored by salmonids. Therefore, on May 29, 

the trap was towed back to headquarters for dismantling and storage. 
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Gill Netting 

During the second gill netting season, the J/8 and l/2-inch stretched

mesh nets were not us ed. It was felt that more infonnation could be gained 

by fishing nets large enough to capture the predator speci es than by trying 

to catch the small fingerlings of the 1963 plant, a large precentage of which 

could slip through 1/2-inch mesh webbing . Threadfin shad dominated the gill 

net catch during the second season (Table 3 ) ,  and were found in all areas of 

the reservoir and at all depths fished. The project gill nets were fished 

from the surface to 40 feet during the second season a nd again the clarity 

of Shasta .. Reservoir water was considered to have been the cause of the limited 

catch. The few rainbow trout and kokanee in the catch were taken when the 

water was murky from spring stoma. 

Trawling 

Little trawling was done during the 1963 season, due to mechanical 

failure of the engines on the large boat and the long distances between 

headquarters and the trapping sites, which required much traveling time. 

After the lower trap was removed from the lake, however, some time was spent 

on designing a suitable mid-water trawl for the stuqy. It was determined, 

from our work that a 15-foot square trawl could be  handled by the project 

boat, but before a new trawl could be constructed and tested the project 

was discontinued. 

Limnological Observations 

No regular limnological program was started in 1963 because or 

insufficient funds and personnel. Temperatures, however, were taken at 

both floating traps with maximum-minimum thermometers during May and June. 
. . 

The s�face temperatures of Shasta Reservoir ros e steadily during the 
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month of May, and by May 23 , the daily temperatures at the traps , at a 

depth of 16 feet,  ranged from 62 ° to 70 °F .  

With a rise in  surface temperatures ,  the catch of salmonids 

began to decline with a subsequent rise in the catch of warmwater species . 

Water temperature measurements taken from headquarters dock on May 28, 

showed stratification had taken place (Figure 7) . The maximum and minimum 

temperatures at the traps from the surface to a depth of 16 feet on May 28, 

ranged from 72 ° to 64°F at Trap Site 1,  and from 74° to 66 °F at Trap Site 12 . 

FI G U RE 7 

Tem pe r ature · p rof i l e  at he a d qu a r t e rs 
do c k  M o y  28,  1 9 6 3, su r face  to 100 f t. 

WAT. E R T E M P. ° F 
4 55  65  0 ,........._ .................................................. � .............. .-...� ........ � 

L&J 
50 LL 

z 

L&J 
o l OO 
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On June 10, temperature profiles were run at seven different 

points on the Sacramento River arm of the lake (Plate 4 and Figure 8) . 

The plotted temperatures taken on that day show that a deep thermocline 

was established. The depth of the. thermocline �s further established 
. . . . 

by sport fishermen, during. this period, wtien they found it necessary. 

to troll at a depth of from 50 to 75 feet to take rainbow trout, brown 

trout, and king salmon they had previously been taking at . shallow ·depths. 

During the period that the project ' s  traps .had been. taking •almon�ds, 

anglers had also been taking them ai; a�allow·depths. . ' . . · ' ., · :- , ,  . : · .  

King salmon . taken by angler's 'lie� 4�termined to be 1 and 1/2 

years old. It 1s not known- definitel;
y
: 'at)t)lia . time wheth,er these fish .... . . .  ';' .  - ... ,·. . 

came from our artificial plan.ta or fr� 'r,ia.;(� reproduction by khlg aaimon 

planted in the reservoir in 1958, a:e thtt�;:.�a , a great disparity in size . 
. . . · :-, ·. i • 

between these fish and the yearling t��. i�; the trap on March 31. 
-. . ''·'. _ ... ' • • . :·.•-: .: .  

In the lower .end of the re.-�ii" atrong currents were otten 
. . ' . . :·::)_!::,,·, :··· : . :

,'
.".° ! 1 ·� ·  . '' ' ' 

', ' ; 

Sacramento River. · The ·. exact ,cause ; �f these·. cur�:rits ltas not determined, 

but it could have been a combination ·ot' wind and the density currents of 

the other arma mingling with those of the Sacramento in the area wpere 
i'l 

they join. It was in the lower end of the Sacramento arm of the reservoir 

Where contact was lost with the fingerlings. It would be interesting to 

know what part t.,ese c11rrents played in the downstream movement of the 

fingerlings. 

Predation 

A study was made. of predator stomachs to determine the :food 

habits of the f'ish in Shasta Reservoir. Most of the stomachs examined 
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came· from fish taken in the floating traps. The stomachs of most of the 

fish taken in the gill nets were empty w1 th few exceptions. The only 

king salmon fingerling removed from a gill-net-caught fish was taken 

from the stomach of an 8-inch rainbow trout caught on April 19, · just 

below Trap Site 7. The one small salmon fingerling was the only item 

in the trout ' s  stomach. 

King · salmon finger lings were removed from the stomachs of both 

rainbow and brown trout and bluegill taken in the traps, but rainbow 

trout appeared to be the main predator. Many baas and squawfiah ·stomachs 

were examined during the 2-year study, but no aalmonid remains were ever 

detected .  Dllring the first year of the study small bluegill were the 

food item moat often seen in the stomachs of the larger predators . ·  'Dllring 

the second year the moat plenti:f'ul item in the diet waa three.elfin ahad. 

Thread.fin shad were removed from the stomachs of trout, bass, bluegill, 

catfish, squawfish, and green sunfish. 

Marking Experiment 

. An attempt was made, during the second year of the study, to 

develop a suitable method for marking the young fish other than by the 

excision of · fins. A branding technique that had been used by Elwell (1961) 

for marking salmon and steelhead yearlings was tried on the small project 

fingerlings. 'l'he yearling fish branded by Elwell had well-defined marks 

that were still clearly legible after 9 months at Nimbus Hatchery, when 

they were released . 

A sample of 50 fingerlings was taken from the trap catch on 

April 11, 1963, to be used in the experiment. The fingerlings were 

anesthetized in a solution of Tricaine Methanesulfonate (MS-222) and then 

marked on t1?:e dorsal surface and the opercle with various patterns made 
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with an electric marking pencil . The marking pencil was powered by a 

12-volt lantern battery . The marking tip was a small loop of nichrome 

wire that was heated to a white heat when the current was applied . The 

1 and 1/2-inch fish that were used in the experiment were very delicate . 

A 100 percent mortality was sustained within 4 days after they were marked . 

The mortality was evidently due to shock, since many of the fingerlings 

suffered deep burns during the marking process . It was extremely difficult 

to judge the depth of the mark. 

The marking technique was not developed to a point where it 

could be applied to large ntllllbers of small fingerlings . Following the 

initial large catches , insufficient fingerlings were available for continued, 

large-scale , marking studies . It was evident that a satisfactory branding 

technique for very small fish would have to include a jig to enable the 

operator to control the depth of the mark. 

Termination of Study 

On June 30, 1963, field activities were officially terminated, 

when no funds were allocated by the California State Legislature for the 

1964 fiscal year . Equipment used during the study was dismantled and 

stored against the time the program might be re-activated . The field 

station lease was terminated and all vehicles were returned to Sacramento 

for re-assignment . The seasonal employees working on the project were 

discharged and permanent employees were transferred to other duty stations . 
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DISCUSSION 

The Shasta Lake Migrant Study was planned as a long-range program 

to solve problems that will be imposed on downstream migrating salmon 

fingerlings by large impoundments, such as Shasta Reservoir. The badly 

needed information that should have been f'orthcoming f'rom the study, ll8.S 

not obtained due to the untimely termination of the investigation. 

The major problems posed by the study still exist and have not 

been resolved. These problems are : 

I .  Determine the pattern and rate of' movement of fingerling 

king salmon in Shasta Reservoir. 

II. Observe schooling patterns of fingerling king salmon 

in Shasta Reservoir. 

III. Determine the distribution of king salmon in relation 

to water temperatures and oxygen tensions. 

IV. Determine if residual.ism occurs in Shasta Reservoir 

and measure the degree of residual.ism if it occurs. 

v. Determine the relationship of predator fish popula

tions to fingerling survival.. 

VI. Determin� if fingerling king salmon would sound to 

the depth of' Shasta Dam turbines and measure survival rates 

af'ter :passage through the turbineso 

The results that were obtained during the · study were primarily 

quali tat1 ve in nature � It ::i.s extremel.y :valuable to know how fast and how 

far the fingerlings will travel in a reservoir., during a ·given period., 

but it is even mre va1.uable tQ know how many of them will do this. 

In order to have obtained quantitative data from the Shasta 

Lake study a greal deal more equipment woul.d have been necessary. A 
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minimum of four traps _ would have been needed in order to mark and recover 

fingerlings from one area to another . In addition,  as originaJ.ly planned, 

scoop traps or floating migrant traps should have been fished in Keswick 

Reservoir to ascertain whether or not migrants were actually leaving the 

reservoir through the turbines .  

A program large enough to collect good quantitative data in 

Shasta Reservoir would not only require additional equipnent above that 

provided for the initial study, but it. would also require a much larger 

staff . 

The exploratory study carried on during 1962 provided valuable 

inf'ormation for setting up the 1963 program. The information gained from 

the initial trapping studies in 1962 enabled project personnel to design 

and construct a much more efficient trap during the second year of operation . 

Fyke netting and trawling techniques that were developed showed great 

promise , and a portable trawl winch that was developed proved very satisfactory. · 

M9.ny problems were solved during the 2 years of the study , but one 

major problem persisted to the end . The projects large outboard-powered 

boat proved to be entirely inadequate to do the Job that it was required to 

do . The major problem wa.s in the outboard motors . One or both of the 

engines was broken down most of the time during the two years and much 

valuable time was wasted while they were being repaired. To operate on 

a lake the size of Shasta Reservoir,  where much long distance traveling 

is required ,  and to engage in trawl operations , an inboard-powered boat is 

essential . Large outboard-powered boats are not only uneconomical for 

studies like those conducted on Shasta Lake , but they do not develop 

sufficient horsepower or have enough stamina for the heavy hauling Jobs . 
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The 1962 and 1963 programs* could have been greatly improved by 

the addition of a limnologic&l. program • .  To fully .wideratand the behavior 

of �nids in reservoirs , we must have a greater knowleqe of the 

env1.ronment produced in these impoundments .  . The cowiter currents observed 
· .  . .. . . . 

bri�.f'ly in t� . lower Sac�nto m. ver arm of �he reservoir during the al)i'ins 

·. of · 1963
--
� •on1y one ·  of\he· nany phenomona present that &l'e not Wlderatood. . � . 

. ft,ese and JaDy' .· other 'tb1np' · .. t .  be .Jmown before we c� fUll.y .  undaratar.ul 
. . : . . � . . ' . 
. �he- ·:reaa�. why · �JDOnids will either IIUB through or beet.a . �a14ua,J. in . 

. . =. ' 

� · reaeno:i.r. 
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SUMMARY AND CONCLUSIONS 

A study to determine if fall-run king salmon fingerlings could 

pass successfully downstreaJll through a large., warmwater., fluctuating reservoir., 

was conducted by the California Department of Fish· and GaJlle during ·  1962 and 

1963. Funds were provided for the study by the California Department of 

Water Resources and the Bureau of Commercial Fisheries of the u. s. Fish and 

· Wildlife Service • . 

Field studies were conducted on Shasta Reservoir in the SacraJ11ento 

River. The objectives of the investigation included.: dete:nnination of the 

pattern and rate of movement; observation of schooling patterns;  determination 

of distribution of fingerling king salmon in relation to water temperature 

and dissolved oxygen; detennination of the extent of  residual.ism of young 

fishJ relationship of predator populations to fingerling survival; and deter

mination of fingerling survival through powerhouse turbines. 

A total of 1, 750, 000 fall-run king salmon fingerlings were released 

in the river above Shasta Reservoir. The fingerlings were prog_eny of fish 

trapped at Keswick Dam, and were hatched and reared at Coleman National Fish 

Hatchery. 

The 1962 plant, consisting of 750,000 swim-up fry, produced very 

poor returns. Fyke net catches indi cated that the majority of the fry migrated 

the 27 miles from the planting site to the reservoir within the first week 

after being planted. Reconnaissanc e work in the area between the planting 

sites and the reservoir revealed that a small percentage of fry remained in 

the river during the first summer. 
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Only two small ldng salmon from the 1962 plan t were recovered in 

the upper end of the r eservoir; one in a gill net on June 8, 3-1/2 months 

after the plant, and the other in a lake trap set at the mouth of Middle 

Salt Creek in the spring of 1963. King s�on, weighing from 3 to , _ pounds, 

were caugh� in the lower reservoi r during. the early sumer of 1963 and from 

scale analysis were detenuined to have but one annulus. Scales from only 

two fish were eDJ11ined for the age detemination. Although they appeared -

to .be the same age it would be pure conjecture on our part to state positively 

that these fish were from the 1962 plant. However, the size of' these young 

king salmon compared favo:nbly with the size of .fi sh in the same age group 

taken in the ocean. 

King salmon planted in Shasta Reservoir in 1958 reached a size of 

8 poUJ1ds beJ,'ore disappearing from the catch. The forage present in the lake 

during that period was poor and consisted primarily or native m_innows, 

centrarchids, and kokane e. The primary difference between fresh and salt 

water growth in salmon is usually determined by the amount and type of food 

available. In 1961 the Departm�nt of Fish and Game il'ltroduced- threadtin shad 

into Shasta Reservoir and by 1963 a tremendous population of these tish had 

built up, as evidenced by the project' s trap catche � (Table 4) . It is possible 

that fry from the 196? plant:, were carried down into the reservoiJ- and grew at 

an accelerated rate, due to the excellent forage conditions proVided by the 

shad. No salmon in this size group were taken in the project ' s  traps during 

1963, alto�ugh the numbe�s and distribution of the fish taken by sportsmen 

would indicat, the presence of a siz,able population. 

The 1963 plant w�s composed of 1,000,000 fingerlings that were fed 
. . 

for 30 days prior to their z:el�ase. This plant was made approximately 2 and 
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1/2 miles above tie reservoir. A total of 3 , 956 fingerlings were recovered 

in the reservoir with traps before thermal strafication occurred. The finger

lings were followed a distance of 23 .7  miles during the first 16 days after 

being planted, but no fingerlings were taken past that point. 

Shasta Reservoir spilled for l month wtu·le the fingerlings were 

moving_ down the lake, · but none of them were taken in th e  area near the dam, 

although trap and gill nets were· being fished in the_ �a during the entire 

period. Currents observed in the lo11er end of the Sacramento Riv�r arm or 

the impoundment may have caused the migrants· to discontinue their downstream 

movement. 

It is believed that surface water temperatures of Shasta ·Resenoir 

had a direct bearing on the downstream movement of the youhg salinon, althe>ugh 

no formal limnological program was followed. King salmon t.i.ngerlings 

vanished from the. trap catch after the first warm weather of the 1963 season. 

A week of cold, windy weather followed the early warm _ _ weather and the finger-. . . · . . . . . '. " . . · . . . . . 
lings again made their appearance. However, with a realDDption ot warm weather, 

the fingerlings again disappeared from the catch, and none were taken during 

the balance of the study. 

The examination of stomach contents ot predator fishes:, taken 

primarily in lake traps, disclosed that rainbow trout were the main predator. 

The remains of _king salmon .tingerlings, however, were removed from rainbow 

trout, brown trout� and bluegill . Many baas and equawfi.ah stomachs were 

examined, but no salmonid remains were detected. 

The u. s. Amy Corps of Engineers conducted fish passage experiments 

at the Shasta Dam powerhouse in November 1962 • .  Marked king �almon and �ainbow 

tl'.()ut. fingerllngs were introduced into the penstocks above the pOirerhouse and 
,; 

. ' 

.. wen recovered· in tyke nets moored in the turbine tailraces.  No unmarked 



king salmon finge rlings were recovered, but many other species of fish, 

present in the rese rvoir, were taken . The Corps study took pla�e, howev�r, 

long after the normal f�l migration would have started. ' 

The investigatfi�n was terminated b efore a, ·  full evaluation could 

be made of th� fingerling '·� habits_.  However, this incomplete ;study indi cates 

that a grave problem �f resi�ualism may exi st .when. fall-run king salmon 

fingerlings are foiic�d .�� negotiate a large, wannwater;. fluctuating reservoir· 

on · their · way · to sea .  
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INTRODUCTION 

One of the obstacles to predicting the success or failure of passing juve
nile salmonids through a reservoir is a lack of knowle�ge of the relationship 
between the environment of the reservoir and fish behavior. The Bureau of 
Commercial Fisheries entered into a contract with the Oregon Fish Commission 
on February 20, 1962 whereby the state agency was to determine this relation
ship at North Fork and Pelton reservoirs. These impoundments were chosen for 
study since they are relatively small, possess downstream migrant collection 
facilities, and the populations of anadromous salmonids are adequate for 
study purposes. 

We felt the results of our study should have practical application at 
future projects in deciding (1) whether downstream migrants should be col
lected in the reservoir or in the tributaries entering the reservoir; (2) 
whether collection facilities should be located at the dam or elsewhere in 
the reservoir; and (3) what design and operating criteria should be incor
porated into collection facilities in the reservoir. 

With this application in mind and with ideas developed during a prelimi
nary study, the following objectives and methods were formulated: determine 
(1) timing and movements by trapping and tagging, and examination of counts at 
the fish facilities; (2) seasonal and diel depth distribution by the use of 
gill nets and SCUBA; (3) survival through marking and tagging studies; (4) the 
effect of age and growth on behavior by taking size·composition and scale sam
ples; and (5) the effect of environment on behavior. Additional information 
is available from fish facility evaluation studies on the passage of salmonid 
smolts through North Fork and Pelton reservoirs. These studies were conducted 
jointly by OFC and Portland General Electric Company. These data are supple
mented by our tagging studies. 

The completion of Round Butte Dam in 1964 prevented access of juveniles 
into Pelton Reservoir and resulted in the transfer of the behavior study from 
Pelton to Round Butte Reservoir. 

NORTH FORK RESERVOIR 

Introduction 

North Fork Dami� the uppermost of a 3-dam complex on the Clackamas River 
in western Oregon (Figure 1). It has a hydraulic head of 138 feet and forms a 
reservoir 4 miles long. It is entered at the upstream end by the Clackamas 
River and has one small tributary. Pool fluctuations average 4 feet daily with 
a maximum of 19 feet. Cazadero and River Mill dams are located 2 and 7 miles 
downstream. Cazadero diverts water into Faraday Lake and powerhouse. Upstream 
migrants use an outdated fish ladder at River Mill and a modern ladder 1.7 miles 
long around Cazadero and North Fork. Downstream migrants may leave North Fork 
by one of three exits: (1) the surface collection facility, coincident with the 
ladder exit and with a nonnal attraction flow of 200 cfs; (2) the penstocks 
submerged 124 feet; or (3) the spillway, which handles overflow about 7.4% of 
the year mainly during the fall and winter. Fish collected at North Fork 
Reservoir are transported by the fish ladder to Cazadero Dam where they are 
counted and placed in a pipeline which discharges them below River Mill Dam. 
Spring chinook and coho leaving through the other exits pass over the spillways 
or through the turbines of the lower 2 projects. 
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Figure 1. Diagram of Three-Dam Complex Located on the 
Clackamas River. 
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Spring chinook and coho salmon and winter-run steelhead trout are the anadro
mous species present. Rainbow trout are released into the reservoir during the 
spring and summer for an intensive sport fishery-. Coarse-scaled suckers are the 
predominant scrapfish species and cottids are numerous. 

Fish Behavior 

Timing and Movements 

Juvenile anadromous salmonids occurred in North Fork Reservoir during all 
seasons. Numerous chinook, ·coho, and steelhead entered as fry- in Februa:ry, 
May, and July, respectively. Migrations were not detected in the summer, but 
in the fall and winter, coincident with freshets, fish activity increased and 
intra-reservoir migrations resulted. At this time, thousands of chinook and 
coho entered the reservoir and left via the collection facility and spillway; 
some passed through the turbines. Few steelhead were observed in the reser
voir between yearling and smelt stages and emigration was negligible until 
smoltification. Smelts of all species entered the reservoir in the spring. 
Peak·numbers of all species migrated through the collection system in May and 
June, and many emigrated through the spillway when spill occurred. Steelhead 
emigrated first and moved only in a down-reservoir direction. 

� Depth Distribution 

Depth distribution varied seasonally. Salmon and steelhead fry- were found 
near the surface, c·lose to the shoreline and cover, during the spring and early 
summer. As they grew they inhabited deeper water, particularly during the day
light hours. By late summer, salmon fingerlings were found to a depth of 75 
feet (maximum studied) during the day and near the surf ace at night. Salmon 
remained below the stratified layer at night if surface temperatures approached 
70°F. Steelhead fingerlings were always found near the surface in late sum
mer. All species preferred a depth of 0-30 feet during the fall, when water 
temperatures were declining and the first freshets occurred. 

In the winter,coho salmon inhabited deep water during the day and shallow 
water at night (Figure 2). Coho were found to a depth of 120 feet during the 
day, but were shallower if water visibility was 5 feet or less. Chinook and 
steelhead were distributed similar to coho in the winter, but data are weak. 
In the spring all species were found within 30 feet of the surface at a ll 
times as shown for coho in Figure 2, but some coho were found deeper. 

Survival in Reservoir 

Survival was determined as the per cent of marked and tagged juveniles 
collected at the artificial outlet as smelts. Coho, marked as fingerlings 
in the fall of 1962 and fry- in the spring of 1963, experienced recovery- rates 
at the collection system of 27 and 8%, respectively. Chinook fingerlings and 
fry, marked at the same times as the coho, showed recovery- rates of 15 and ZI,, 
respectively. Marked steelhead fingerlings evidenced a cumulative recovery 
of 2.1% for 1� and 2-year-old migrants. Three-year-old migrants may be cap
tured in 1965. 

Fish were tagged each mcnth throughout the year. Figure 3 spews that 
coho salmon 9 cm or longer survived better (40-76%) than those 6-9 cm·long 
(17-5?%). This may mean a differential·tagging mortality due to size, or 
a poorer survival rate for smaller fish, or both. Recovery- rates of 
fish tagged prior to February were low because tagged fish were known to 
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emigrate with spill. The rate of recovery for chinook ranged from 71, for fish 
tagged in July 1963 to 87% for those tagged in February 1964, but few were 
tagged. Steelhead smelts were tagged only in April and May, and 61% were recov
ered at the collection system. 

Survival appeared good to excellent in North Fork Reservoir with coho sur
viving best. The most serious losses in the reservoir occurred during the fry 
stage for all species. 

Cottids, rainbow trout, and yearling salmon preyed on fry salmonids. Coho 
were potentially the most serious predators as they were the most abundant. 

Sport census data obtained by the North Fork Evaluation Study during the 
spring of 1963 showed that 18% of the fish sampled were wild steelhead smelts. 
Catch estimates are not available. Chinook and coho smolts were sub-legal 
size, but many were caught by anglers and returned to the water. SCUBA divers 
found numerous dead salmon and steelhead smelts on the reservoir bottom during 
the spring, most with hook wounds. 

Passage Through Reservoir 

The ability of salmonid smelts to pass through North Fork Reservoir and 
enter the collection system was measured by the evaluation study through the 
release of marked wild and hatchery fish at the head of the reservoir. Pre
liminary results indicate 70-9Cf/, of the salmon and steelhead smolts entering 
the reservoir were recovered at the collection system trap. These passage 
efficiencies are adequate to perpetuate the runs. 

Age and Growth 

All species of salmonids grew rapidly after entering North Fork Reservoir 
as fry. Chinook, coho, and steelhead, of the zero age group, had modes of 
15-16, 10-11, and 9 cm, respectively, by October. The first fall freshets 
transported large numbers of small stream-reared fish into the reservoir. This 
reduced the modal sizes of the three species in the reservoir to-9-10 cm for 
chinook, 7-8 cm for coho, and 7 cm for steelhead. Fish of all sizes left the 
reservoir via the collection facilities and spillway during the fall. Sal
monids did not grow during the late fall and winter months. In the spring, 
chinook and coho yearlings grew rapidly, and at emigration the modal length 
was 12 and 11-12 cm, respectively o Steelhead smelts did not eviq,ence growth 
in the reservoir. 

Most chinook and coho left North Fork Reservoir as sub-yearlings and 
yearlings. Steelhead emigrated as 1-, 2-, and 3-year-olds; preliminary scale 
analysis indicates most left after their second year. There was no indication 
of residualism in the reservoir for any species. 

Limnology 

Physical Factors 

Water temperatures were compatible with salmonid survival and passage 
through the reservoir. Temperatures at the water surface seldom exceeded 73° 

F during the summer, and frequently remained in the_60 1 s. A weak thermocline 
between the surface and a depth of 15 feet formed.during extreme summer 
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temperatures. A profile taken August 7, 196.3,wben maximum surface water temper
atures prevailed that summer, showed stratification but no thermocline (Figure 4). 
Water temperatures declined rapidly in the fall, and the reservoir became iso
thermal in October. This condition persisted Uittil the following April, when 
warming occurred. The temperature profile taken May 20, 1964 (Figure 4) is typ
ical of those obtained during the migration season of 1962-64, and shows the 
water mass cool with weak stratification. 

Flows recorded below Ri�er Mill Dam give a rough indication of inflow and 
outflow at North Fork Reservoir. In 1962 the minimum flow of 325 cfs occurred 
in October with the maxim.um of 14, 000 cfs in November. This was typical in 
that rain-caused freshets seldom occurred prior to November. The mean daily 
flow during the spring migration period ranged between 3,000 and 4, 100 cfs for 
the past 3 years. Spill occurred 1-5 times each year, mainly in the fall and 
winter and occasionally in the spring. 

Water clarity was adversely affected by occasional phytoplankton blooms 
in the summer, and freshets during the fall and winter. Secchi disc water visi
bility was often less than one foot after a large freshet, and exceeded 25 feet 
when surface water temperatures were in the low 60 1 s in late summer. 

Surface water currents were generally in a down-reservoir d!rection during 
the spring migration period. Velocities ranged between 11 and 32 feet per min
ute depending on area of the reservoir, water flow, and wind direction and 
velocity. Up-reservoir surface currents occurred with strong upstream winds 
and relatively low flows. 

Chemical Factors 

Dissolved oxygen concentrations were adequate for salmonid life through
out the past year with minimal values approximately 8 ppm. Total alkalinity 
values were low and indicated poor productivity. This is indirectly·corrbbo
rated by the absence of large resident fish. The pH range was within the 
limits necessary for fish life. Table 1 shows selected seasonal values of. 
oxygen, total alkalinity, and pH taken near the.dam from the surface, middle 
of the thermocline, and bottom of the reservoir. 

Biological Factors 

Zooplankton and bottom samples, and stomach samples from gill-netted sal
monids were taken to determine if diel depth distribution of fish was affected 
by their feeding habits. The relationship between these factors has not been 
analyzed. 

Meteorological Factors 

Collection of meteorological data included barometric pressure, moon phase 
(in conjunction with SCUBA observations), cloud cover, and wind direction and 
velocity. These data have not been analyzed. 

PELTON RESERVOIR 

Introduction 

Pelton Dam is the lower of two dams on the Deschutes River in central 
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Table 1. Chemical Data, Area G, North Fork Reservoir, 1963-64. 

Chemical Season 
Depth . .  Det errninat ion Winter Spring Summer 

Dissolved Oxygen 13. 0 11.5 9. 5  

Surface Total Alkalinity 24 20 24 

nH 7. 50 7.25 7. 25 

Dissolved Oxygen - 12.0 9. 5 

Thennocline Total Alkalinity - 20 24 

nH - 7. 25 7.25 

Dissolved Oxygen 12. 5 11. 5 9. 5  

Bottom Total Aklalinity 25 21 25 

nH 7.50 7. 25 7. 25 

Fall 

9. 5 

32 

7. 50 

9.0 

32 

7. 50 

9. 5 

32 

7. 50 

Oregon (Figure 5). It has·a hydraulic head of 152 feet and forms a reservoir 
approximately 8 miles long, originally entered at the upstream end by the 
Deschutes and Metolius rivers o This condition is now changed by construction 
of Round Butte Dam which encroaches approximately! mile into Pelton Reservoir. 
Pool fluctuation averages 5 feet daily with a maximum of 7 feet anticipated. 
Downstream migrants may leave the reservoir by one of 4 exits: (1) the collec
tion facility, provided specifically for this purpose; (2) the exit from the 
fish ladder which opens into the reservoir near the·downstream migrant collec
tion facility; (3) the penstocks submerged 142 feet; or (4) the spillway, with 
use not probable. Spring chinook and sockeye salmon and summer-run steelhead 
were present above Pelton at the outset of the study� Coho·salmon were released 
for study purposes. Resident species include rainbow trout, Dolly Varden, 
brown trout, bass, sunfish, carp, suckers, squawfish, and chiselmouth_o 

Fish Behavior 

Construction of Round Butte Dam prevented normal entry of juvenile sal
monids into Pelton Reservoir, and created conditions which interfered with obser
vations. As a result, limited infonnation was obtained during the 2 years of 
study. Conditions in Pelton prior to, during, and after construction of Round 
Butte differ. The following description of fish behavior for Pelton Reservoir 
generally will not apply to future runs. 

Timing and Movements 

Chinook fry were observed in Pelton Reservoir in the spring during all years 
of study, but were less abundant after construction of Round Butte cofferdam. 
Hatchery coho fry were released into Pelton Reservoir in April 1963. Time of 
entry of rainbow-steelhead fry into Pelton Reservoir was not detennined. Few 
were observed above Round Butte cofferdam in early summer, but by late summer 
and fall the population had increased substantially. Rainbow-steelhead in 
their second year were connnonly caught above and below Round Butte cofferdam. 
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It was not known if this group included steelhead. 

Chinook fingerlings entered Pelton Reservoir from the Round Butte coffer
dam, and left via the collection facilities with freshets or turbid water dur
ing the winter 0 Prior to construction of Round Butte, smelts entered Pelton 
Reservoir in the spring. Peak emigrations occu�red through the collection 
system in April and May for chinook and May and·June for steelhead. In 1964 
the peak chinook emigration occurred in January, but closure of the Round Butte· 
diversion tunnel in J anuary prevented the normal entry of ·smelts in the spring. 
Coho liberated into Pelton as fry in 1963 emigrated mainly in April and May 
1964. 

Depth Distribution 

Because of small catches, data on depth distribution·a.re presented for 24-
hour periods. Chinook and coho fry inhabited the surface, shoreline· areas in 
the spring. Both species showed preference for depths of 15-30 feet during 
the summer when the water stratified and surface temperatures were 70° F or 
higher. In the winter, most chinook were captured between .the surface and a 
depth of 15 feet. Some were found �o-a depth of 75 feet (Figure 6)0 Coho 
evidenced si."!U.lar distribution. In the spring migration period, chinook smelts 
were found near the surface. and away from the shoreline (Figure 6 ).. Steelhead 
smelts also preferred the surface, but they.were found inshore as well as off
shore. Data are not available for coho smelts. Nets were not fished deeper 
than 75 feet. 

Survival in Reservoir 

Based on recovery rates at the skimmer of marked and tagged fish released 
into Pelton Reservoir, survival was poor, In April 1963, 400, 000 unmarked and 
8, 000 marked coho fry were released into the reservoir, and experienced recov
ery rates a.t. t,he collection "facility ·bf o. 5 and o. /$,, respecti vel.y, the follow
ing year. The survival of unmarked fish was maximal because recoveries may 
include coho planted in the Metolius River above Round Butte Dam. 

Tagging of juvenile chinook in the winter and spring of 1963 (195 tagged) 
and 1964 (124 tagged) resulted in similar recovery rates of 15 and 14. 5% respec
tively. Th� highest recovery rates were obta�ed from fish tagged in the winter, 
and more fish were tagged during that season. A total of 237 coho was tagged 
in 1963-64, and 13.5% were recovered at the collection facility. As with Chi
nook, most fish were tagged in the winter and recovery rates were best from 
this group. T�e recovery rates of steelhead smelts tagged from April through 
June 1963 declined progressively ·from 50 to 2q(. or 491 steelhead smolts tagged, 
28% were recovered at the skimmer. Survival as determined by recovery rates 
at the collection system was minimal because some fish may have passed through 
the turbines and fish ladder' exits. Few fish leave by these routes as deter
mined by the Pelton evaluation study. 

Data on predation are limited, however several predatory species are pres
ent. Some predation occurred in the floating traps, but results may not be 
applicable to the reservoir eni.fironment. For the.2-week period following the 
release of coho fry in 1963, ex;tensive predation was noted by Dolly Varden, 
brown and rainbow trout, suckers, squawfish, chiselmouth, and yearling chinook 
salmon. 
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Sport catches of wild steelhead in the reservoir were estimated by the 
Bureau of Sport Fisheries and Wildlife as 3,390 in 1960 and 3, 153 in 1961. 
Comparison of these catches with the respective counts at the fish facility of 
10,355 and 4,267 fish indicated the sport fishery had a significant effect on 
the steelhead runs. 

Passage Through Reservoir 

The Pelton evaluation study measured the ability of salmonids to pass 
through the reservoir and enter the collection facility by releasing marked 
wild and hatchery fish into the Metolius and Deschutes rivers. Passage et'fi
ci€ncy between the 2 years of the study differed for each species as follows: 
chinook-1960: 54-69%, 1961: 21-30%; steelhead-1960: 35-44%, 1961: 13-44%. 
Only 19% of a release of marked hatchery chinook in 1963 entered the collec
tion facilities possibiy due to the influence of Round Butte cofferdam. 

Age and Growth 

The apparently small populations of salmonids in Pelton Reservoir resulted 
in variable-sized samples and poor size and growth data. Coho salmon, released 
as fry in April 1963, grew rapidly that spring and sununer and exhibited average 
and extreme sizes of 16. 5 and 20. 0 cm, respectively, by March 1964. 

Chinook salmon, entering the collection facility during the fall and 
winter, had size modes at 11.0-11.5 and 19. 0-21. 0 cm. Age composition of the 
larger fish was not determined, but were thought to include 1- and 2-year olds. 
In the spring, chinook emigrants had one mode at 11. 0-13. 0 cm, and appeared to 
be stream-reared yearlings. 

Steelhead smolts did not grow in Pelton Reservoir, although some were pres
ent for over 2 months. Multiple age groups of steelhead seemed probable, but 
scale analysis is incomplete. 

Limnology 

Physical Factors 

Water temperatures at Pelton Reservoir appeared compatible with salmonid 
survival, and generally were not extreme during the spring downstream migration 
period� Temperatures at the water surface seldom exceeded 75° F during the 
summer, and usually remained near 70° or slightly lower. The August 10, 1964 
profile in Figure 7 is typical for summer at Pelton Reservoir. The highest 
surface water temperatures usually occurred near the upper end of the reservoir, 
while those at the dam were generally several degrees cooler. A therm.ocline 
formed in the upper reservoir between the surface and a depth of 15 feet, but 
stratification was weaker in the lower reservoir. 

Water temperatures declined in late August, and were isothermal by the 
last of October. Pelton Reservoir warmed at a faster rate than North Fork dur
ing the sprin� and by May 13, 1964 surface temperatures near the dam were in 
the mid-50 1 s (Figure 7). Weak stratification occurred. 

Mean daily discharge was recorded at Pelton Dam. Discharge is consid
ered an accurate measure of inflow since pool fluctuation was slight. In 1963 
the mi.nimum flow of 3,600 cfs occurred in December and the maximum flow of 

-13-



-

'· r-. 

s;tc4=
==

54=
·
=5 ====5=6==� 5

;,.;.
4 _ _: 5..;;..3_---:

5
7

2_5_1._ 5 _____ 5 _1 ____ 5
I

O 

20 

40 

80 

100 

120 

140 

-160 
G) 
G) 

J7 68 

20 

40 

60 

80 

100 

120 

140 

160 

Figure 7. 

May 13, 1964 

68 

2 

60 

August 10, · 1964 

Temperature Profiles in Pelton Reservoir, May 13 -and August 10, 1964. 
Isotherms: 2° F. 

-14-
I 
i 



-

. fB! 

-

7,100 cfs was in February. Less variation in flow will probably occur in the 
future because of Round Butte Dam. The mean daily flow during the spring was 
4,600 cfs in 1963; it was 3,500 cfs in 1964 and will be similar to this in 
future years because of the Round Butte operating schedule. Spill occurred 
twice since construction of Pelton Dam, but was not caused by high water. 

Construction of R0und Butte Dam adversely affected water clarity in Pelton 
Reservoir during the past 2 years. In the past year, Sacchi disc water visi
bility varied from 2.0 .feet in January 1964, when restriction of the tunnel 
gate at Round Butte created turbulent inflow conditions at Pelton, to 32.0 
feet in December 1963. The highest water visibilities occurred in the winter, 
during periods of cold weather and relatively low flow. Phytoplankton blooms 
reduced water clarity during the summer. 

Water currents were not measured during the spring migration season. 
Measurements were made in July 1964, after formation of a the:rmocline between 
the water surface and a depth of 10 feet. Most currents measured moved in a 
down-reservoir direction, but in the area below the shearline, surface cur
rents moved up-reservoir. These and other measurements indicated the thermo
cline may affect direction of water currents. 

Chemical Factors 

Dissolved oxygen concentrations at all depths in Pelton Reservoir were 
adequate .for salmonid life throughout the past· year.. Total alkalinity was 2-3 
times greater than that measured at North Fork, and may have a bearing on pro
ductivity since .fish at Pelton attained larger maximum sizes. Values of.pH 
appear compatible with .fish life. Table 2 shows selected seasonal values of 
oxygen, total alkalinity, and pH taken near Pelton Dam from the surface, ther
mocline, and bottom of the reservoir. 

Biological Factors 

Zooplankton and bottom samples, and stomach samples from gill-netted fish 
were taken as at North Fork. Samples were not obtained from Pelton throughout 
the year since all .fish behavior activities were transferred to Round Butte 
Reservoir in the spring o.f 1964. 

Meteorological Factors 

Collection of meteorological data at Pelton Reservoir was similar to that 
at North Fork. The data have not been analyzed. 

ROUND BUTTE RESERVOIR 

Introduction 
. "· 

Round Butte Dam is located at the upper end of Pelton R�voir. It .forms 
an impoundment composed of the Metolius', Deschutes, and Crooked River arms, 
which at .full pool will be 12, 8.5, and 6 miles long, respectively (Figure 5). 
At maximum pool the dam will have a hydraulic head of 365 feet. Pool fluctua
tion will average 1 foot daily,with a maximum of 85 feet anticipated. 

Downstream migrants will leave the reservoir by one of 4 exits: (1) the 
permanent collection .facility at the dam which will operate through a pool 
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Table 2. Chemical Data, Area I, Pelton Reservoir, 1963-64. 

De h 

Surface 

Thermocline 

Bottom 

Chemical 
Determination 

Dissolved Oxygen 

Total Alkalinity 

H 

Dissolved Oxygen 

Total Alkalinity 

Dissolved Oxygen 

Total Alkalinity 

H 

Winter 

11.0 

63 

11.0 

63 

C/ .. 
Season 

14.0 

60 

8. 0 

14.0 

59 

8. 

11.0 

60 

8. 00 

Summer 

10.0 

68 

8. 

9.5 

61 

8.5 

59 

Fall 

10.5 

68 

10.0 

71 

fluctuation of 22 feet, (2) a floating collection facility or 11gulper" which 
may be moved to any point in the reservoir, (3) the penstocks, submerged to 
219 feet, or (4) the spillway. Spill is predicted to occur once in 100 years. 
In 1964 �he by-pass tunnel was also available for fish passage, but was loca
ted below a depth of 200 feet during most of the spring migration period. 
Round Butte Reservoir should contain the same species of fish as are found 
in Pelton. 

Closure of Round Butte Dam occurred in January 1964 and the water level 
during most of the spring migration period was 70-80 feet below full pool. As 
a result the only exits available to salmonid migrants were the gulper; the 
penstocks, located at depths in excess of 100 feet and operated intermittently 
during this period; and the by-pass tunnel. 

Fish Behavior 

Timing and Movements 

Hatchery coho, released into the upper Metolius River, and wild chinook 
sa�n entered the Round Butte cofferdam pool as fry in the spring of 1963. 
Chinook fry were also observed in the Metolius River arm of Round Butte Reser
voir in the spring of 1964. Large numbers of coho remained in the river 
through March, and appeared in the upper Metolius arm of the reservoir as 
smelts in mid-April 1964. Time of entry of chinook and steelhead smelts into 
Round Butte was not learned • 

Emigration of salmonids from Round Butte Reservoir was described by 
catches made at the gulper during the spring of 1964. Some fish emigrated 
through the penstocks or by-pass tunnel after closure of Round Butte Dam, but 
counts at the Pelton collection facility indicate passage by those outlets was 
not significant. Chinook and coho smelts peaked at the gulper in late May and 
early June, respectively. Steelhead smelts were not caught in significant 
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numbers by this facility. Downstream migration ceased in early July even 
though large numbers of smolts of each species remained in the reservoir. The 
fish gradually lost the smolt appearance thereafter. 

Intra-reservoir migrations of salmonid smolts i� the spring indicated the 
fish did not readily find the gulpero All species congregated in the upper 
Metolius arm of the reservoir, where the coldest water temperatures occurred. 
Up-reservoir surface water currents in this arm may have been a contributing 
factor. Some coho and marked hatchery chinook salmon, which originated entire
ly in the Metolius River, migrated to the Deschutes and Crooked River arms of 
the reservoir, and to the gulper. A few chinook and coho migrated to the gul
per from all tagging points in the reservoir, but several remained in the 
upper Metolius arm where they were taggedo Steelhead smolts, which appeared 
the most confused, originated mainly in the Deschutes River; but large numbers 
were trapped in the upper Metolius arm of the reservoir, Tagging showed that 
steelhead moved predominantly from the Deschutes arm to the Metolius arm 
where they remained throughout the spring migration period (Figure 8). Few 
tagged steelhead were recovered at the gulpero 

In early June all available Fish Commission traps were placed in the upper 
Metolius arm of Round Butte Reservoir to aid in the collection of salrnonid 
smolts for transport below the dam. Many juveniles were collected and trans
ported, but data on intra-reservoir migrations were curtailed, 

Depth.Distribution 

Limited depth distribution data are available since emphasis was placed 
on trapping and tagging and observations were only in the sprin�. Coho fry, 
released directly into the reservoir, were observed near the water surface; 
and smolts of all species were found distributed from the surface to the max
imum depth of 45 feet in the upper Metolius arm of the reservoir. 

Survival in Reservoir 

Data on survi,al of salmonids in Round Butte Reservoir were poor, because 
work did not commence until spring and many smolts did not enter the collection 
facilities, Totals of 8, 000 marked coho fry and 2, 900 tagged coho fingerlings 
were released into the Metolius River in 1963, and recovery rates f�om all 
collection gear in the reservoir were 1.0 and 2.0%, respectively. Because of 
the residualism problem, these are minimum rates of survival of fish primar
ily stream-reared with varying amounts of reservoir life after January 1. 

A total of 1, 200, 000 coho fry, including 120, 000 marked fish, was released 
into Round Butte Reservoir in February 1964 0 This experiment will measure sur
vival of coho during the first year of reservoir existence, providing collec
tion of migrants is successful next spring. Predation occurred on the coho fry 
by·Dolly Varden and mergansers. 

Estimates of sport fishing mortality were not made. Chinook and coho 
have remained in the sport fishery since the season opened this spring. Sport 
fishermen reported the capture of 3.0% of the tagged steelhead in the reservoir. 
Many recoveries probably were not reported since the tags were inconspicuous 
and tagging was not highly publicizedo 
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Passage Through Reservoir 

The release of tagged salmonid smolts into the reservoir and their subse
quent recovery rates at the gulper showed passage efficiency at Round Butte was 
poor. Tagged chinook, coho, and steelhead experienced recovery rates of 11.0, 
12. 5, and 1.0%, respectively. 

Marked hatchery yearling chinook, released into the upper Metolius River 
on April 1, 1963 ,exhibited a recovery rate at the gulper of only 1.5%. These 
fish behaved abnormally and did not enter the reservoir in substantial numbers 
until late May. 

Age and Growth 

Coho salmon released into the reservoir as 4.0-cm-long fry in February 
1964 averaged 8. 5 cm by June. For a similar period, coho fry released into 
the Metolius River were about 3 cm smaller. Coho tagged and released into the 
reservoir in April, and recovered in early June, grew an average of 1.5 cm. 
In June coho in the reservoir showed two modes at 8.0 and 14.0 cm. 

Chinook salmon caught in traps during March had modes of 11.5 and 15. 5 cm, 
while those entering the gulper in May showed a single mode at 13.0-13.5 cm. 
Tagged chinook srnolts evidenced little growth in the reservoir during the 
spring of 1964. 

The size of most steelhead sm.olts caught in Round Butte Reservoi r  during 
the spring of 1964 ranged from 14. 5-26.5 cm with no mode evident. A few fish 
exceeded 30.0 cm. Tagged steelhead srnolts showed little growth in the reser
voir. 

All coho and most chinook emigrants were yearling fish in the spring of 
1964. Age data for steelhead were not analyzed. 

Limnology 

Only physical and chemical data were collected at Round Butte Reservoir 
in early 1964. Biological samples will be collected in conjunction with gill 
netting beginning in September 1964. 

Physical Factors 

Temperature stratification occurred in Round Butte Reservoir in January 
1964, shortly after closure of the diversion tunnel (Figure 9). The Metolius 
arm is shown, but similar patterns existed in all 3 arms. Stratification in the 
winter was caused by the layering of the Metolius, Deschutes, and Crooked rivers 
with water temperatures of 40°, 42°, and 52. 5° F, respectively. The stratified 
layer gradually moved upstream as the reservoir filled.  

In May, when srnolts were mi§rating, surface water temperatures of the 
Metolius River arm were about 54 F ;  and the Metolius River was 44 . 0° F 
(Figure 10). By July 24, after downstream migration terminated ,  the reservoi r 
was strongly stratified (Figure 10) 1  and water temperatures reached 71.5° · F  
in the Metolius River arm, and 68. 5  at the dam. The Metolius River was 48° F. 

Discharge from Round Butte was similar to that at Pelton in 1964. Inflow 
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was not determined. 

Water clarity was generally poor in the reservoir throughout the spring 
due to phytoplankton blooms in all areas except above the shearline in each 
arm. 

Prevailing winds blew down the Deschutes arm. of the reservoir and up the 
Metolius arm during most of May. Water between the surface and a depth of 20 
feet moved in the same direction as the wind. 

Chemical Factors 

Dissolved oxygen in Round Butte Reservoir was generally adequate for fish 
life from January-July 1964, but some oxygen deficiencies occurred in the 
Crooked River arm at depths below 150 feet in June and July. Total alkalinity 
was highest in the Crooked River and lowest in the Metolius River. Table 3 
shows selected seasonal values of oxygen, total alkalinity, and pH taken near 
the dam from the surface, middle of the thermocline, and bottom of the reser
voir. Data for the fall of 1963 were obtained from the cofferdam pool. Occa
sional pH values of 9 were found in the surface waters of the reservoir, and 
may be due to phytoplankton. 

Table 3. Chemical Data, Area II-F, Round Butte Reservoir, 1963-64. 

Chemical Season 
Depth Determination Winter Spring Summer Fall (l963 ) 

Dissolved Oxygen 10 . 0  15. 0 9. 0 10. 5 

Surface Total Alkalinity 84 79 86 79 

DH 8 . 0  8 . 75 8 . 25 7. 75 

Dissolved Oxygen - 9 . 0  s. o 10. 5 

Thermocline Total Alkalinity - 77 84 64 

pH - 8. 25 8. 25 7 . 75 

Dissolved Oxygen 10. 6 6. 5 7 . 0  11. 0  

Bottom Total Alkalinity 64 59 54 57 

pH 7. 75 8 . 25 7 . 75 7. 75 

DISCUSSION 

This study has resulted in some generalizations on the behavior of juvenile 
·· salmonids and characteristics of the environment in North Fork, P elton, and 
Round Butte reservoirs. Some of the most important similarities and differ
ences in fish behavior at the 3 projects are as follows : 

1 .  S�me fish of all species entered the reservoirs as fry. 
smolts began first at Pelton and started with chinook. 
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migrated earlier at North Fork than at Pelton. 

2. Movement in all reservoirs was stimulated by freshets and muddy water. 
Steelhead and salmon smolts moved directly through North Fork, but 
wandered in Pelton and Round Butte. 

3. Smolts were found at similar depths in the spring in all 3 reservoirs. 

4 .  Survival of all species was very good at North Fork and poor at Pelton. 
Data are lacking on survival at Round Butte. 

5 .  Smolts passed successfully through North Forlc Reservoir. Passage effi
ciency at Pelton was about one-half that of North Fork, and was even 
less successful at Round Butte. 

6�  Essentially no smolts remained in North Fork beyond the normal time of 
emigration, but some smolt s did not migrate at Pelton and large num
bers remained in Round Butte after the spring migration. 

7. Species composition differed in that squawfish and spiny rayed fish are 
found in Pelton ( and presumably Round Butte), but not in North Fork. 
Their presence may indicate predation and perhaps an environmental 
difference. 

8. Smolts and holdover juveniles concentrated in the upper Metolius arm 
of Round Butte Reservoir, and this was peculiar only to this area. 

Since the anadromous species are similar at these reservoirs, differences 
in behavior very possibly are related to differences in the environment. The 
environments differed in the following ways: 

1. Pelton and Round Butte warmed earlier in the spring, and maximum 
temperatures were a few degrees higher than at North Fork. 

2. North Fork was least alkaline of all the reservoir areas, and t he 
Metolius arm was less alkaline than other areas of Round Butte. 

3. The pH was highest at Round Butte and lowest at North Forlc . 

4 .  UJH:eservoir currents were more prominent and deeper in the Metolius 
arm of Round Butte than other reservoir areas tested. 

5. Spill occurred only at North Fork. 

6. The ratio of river flow to reservoir capacity indicates that replace
ment of water in the reservoirs is most frequent at North Fork  and 
least frequent at Round Butte. 

7 .  The climate is wet at North Fork and arid at Pelton and Round Butte • 

In addition to the biological and limnological observations, physical 
characteristics also show an interesting relationship. North Fork is the small
est reservoir and Round Butte the largest from the standpoints of length, sur
face area, and depth. 
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The significance of these differences in behavior and environment is how · 
they have affected the status of the stocks passing above each of the proj ects o 

The status of the runs can best be determined by examining records of counts 
of fish at the passage facilitieso Relationships of the counts show trends of 
numbers of adults and juveniles, production in terms of smelts counted at the 
dam for each parent spawner, survival of smelts from emigration until return 
to the project as adults, and a comparison of the number of returning adults to 
the number of parent spawners. 

Stocks at North Fork appear in good condition. Trends in counts of adults 
are generally upwards. Counts of j uveniles vary annually in accuracy due to 
the frequency and timing of spills . Increases in the number of adults return
ing from their parent year have occurred for all species in all years except 
one. The increase is probably influenced by a passage facility constructed as 
part of the North Fork project which by-passes juveniles around the 3-dam. 
complex. Passage downstream was formerly through the turbines of the lower 
two dams except when spill occurredo Spill rarely occurred during the spring 
migration season, 

The stocks at Pelton show a steady decline. In all years returning 
adult s of all species are fewer than the number of parents. Based on the num
bers of smelts counted per adult and ot her data, failure to maintain the level 
of the runs appears due to factors above Pelton Dam. 

Since Round Butte is upstream. and adjacent to Pelton, stocks at these 
two dams are affected similarly. Counts at both Pelton and Round Butte indi
cate severe · passage problems for downstream. migrant s in 1964 in Round Butte. 
Temporary passage facilities currently at Round Butte will be supplemented by 
the permanent collector in the spring of 1965 if the reservoir is filled at 
this time. 

It is concluded on the basis of fish counts, passage efficiency, sur
vival, and lack of holdover smelts that the environmental and biological phe
nomena of North Fork Reservoir are compatible with the life cycles of spring 
chinook, coho, and wint er steelhead, but conditions at Pelt on and Round Butte 
reservoirs have adverse effects upon the runs passing these projects. Some 
clues are evident as to the reasons why juvenile salmonids are successful or 
unsuccessful in migrating through a reservoir, but confident prognostication 
of passage success at future reservoirs cannot be made without additional 
studyo 
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INTRODUCTION 

This report.is presented to summarize findings and work completed 
to date on the federally financed program for limnological study of Merwin, 
Upper Baker, and Lower Baker Reservoirs. This report covers the time period 
from August 1962, when the field work began, to June 30, 1964. Objectives 
of the study were to gather information on the general hydrography and en
vironmental conditions in respect to fish in each reservoir, to determine 
water flow patterns, and to gain detailed information on water conditions in 
the forebay areas. It was planned to study the seasonal cycle of water 
conditions and effect of wind, power generation,and spill on water circulation 
in the reservoirs. The ultimate objective is to combine these data with in
formation on fish behavior to study the effects of the environment on the 
rearing and migration of juvenile salmonids. Field work has not yet been 
completed (scheduled for October 1, 1964) and data analysis is far from com
plete. The information presented is based on partial analysis of temperature 
data. 

DESCRIPTION OF AREAS 

Merwin Reservoir is located in southwest Washington on the Lewis River. 
The reservoir is approximately 10 miles long and 1 mile wide with a maximum 
depth of 200 feet and a surface area of 6,000 acres. The total water storage 
at full pool is 401,000 acre feet, with a normal maximum draw down of 13 feet, 
Turbine intakes are located at the 170 foot depth. Inflow varies seasonally 
from 50 cfs to 35,336 cfs while outflow varies from 636 to 35,136 cfs. 
Merwin Reservoir is fed from Yale Reservoir immediately upstream. 

Upper Baker Reservoir is located on the Baker River in northern Washington 
near the Canadian border. This reservoir has a length of about 10 miles, a 
width of 1 mile, a maximum depth of 300 feet, and a surface area of approximately 
5,000 acres. The total water storage at full pool is 285,000 acre feet with 
normal maximum draw down of 45 feet. Turbine intakes are located at the 100 
foot depth. Inflow from the Baker River varies from 478 cfs to 17,005 cfS:
Outflow varies from O cfs to 13,340 cfs. Construction of Upper Baker Dam and 
filling of the reservoir flooded old Baker Lake which is now present as a 180 
foot deep pocket in the upper (northeastern) part of the reservoir. The surface 
of old Baker Lake is 70 f eet beneath the present water surface. 

Lower Baker Reservoir (Lake Shannon) is located immediately below Upper 
Baker Reservoir on the Baker River. It is 9 miles long, 1 mile wide, and 240 
feet deep. The surface area is 2,200 acres at full pool with a normal maximum 
draw down of 42 feet. Turbine intakes are located at the 100 foot depth. 
Inflow from Upper Baker varies from 715 cfs to 18,885 cfs. Outflow varies 
from O cfs to 16,055 cfs. 

METHODS 

The program was designed to determine the general physical and chemical 
conditions in each reservoir during the first year and during the second year 
to make detailed studies on daily fluctuation of water conditions, effect of 
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wind, effect of power generation, and detailed information on the water 
conditions in the immediate forebay areas in connection with the juvenile 
fish collection facilities at Merwin and Upper Baker Reservoirs. 

The locations of the sampling stations in the three reservoirs are 
shown in Figure L Water sampling was conducted from a 17- foot outboard 
boat equipped with a standard hydrographic winch and a series of transducers 
coupled to deck meters for measuring oxygen, temperature, and conductivity. 

At each station a bathythermograph cast was first made to learn the 
general structure of the water column. Next, detailed measurements were made 
with the transducers, with particular attention directed to the areas of ver
tical temperature change. Based on these observations, a standard water bottle 
cast was made, collecting samples generally from six depth intervals for oxygen 
content. Reversing thermometer readings at two depths provided calibration of 
the temperature meter at each station, and the oxygen samples provided calibra
tion of the oxygen meter at each station. Water samples were immediately sent 
to the Department of Fisheries laboratory for analysis. All data, tabulation, 
correction, and calculations were completed as soon as possible after each trip. 
Analysis of the data is being accomplished by plotting vertical profiles of 
each variable for each trip. This analysis is based on differences occurring 
between trips, as well as tracing th� distribution of variables as related to 
the characteristics of the inflowing water. 

RESULTS 

Table 1 presents in tabular form the work accomplished on each of the 
three reservoirs through,Ju.ne 30, 1.964. 

T bl 1 L' 1 k a e - ,JJI no Of!Y wor 

No. of 
field trips 

!Merwin 35 

Utmer Baker 28 

Lower Baker 27 

General Limnology 

Merwin Reservoir 

1 t d comp e e . 
No. of 
individual 

57 

39 

27 

r I 

No. of forebay I No. of profiles 
sections· studit:fs pJotted ·· 

I 
25 

I 

45 
I 

11 15 

0 16 

The general seasonal cycle of water conditions in Merwin Reservoir is 
as follows: starting in October, the river flow was on the bottom; stratifica
tion was weak (Figure 2). In November, conditions were much the same with the 
river flowing along the bottom of the reservoir but cooling of the water had 
occurred. During December and January cooling continued and by February the 
reservoir was fairly well mixed (Figure 3), Pronounced seiches in the reser
voir, at times, caused a build up of inflow water at the head of the reservoir. 
In March weak layering was evident and the river flow was detectable flowing 
just under the surface layer (Figure 4) while by mid-April the river flow was 
detected near the bottom (Figure 5) with stratification becoming stronger. 
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In May the river flow continued at intermediate depth (Figure 6). During 
the summer months stratification became more pronounced with the development 
of a well mixed epilimnion. As the epilimnion increased in temperature and 
depth, the river flow was forced gradually deepe-r. Also the residual bottom 
water was drawn off by activities of the dam (Figure 7). 

Upper Baker Reservoir 
The general seasonal c�cle of water conditions in Baker Reservoir was 

as follows: starting in September there was thermal stratification in the 
upper water; the river flow was at intermediate depth (bounded by the 14.o 
and the 15.0 C isotherms) ; the water in old Baker Lake and below the intake 
at the dam was isolated and identified as a mass of cold water low in oxy
gen content (Figure 8). In October cooling of the river water, with a 
resultant density increase, caused it to flow into old Baker Lake replacing 
the residual water which in turn flowed into and replaced the water in the 
pocket below the level of the i�take behind the dam (Figure 9) . During 
winter the reservoir was fairly well mixed in all measured properties 
(Figure 10) . In spring the river water was confined to the surface and sepa
ration of the hypulimnion was starting to occur (Figure 11). In May pro
nounced thermal stratification occurred in the upper waters with the river 
flow just under the zone of rapid temperature change (Figure 12) . During 
summer this upper layer increased in thickness but in general a well defined 
thermocline did not develop. Strong stratification was present below about 
125 feet with cold, low oxygen water present at the deeper levels. Pronounced 
seiches occurred at times. 

Lower Baker Reservoir 
Lower Baker Reservoir has not been sampled in as great detail as 

Merwin or Upper Baker Reservoirs because of the problems of massive drifts 
of floating debris on the surface and unlogged standing trees on the bottom. 
However, the data are adequate to outline the general seasonal cycle. In 
October stratification was weak in the upper waters but a very evident bottom 
layer of low oxygen and low temperature water was present below the level of 
the outlet, 100 feet (Figure 13). In the fall vertical mixing begins and 
continues until about March (Figure 14). In April and May there was indication 
of layering of the water but a true therm.ocline was absent (Figure 15) .  As 
summer progressed the epilimnion developed with the river flow just under it. 
The water below the level of the intake during summer stratification was an 
isolated mass of cold water that gradually decreased in oxygen content. 

Differences between years 
Due to the mass of data collected, we have not yet completed a compre

hensive analysis of all the differences that occurred between the 1962 - 1963 
and the 1963 - 1964 years in each reservoir. The following generalization is 
intended primarily to point out the major differences that occurred in Merwin 
Reservoir only during the spring migration period of fish. 

Merwin Reservoir 
In mid-winter (January 1963) near normal horizontal orientation of the 

isotherms occurred (Figure 16), while vertical orientation of the isotherms was 
observed during January of 1964 (Figure 17). Vertical orientation of the iso
therms is an unstable situation that is of a temporary nature, probably induced 
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by a down reservoir wind. Stratification of the reservoir occurred during 
March 1963 (Figure 18). In March 1964 (Figure 19) the reservoir was uniform, 
and stratification did not occur until April 1964. The epilimnion was well 
developed during mid-May of 1963 while this did not occur until mid-June in 
1964. There was not a great deal of difference between the surface water 
t�mperature occurring between th.e two years but stratification developed 
nearly one month later in 1964 than in 1963. 

In both years the river:flow pattern followed the same cycle with the 
flow being generally along the bottom of the reservoir during the fall and 
winter. During early spring the river flow shifted toward the surface but 
in April once again shifted to the bottom. In early May it returned to the 
intermediate depth where it remained until fall. During summer the depth 
at which the river flowed in the reservoir was gradually increased due to 
warming and thickening of the upper layer. 

DISCUSSION 

During the. studies to date major differences have been observed between 
Merwin, Upper Baker, and Lower Baker Reservoirs and a better understanding 
of the reasons.for the differences has been gained. Governing factors are 
relative depth of the outlet, characteristics and source of the inflowing 
water, temperature of ,the ambient reservoir water, and wind. These are in 
addition. to·the obvious ones such as length, depth, width, and flow rates. 

Effects of turbine intake location temperature 
In a reservoir such as Merwin, witq the outlet located on the bottom, it 

was found that. a stronger and more pronounced thermocline, epilimnion·, and 
warmer .summea:-.1temperatures occurred than .at Upper Baker with a mid-depth 
outlet. (This is not to imply that depth of the outlet is the only reason 
for this difference.) 

Oxygen 
In a reservoir with the outlet at ihe bottom it was found that lack of 

oxygen does not.occur, and that oxygen levels are maintained above 8 ppm 
throughout the water column� In a 'reservoir.with the outlet at mid-depth 
isolation of the water was found below the level of the outlet for periods 
of up to 6 months with the oxygen levels decreasing to about 3 ppm. 

Inflow .. ··-� 
In Merwin, with the outlet on the bottom, significant time periods were 

observed when. the deep outlet and the characteristics of the inflowing water 
combined to produce a situation where the river :\'las flowing directly ·ctih"rough 
on the bottom w.ith little apparent exchange occurring between the river and 
the reservoir. In Upper Baker, with a mid-depth outlet, this is not as signi-
ficant. 

Forebay area 
Another result of the deep outlet is observed on the surface in the 

immediate forebay area. We.have observed that in general the drawing effect 
from the deep outlet is not sufficient to disrupt a well developed surface 
layer while in the case _of the mid-depth outlet, the com�ination of greater 
drawing effect near the surface and the weaker stratification tend to produce 
disruption ·of the surface layer in the forebay. This condition appears to 
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have significance in respect to operation of the fish collection facilities 
in the forebays. 

Effect of source water (inflow) 
Source and characteristics of the inflowing water appear to exert 

significant influence on the structure of the water mass in each reservoir. 
In Merwin Reservoir rather surprising changes in depth of the river water 
were observed to occur. The fall and winter condition of the river flowing 
on the bottom of the reservoir was anticipated, as was the summer situation 
of the river flowing under the surface layer. However, the spring cycle 
of changes in depth at which the river water was found had not been antici
pated. The relatively rapid change from river flow near the surface, 
sinking to the bottom, and shortly thereafter returning to intermediate 
depth is tentatively ascribed to slight changes in temperatures of the water 
leaving Yale Reservoir (the feed water for Merwin Reservoir), the unstable 
nature of the water column in Merwin during spring, and the seasonal cycle 
of spring warming. 

In Upper Baker Reservoir some interesting changes in depth of the river 
flow were also observed. These changes were, however, of a different nature 
and with a different effect. Seasonal warming of the Baker River (the feed 
water for the reservoir) occurred more rapidly than the water of the reservoir 
and at times the river was observed flowing on the surface in the spring. 
One situation was noted in the spring of 1963 when a period of warm weather 
apparently caused rapid melting of the ice and snow which resulted in signi
ficant cooling of the river. This caused an abrupt change in the flow pattern 
of the river in the reservoir. The river started flowing along the bottom 
into old Baker Lake replacing the previously isolated water below the level 
of the outlet. Replacement of the deep isolated water in Baker Reservoir is 
usually accomplished seasonally by cooling of the Baker River during autumn, 
resulting in flow of the river along the bottom replacing the resident water. 

The reader must bear in mind that this is a preliminary review of the 
data. In this report there has been no discussion of wind effects, effect of 
power generations, detailed studies in the forebay areas, or results of 
several studies conducted on Merwin Reservoir to determine daily changes in 
conditions. These effects are presently being analyzed. In the review of 
the data so far it appears as though the information gathered from this study 
is adequate and complete, enabling comprehensive description for each area of 
the parameters being investigated. 
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SUMMARY 

1. A two-year limnological field study of Merwin, Baker, and Shannon 
Reservoirs will be completed October 1, 1964. 

2. Preliminary analysis of the data has been presented in this report. 

3. The seasonal cycle of some limnological conditions has been 
presented for Merwin, Bake� and Shannon Reservoirs. 

4. A comparison of the 1962 - 1963 year with the 1963 - 1964 year in 
Merwin Reservoir indicates that more heating and stronger stratification 
occurred earlier in 1963 than 1964. 

5, Oxygen levels were found to be always high in Merwin Reservoir, 
while the waters deeper than the outlet became oxygen deficient in Upper and 
Lower Baker Reservoirs. 

6. The location (depth) of the outlet was found to play an important 
role in the structure of the water column of each reservoir. The deep outlet 
at Merwin tended to allow formation of the surface layer in the forebay while 
the mid-depth location of the outlet at Baker tended to disrupt the surface 
layer in the forebay. 

7, Source and characteristics of the feed waters to each reservoir were 
found to play a major role in vertical movements of the river water in the 
reservoir. 
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