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INTRODUCTION

This preliminary limnological study of Roosevelt Lake was
underteken by North Pacific Investigations at the request of Mr.
Hillory Tolson, Acting Director of the National Park Service to
Albert M. Day, Director of Fish and Wildlife Service, December 23,
1947. The Park Service, charged with the deweloyment of the recre=
ational potentialities of Roosevelt Lgke,‘ was vitally interested in
having good sport fishing in the lake. At the time the request was.
made, and up to the present time (1949), geme fish wex*q and are in
small abundence with good fishing soattered and mostly ocourring
outside the main tourist sesson. As.a first step toward rectifying
this situation a thorough survey of the existing fish populations,
water conditions and fish food supplies was needed.

Grateful scknowledgment is due Mr. Claude E. Grieder and
assistants of the National Park Service, Lieut. Coom. J. To Jarman
of the U. S. Coast and Geodetic Survey, and Mr. Don Earnest of the
Washington State Game Department for their cooperation and assistance.

GENFRAL INFORMATION ABOUT THE AREA

Grand Coulee Dam, largest man made structure in the world, is
located in the northeastern section of the State of Washington. It
is a United States Bureau of Reclamation project which will ulti-
mately irrigate 1,200,000 acres of land, and at the present time is ;
& major source of electrical power in the Pacific Northwest.

Roosevelt Lake, the impoundment behind Grend Coulee Dam is
161 wiles long and extends north to the Canedian boundery. It has.
an average width of 4,000 feet, an average surface area of 82,000
acres, and a storage capecity of 10,000,000 acre-feete The hke
has 600 miles of shoreline of which the greater part has been es-
tablished as a National Park for recreational purposes. Unlike
most reservoirs the lake has not been drawn down in swmmer, thus
providing more desirable conditions than. .Qther impoundments for
recreation and the growth of aquatic organisms.

‘ SOurce of water supply for the storage reservoir and dam

originates in three principal systems: (1), Columbia River. proper,
which rises in Columbie Lake in British Columbia, flows north-

westerly thence south and west around the Selkirk Range and enters
the United States in the northeasterp. psorner of the State of Wash-
ington where it flows into Roosevelt Lake; (2), Kootenai (Kootenay)
River, which rises in British Columbia near the source of the main
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Columbie, flows in an opposite direction (southeasterly) parallel
to the continental divide, enters the United States at the Idaho,
Montena, British Columbia corner, follows a curved course for 167
miles, flows through Lake Kootenay in Canada, and finelly empties
into the Columbia River proper about 30 miles north of the inter-
national boundery, (3), Clark Fork, which rises in Montana, orosses
Ideho end the northeest corner of Washington and joins the main
Columbia close to the International boundary just below the mouth
of Kootenal River. The lake has 74,100 square miles of drainage
area of which 39,000 square miles is in Canada.

Roosevelt Lake is located 92 miles west and north of Spokane,
Washington and about 240 miles east of Seattle. It is easily ac~
cessible by good highways and less than a day's drive from other
major tourist attractions in the Pacific Northwest. Larger towns
adjacent to or easily accessible to the lake include the following:

g Population

Grand Coulee 3,659
Colville 2,418
Davenport 1, 337
Wilbur 1,011

Counties surrounding the lake and their populations are: Ferry .
county, 4,70l; Stevens county, 19,275; and Lincoln county, 11, 361.

The lake is bordered by the Colville National Forest on one
side and Keniksu National Forest on the other side in the northern
parte South of the National Forest area is the Colville Indian
Reservaticn on the west side and the Spokene Indian Reservation on
. the easte Principal industries of the region are stock grazing,
wheat farming, diversified farming on a small scale, lumbering and
mininge

The olimate of Roosevelt Lake is influenced by the preveiling
weesterly winds, which produce five to tén inches of precipitation in
the lower twenty miles of its watershed. This moisture supports a
growthk of bunch groase of the type charescteristic of pleins gresslend,

The remaining portion of the reservoir, with ten to thirty inches
of rainfall, is forested with yellow pine, Douglas fir, Western larch,
and Western white pine. Normal air temperatures are 32 E, in
January and 68° E; in July (Goode, 1948).
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‘THE. SURVEYS"

- Three: uptnu surveys were:made; during the 1948 periods: July
6-16, August 16-20, axd September T«9 . During the first survey work
was dome. from a 23 foot diesel powered workboat supplied by the National
Park Seérvice. TUse of this bout, however, proved unduly time: consuming
and the seocond: two surveys were: made by means of an outboard motor
powered skiff whieh was moved from plece: to place with an auntomobile
end trailer., Points at which data were taken and the dates npon
which they were visited were as followtn

Stwuou Firtt Suw_ogr N Scbond 6mey - Third Survey
So.n Poil River ' July SIS August 17 September 8
Spokane River July 15 o Augult 18 . . September: 9
Hall Creék ¢ : ' Jaly 18 3 7 > .. L e :
Colville River - July 32-- - v .. - -

Kettle River = = Jaly 9 ¢ o o of Augmt 19 ©  September 10

FlatCreek © ©  July 10 < ¢ 4 o e o we

PE!SIM wRLCl'ERISTICS

M: oaeh station on’ thb tmt m lw tho mtnn, oxygon
oontent, free oarbon dioxide,’adidity, hydroxide; carbomate, diear~
bonate, alkalinity, pH, ‘and turdidity were measured. Buring the -
third survey only tempeuture and turbidity were measured, as it was
felt that more time should be spent on gill netting. All of the
above variables except turbidity were measured at a number of
different depths, 1n order tha.t their vertioal dil tribution might
be ascerﬂined. v T ,

In 1nterpret1ng tho chta presen'bed in the ublu, it lhould be :
kept in mind that all of the stations were located near streams, so
that the characteristios of the water at the stations could be in=-
fluenced to some extent by the inflowing stréam water. An idea of
the influence upon lake water to be expected from streams emptying
near stations ecan be gained from the follouing iist of- peroen'bq;ea
of toml flow tm'ough Roonyelt le.o: T S

‘ Stuum : o g o 'Peroanugh or 'mul Flow
San Poil R:lver : : : 0.2 e
Spokene River Tel
Hall Creek Less than 0.l
Colville River 2.4
- Flat Creek Less than 0.1
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Temperatures

Table 1 lists the subsurface temperatures teken at various
stations along the lake. The instrument used for these determinea-
tions was a Foxboro Portable Indicator manufactured by the Foxbero
Compeny of Foxboro, Massachusetts.  Inspection. of Figure 1, showing.
temperature curves at three different stations, indicates that mno
thermocline was present in Roosevelt Leke at the time of the obe .
servations, , W

‘In Figures 2 and 3, temperature ourves for days of maximum
temperature gradient were plotted from dets taken near Grand Coulee
Dem by the Bureau of Reclemation during the years 1943 to 1947,
During that period the maximm temperature gradient occurred in
August, just before surface cooling began. In 1946 and 1947 a
second maximum temperature gradient ococurred in early spring before .
the spring runoff (figure 3)e In these years the otserved gradients
were very slight, with.the single exception of May 5, 1947 (Figure 3)
when tempereatures between the five and ten foot depths were indicative
of a poorly developed thermocline.

The reason for the absence of thermsl stratification lies in the
ratio of inflow to storage ocapecity; although the lake can retain
10,000,000 sacre~feet of water, the average annual flow of the river
is 80,000,000 acre=feets Thus the reservoir oould be refilled eight
times in one year by the flow of the river into it. :

Chemiocal Constituents

The following peragraphs set forth the results of chemioal
analyses that were made at the mouths of the mious streams flow-
ing into Roosovelt Lake. :

Defemination of pH

Table 2 includes all of the pH readings, which were made by
means of a standard colorimeter set. The pH of all waters tested .
ranged between pH 7.2 and 8.2, well within the pH 6.3 and 8.5 range
considered readily tolersble by most fresh-water fishes (if the
veristions result from relatively small amounts of carbon dioxide
and oarbonates as was true in Roosevelt Lake).
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Figure 2. -= Water tempcrature at the time of gregtest'dégreo of
stratification before surfaceé c6oling, Grand Coulee
Dam, 1943 to 1945.
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TABIE 1.

Temperatures at stations in Roosevblt‘Lake, 1948,
in degrees Fahrenheit,

Depth San Poil River __Spokane River Hall Creek Colville R,
in Feet 7 8/17 9/8 7/1s  8/i8 9/9 7713 7712
0 59,5 66,0 65,0, 66,0 68,7 67.8 66,0 60.0
5 - - - 85,0 - - 67.0 - Y
10 59,0 66,0 65,0 -jg.o 68,7 65,9 63,0 y
15 - - - 1 -- 65,5 1
20 59,0 65,4 65,0 66.9 65.0 Y
30 58,5 65,0 64,8 6642 64,8 .
40 58,5 65,0 64.4 65.8 64,6
50 58,5 64.4 64,3 85.3 64,3
60 - - - - -
70 - - - - -
75 58,5 64,2 63,8 64,0 63,8
80 58,5 - - - -
100 58,5 63.5 63,5 63,0 63.0
150 58,0 63,0 63.4 61,2 62,6
200 57,5 61.5 63.4 60.1 62,3
240 - 59,5 = - -
250 57,5 - 63.0 59.4 62,3
285 - - - 59.2 62.3
300 57.0 - 6100 - -
352 56,6 - 59,1 - -
Depth Kettle River Flat Creek
in Feet T7/9  8/19 9/9 —/10
0 69.5 63.7 62.3 0  60.0
5 - - 61.7 Ve
10 58,5 63.5 61,5
15 - - . 61.1
20 58,5 63,0 60,7
30 58,0 63.0 60,7
40 58,0 63,0 60,7
50 58,0 63,0 60,7
60 58,0 63,0 60.5
70 58,0 63,0 60,2
75 - - -
80 58,0 = 60,0 i
100 -
150
200 '
240
250
285
300
352

1{' No temperatures at this level and below, due to failure of thermometer,



TABIE 2. Colorimetric determinations of Hydrogen-ion concentration,
and accompanying temperatures, Roosevelt Lake, 1948,
Depth San Poil River Spokane River
in ° 778 ~ :‘}7{‘ 5 . 571%'—5
Feet Temp. Fe p- Temp. Fo pi Temp. Fe po Temp. Fe p
0 59.5 7.6 86,0 8.0 R. Ted 6847 7eB
10 59,0 - 745 66,0 8.0 : Tebd 68457 - 7.8
20 69.0 TeS 65,4 8,0 64.0 Teb - 66,9  Te8
30 58,6 7.5 65,0 8,0 1/ Teb 6642 7.8
40 58.5 Te& 65,0 7.8 v Te5 6548 Te8
60 - - - - 7.5 -, -
67 - - - - 7.6 - -
70 - - - - 7e5 - -
80 58.5 - - - - - = -
100 58,5 7e5 63,5 7.6 7.5 63.0 7.6
122 - - - - - - -
150 58,0 TeS 63,0 7.6 TeB- 61.2 7.6
200 57.5 75 61,5 7,6 7.5 601 7.6
240 - - 59.5 7.2 - - .-
250 57.5 Ted - - - 58,4 7.6
- 260 - - - - 746 - -
285 - - - - - 59.2 8.2
300 57,0 7.5 = - - - -
352 56,5 7.5 - - - - -
Depth Hall Creek Colwille River Kettle River Flat Creek
in 7/13 7/12 7/9 8/19 7/10 g
Feet  Temp. F,. pH Temp. Fe p~ Temp. F. pEi Tomp. Fe Temp. Fe P
0 86.0. 7.6 60,0 745 59,5 7«5 63,7 8,0 80,0 Te5
10 63,0 7.5 1/ 7.6 68,6 7.6 63,5 7.2 1/ 7.5
20 1/ 1.5 7.6 58,5 7.5 - 63,0 T7e2 745
30 - Te5 7.6 58,0 Te5 63,0 Ted 7.5
40 7.5 7.6 58,0 Te5 63,0 T4 Teb
50 7.5 7.8. 58,0 75 63,0 7.6 75
60 - - : 5500 7.5 65.0 7.6 7.5
67 - - - - - . - 7'6
70 - - 58,0 7.5 63,0 7.6° :
75 7.5 7.6 : - - T .
80 - - 58,0 7.5
100 7.5 7.6
122 7.6

1/ No temperatures at

ﬁhis level or below, due to failure of thermomatef;



Alkalinity

The property of buffering in a lake may be important to prevent
sudden shifts to extreme acid or alkaline condition. Therefore,
acidity and total alkalinity were determined because of their oapacity
to neutralize many types of wastes. The method used for determining
these alkalinities involved the use of two indicators; phenolrhtha~
lein and methyl orangee. Titration was done with .02 normal sulfuriec
acide Since the alkalinity is generally the result of carbonates,
calciun carbonate in particular, three types of alkalinity were
evaluated (Table 3) -- namely, hydroxide (OH), normal ocarbonate (003),
and bicarbonate (HCO ) == the three summed as total alkalinity ex=
pressed as caloium odirbonate.

With the range of carbonates and bicarbonates as caleium car-
bonate extending between 35 and 62 P,P.M., Roosevelt Lake lies well
within the bounds (O to 350 P,P.M.) established for naturel unpolluted
waters supporting good fish faunas The expected values for most lakes
are between 45 and 200 P,P.M. No evidence of hydroxides, which are
added through pollutants or chemical wastes and may ceuse great damage
" to the faune, was found in any of the samples taken.

Carbon Dioxide and Acidity

Free Carbon dioxide and total acidity as calocium carbonate were
determined by titration with /44 sodium hydroxide solution using
phenolphthalein as the indicator. As in the majority of natural
waters containing good fish fauna, Roosevelt Lake has very little
free carbon dioxide (Table 4). The soarcity of free carbon dioxide
is due to its reaction with other compounds in solution plus con-
stant adération. Small quantities are important, however, to bacterial
growth and photosynthetic activities of chlorophyll bearing plants.

The importance of acidity in the water lies in its capacity to
neutralize alkaline pollutents and other types of wastes. Its presence
in natural waters is usually due to the presence of oarbon dioxide and
other organic acids. Carbonates and blcarbonates in the quantities
found have little immediate effect on fish, but do influence the
living habits of the fish indirectly. Bloarbonates are necessary
for the process of photosynthesis which completes the food chain
upon which fish depende Even though in some samples only small traces
of oarbonate were found, and the amounts in others were undetectable,
these minute quantities are valuable for phytoplankton and other aguatic
plants. :
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TABIE 3. Hydroxide alkalinity in P,P.M., calcium carbonate
-° normal carbonate as P,P.M., calcium carbonate
bicarbonate in P.P.M. of calcium carbonate and
total alkalinity, Roosevelt lake, 1948.

_ Depth S AN POIUL RIVYER.

YT v . P ™

in 7/8 ‘ 8/17
Feet. (OH) (COz) (HCOg). Tot,  (OH) (COg)  (HCOg) Tots

57.0 57,0

0 o o0 , , "0 1.0 53.0 54.0
100 o0 0 58,00 58,0 O 1.0 58,0 59.0
20 0 0 59,0 59,0 0 1.0 58.0 59.0
30 0 0 59.0 59,0 © 1.0 - 58,0 = 59.0
40 0 O 59.0 59.0 0 1.0 68.0 59,0
50 O 0 59.0  59.0 © 1.0 58,0 69,0
€0 N N v : - * o -
67 - - - - - - - -
70 - - - - - - - -
75 0 0 59.0 §9.0 O .0 59.0 59.0
80 - - - - - - - -

100 O 0 59.0 59.0 0 0 69.0 59.0
122 - - - C - - - - -
150 o 0 69.0  69.0 O 0 © 59,0 59,0
200 0 0 59,0 ' 59,0 0 0 59.0 59,0
240 - - © - - 0 o 62.0 62,0
250 0 O 59.0 §9.0 ,

260 - - - -

285 - - - -

300 0. 0 60,0 60.0

352 0 0 60.0 60.0
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TABIE 3 (Cont'd)

r——— e
— m——

Depth S POKANE RIVER
in 7/16 _ 8/18
Feet  (0H) (CO4) (#50g) “Tot. (0H) (COz) (HCOz) Tot.

—r

35.0 36,0

0 0 1.0 : 0 2.0 47,0 49,0
10 0 1.0 46,0  47.0 0 - 2,0 56.0 657.0
20 0 1.0 58,0 59.0 0 2,0 55,0  57.0
30 0 1,0 58,0 59,0 0 1.0 56,0 §7.0
40 0 1.0 58,0 59.0 0 1.0 56,0 67.0
50 0 1.0 58,0 59.0 0 o 57.0 57.0
60 - - - - - - - -
67 - - - - - - - -
70 - - - - - - - -
75 0 0 0 59.0 0 0 57.0 57.0
80 - - - - - - - -

100 0 0 0 59.0 0 0 57.0 57.0
122 - - - - - - - -
150 o] 0 0 59.0 0 0 57.0 57.0
- 200 0 0 0 59,0 0 0 57.0 57.0
240 - - - - - - - -

250 - - - - 0 0 57.0 57.0
260 0 o} 0 35,0 - - - -
285 o} 3.0 56,0 59.0
300

352

12



TABLE 3. (Cont'd)

Depth HALL CREEK COLVILLE RIVER
n T — 7 -
Feet (0H) (COg) (HCO,) Tots TOH} - (co,) (Hcog) Tot.

S R B BEO 888 0 0 B5.0 B9.0

.10 o 0 59,0 59.0 o 0 59,0 69.0
20 o o 59.0 59.0 0 0 59,0 59.0
30 0 0 59.0 59.0 o 0 69,0 59.0
40 0 0o 59,0 59,0 o 0 59.0 59.0
50 0 o 59,0 59,0 o o 59.0 - 59,0
60 - - - - - - - -
70 - - - - - - - -
75 0o -0 61.0 61.0 o o 69,0 59.0
80 - - - - - - - -

100 0 0 63.0 63.0 0 o 569.0 59,0

122 0 "0 630 63.0
TABLE 3. (Cont'd)
Depth KETTLE RIVER FLAT CREEK

oo e ToT T SO, /2

Feet ~(UH) (CO,) (HCO;) Tote g (HCOZ) Tot. (OH) (CO) (HCOg) Tot.
0 o (o) 61,0 61,0 O 3.0 . 51,0 54,0 0 O 59,0 59.0
10 0 o 610 61,0 O 0 b54.0540 O 0 69,0 59.0
20 0 o 61.0 610 O 0 54.0 5%;0 0 0 59.0 59.0
30 o 0o 61,0 61,0 O 0 54,0 54,0 0 o 59,0 §9.0
40 o 0o 61,0 61,0 O o 54.0 54.0 0 K¢ 59,0 59,0
60 0 0 61,0 61l.0 O 0 54.0 54.0 0 0 59.0 59.0
60 0 o 61.0 6l.0 O -0 54.0 54.0 0 0O 59,0 59.0
67 - - - - - - - - 0 o 59,0 59,0
70 o 0 61,0 61,0 O 0 56,0 56,0
75
80

100
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TABIE 4. Free carbon dioxide in P.P.M. and acidity as
calcium carbonate in P.P,M., Roosevelt Lake, 1948,

Depth’ Sen Poll River Spokene River Hall Cr, Colville R,
in ~ 7/8 8/17 7/15 8/18 7/13 7/12
Feet COp Acid. COp Acid. COp Acide COp Acide COp Acide COp  Acid.

0 0.5 1.1 ind - - - bl - 0.5 1.1 005 1.1
10 0.5 1.1 - - - - - - 0.5 1.1 0.5 1.1
20 0.5 1l.1 = - - - - - 0.5 1.1 0.5 1.1
30 0.5 101 - - - - bl - 005 1.1 0.5 1.1
40 0,5 1.1 - - - - - - 0.6 1.1 0.5 1.1
50 0.5 101 - - - - 0.5 1.1 0.5 : 1.1 0.5 1.1
60 -~ - - - - - - - - - -
67 - - - - - - - - - - -
70 - - - - - - - - - - - -
75 0.5 1l.1 0.5 1.1 065 1lol 0.5 1le1 0.5 1.1 0.5 1.1
80 - - - - - - - - - - - -

100 0.5 1.1 0.5 1.1 0e5 1lel 0.5 1ls1 0.5 1.1 0.5 1.1
122 - - - - - - - - 005 1.1 - [l
150 0,5 1l.1 0,5 1,1 0e6 1ol 0.5 1.1 - - - -
200 0.5 1l.1 4.0 %%l 0.5 1.1 1.0 2,3 - - - -
240 - - - - - - - - - - - -
250 065 141 - - - - 0,5 1,1 - - - -
260 - - l.O 2.3 1.0 2.3 - - - — - -
285 = - - - - - - - - - - -
300 0.5 1l¢1 = - - - - - - -
362 1.0 2.3 = - - - - - - - - -

Depth Kettle River Flat Cr,
in /9 8/19 7/10

Feet CO2 Aocid. CO2 Aecid. CO2 Acid.

0 0.5 1.1 = - 0.5 1.1
10 0.5 1l.1 0.5 1.1 0.5 1,1
20 0.5 1ol 0.5 1.1 0.5 1.1
30 0.5 1.1 0.5 1.1 0.5 1.1
40 0.5 1.1 0.5 1l.l 0.5 1.1
50 0.5 1.1 0.5 1.1 0.5 1l.1
60 0.5 1.1 0.5 1.1 0.5 1.1
67 = - - - 0.5 1.1
70 0.5 1.1 4.5 10,2 - -

75 - - - - - -
80 0.5 1.1 = - - -
100

14



‘Disgolved oxygen . .. _. . . . .

A oomplete aories “of diuolwd oxygen detemimtiona was made
at the various stations using the baslic Winkler méthod as desoribed .
in Ellis, Westfall snd Ellls (1946). Table 5:is a gamplete: tabulation

of the findtngs in parts per million-of dissolyed oxygen wt the various -

stations on the lake. The ‘oxygen readings are acociipanied by thhper-
atures becdiuse of the comparativé. importance of the Igttoﬁ"ﬁ; the
respiration ‘of angtio organisms. Oxygen demdnd for extmplié is
almost doubled by ‘s rise of 10°C, and oxygen 'has twioe the ‘supply
value at 5% as at’ IQ"C, (Ruttner, 1926). cm1¢er1ﬂg that ‘water
oontaining 5'P.P.M. dissolved oxygen free from pollutsnts is gener-
ally regarded as favorable for fresh water fishes, it can be seen
from Table § that sufficient oxygen for fish exists in the reser-
voir. It is interes ting to note that slightly, leaq Q:qgon was found
in the Spokane River area than at other points. This may pouibly
be a result of oxidation of raw sewage and 1nduatri,a; polt tants
which are pdured from the City of Spokene sewer sye tem ints" 't‘ho
river at the preaen,t tine. No dangeromly low . oxygen oonqontrations
were found, however. ; 4 g o

BIES §

Table 6 oonbains the values in percentages of saturatfon of
oxygen in aooordanoo with temperatures and normal surface barometrio
pressure at an elevation of 1,000 feet. From the Table it can be
seen that practiocally all readings were at or near the aaimntion
point.

R ST o
Tra.mparenoy ‘of the ther ERAAAE
i
« A secchi disk was. used to. mgunre ,.tmnaparamy of the 1aka mtgr.
It onnsistod ‘of & round metsllic plate waightad with lead having .black
and white quadrants paintad on dts surfsde; it was lonqred Jy & rope
marked at half meter intervals. The dapth at which the diak disap-
peared from view was recorded, and it was then 1lifted until it reap-
peared. The average of these two readings waa listed as the limit of

visibility. These Secchi disk raadingg ‘furnished a useful, rough
index ‘Por purposes of oomparison. i

Table 7 is « a;umary of‘ trm’pardndy; readings taken in 1948,
From them, two phenomena are apparent: a gradual diminution of the
silt load near the surface at stations sucvcessively farther downe
stream in the reservoir; and a clarificatlion of the water throughout
the reservoir as flows subsided from the record spring runoff in 1948.
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TABIE 5. Dissolved oxygen content at stations in Roosevelt Lake
in parts per million, 1948, with accompanying temperatures.
Depth San Poil River Spokane River
in 7/8 ' 8/18
Feet . 02‘ %, 02 %p. O2 QF. 02 -
0 59,5 102 6640 8.8 66,0 8.8 68,7 8.8
10 59.0 10.2 66.0 9.2 64,0 9.2 68.7 8.8
20 59,0 10,4  65.4 10.2 1/ 9.2 66,9  .8.8 .
30 58.5 10.4 = 65.0 10.2 g.2 66,2 . 8.8
40 58,5 10.4 65,0 10,2 9.2 65.8 8.8
50 58,5 10.6 = 64.4 10,2 - 9.2 65.3 8.8
60 - - - - - - -
67 - - - - - - -
70 - - - - - - -
75 58,5 10.6 64.2 9.0 9.2  64.0 8.8
80 58.5 - . - - - - -
100 58.5 10,4 = 63,5 8.6 9.2 63.0 8.8
122 - = - - - - -
150 58,0 10.4 63.0 8.2 9.2 61l.2 8.6
200 57,5 104 61.5 8,8 9.0 60.1 8.6
240 - - 59,5 8.2 - - -
250 65746 10.4 - 59,4 8.6
260 - - 8.8 - -
285 - - 59,2 8,6
300 57,0 10.4 ’
352 56e5 946
Depth Hall Creek Colville R. Kettle River Flat Creek
in 7712 779 8/19 7710
Fest op, 03 %, % o, O o 0 o O
0 66,0 10,6 60,0° 10,4 69.5 10,4 63,7 9.2 60,0° 10.6
10 63.0 10,6 1/ 10,6 68,5 10,8 63.6 9.2 1/ 10.6
20 10.4 10,6 6846 10.6 63,0 9.2 10.6
30 10.4 10,6 58,0 10.6 63,0 9.2 10.6
40 10.4 10,6 58,0 10.6 63,0 9.2 10,6
50 1004 10.6 5800 1006 65.0 9.2 1006 -
60 - - 58,0 10.6 63.0 9.2 '10.6
67 - - - - - -
70 - - 58.0 . 10.6 63.0 Y 902 v
75 10,4 10,6 o
80 - ' - 68,0 10,6
100 10.4 10,6
122 10,4 -

l/ No temperatures at this level or below, due to failure of thermometer,
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TABIE 6. Dissolved oxygen given in percentages of saturation at
stations in Roosevelt lake, 1948, at 1000 foot normal
atmospheric pressure.

L

Depth San Poil R, Spokane R, 'Hall Cr, Colville R. Kettle R,  ~ Flat Cr.
Feet 7/8 8/17 7/15 8/18 1/A3 17/12 17/ 8/19  17/10
O 105 98 98- 101 118 108 107 99 110
10 104 102 100 101 115 108 99
20 106 112 99 : 108 99
30 108 112 98 . 108 99
40 106 112 97 108 99
50 108 112 97 108 99
60 - - - i 108 99
67 - - - - -
70 - - - 108 99
75 108 98 96 -
80 - - - 108
100 106 92 95 ;
122 - - -
150 105 88 9l
200 105 93 90
240 - 85 -
250 106 89
260 - -
285 - 88
300 105 "
352 104
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The heavy silt load in July could be detrimental to the pro-
ductivity of the lake by reducing the penetration of the sunlight
whioch is required for growth of phytoplankton. Similar observa-
tions should be continued in the future to determine whether 1948
was an abnormal year due to its record spring runoff.

PLANKTON

Plankton samples were taken whenever water analysis was made at
the various stations located on the reservoir. Plankton material
was secured by means of a standard type plankton net with a 3-3/4
inch orifioe, a brass collection bucket, and covered with number
20 8ilk bolting oclothe The procedure used was to lower the net
10 meters and slowly raise it to the surface. By standardizing this
procedure & rough quantitative comparison among various stations located
on the lake was made possible; it was acoomplished by inspection of
uniform diameter vials containing the preserved plankton. Rather meager
hauls at stations upstream as compared to good takes below indicated
greater productivity in the downstream portion of the reservoir. This
undoubtedly is due to the stream-like nature of the upper section
of the reservoir as compared with the deeper, slower-moving section
below,.

TABLE 7. 1948 Secohl Disk readings Roosevelt Lake,
measured in Feet.

Date of San Poil Spokene  Hall Colville Kettle Flat
Surveys River River Creek River River Creek
July 6-16 8.0 5.0 6.0 6.0 5.0 5.0
Aug.lls-zo 16,0 15001 10,0
Sept. T7=9 2660 18,0 13.0

FISH POPULATIONS

Gill Net Sempling

Fish sampling was carried out by means of gill nets at six
different locations along the reservoir (Figure 4). Three nets were
used; they were 125 feet long by 6 feet deep, and had mesh graded from

18



SCALE 25
Roosevelt Lake, s 20 Miles °=—=—=I

’ mdes.1 thru 5,1% 6000’ S .. .
Inset 6,.......... 1% 600' 8%

LEGEND
" Position of-net sels...... PRSI

Pigire 4. -- Locations at which gill nets were set, Roosevelt Lake, 1948.
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1 to 4 inches stretched measure. Sets were made overnight and the nets
were hauled in each morning. The fish were measured, and a ssmple of
each species was saved for purposes of identification,

Table 8 shows the results of fishing both at the surface and at
the bottome In 21 net-nights of fishing on the bottom, there was an
average catch of 7.4 fish per nete-night, and in 9 net nights of fishing
at the surface 7.3 fish were caught per net-night. The largest single
haul consisted of 28 fish taken in 6 feet of water at a point one mile
above the mouth of the San Poil River. All fish appeared in good
condition although tapeworms were found in some of the squawfish and
chubs. Sizes of fish ocaught are shown in Table 9. Larger squawfish
and suckers welghsd as much as two pounda.

The most numerous fish in the aamples were squawfish, which ac-
counted for 60 percent of the catch. Chubs were next in abundance,
comprising 22 percent of the catch. More chubs were caught near the
surface than at the bottom.

While the sampling might indicate that the squawfish was the
predominant species in the lake, it is believed that the carp is
more abundent, Carp apperently do not readily gill as the only oarp
caught was snagged by the barbs in its dorsal spine. The Washington
- State Department of Game seined 50 toms of carp in 1947 and 100 tons
in 1948 from Roosevelt Lake. These were taken near the mouth of the
Kettle River and near the town of Marble and were used for hatchery
food. .

Numerous carp were seen in the lower portion of the Kettle River
during August and September. They form spawning schools in the
shallow slough areas during the spring and early swmer months, at
which time they are easily taken in seines.

Sport Fis hinL

Some information on the fish population of the lake was obtained
from looal sportsmen. In addition to those species mentioned in ‘
Table 9, sportsmen reported having ocaught the following: o

l. Rainbow trout, Sexlmo geirdnerii
2. Brook trout, seTvellnus Tontinalis
Se Whitefish, Prosopium coulteri,
, Prosopium williemsoni, ﬁ-o:cspiun oregonium
4., Kokanee (landlocked sockeye salmon), Oncorhynchus nerka kennerlyi
6. Kamloops trout, Salmo gairdneril keamloops
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TABIE 8 Data on gill net catohes of fish 1n Roossvelt ‘.Ia.ko. 1948, Rach
line of the table represen’cs tho se‘b of -one neh ‘
. Number of . Dgpth fished L Fish per
Area fished Date . hours ﬁshpd " feet Fish 69.95 ht net hour
o dttom : o G

San Poil R. July 7 . 45 S8 0.41
San Poll R. July 7 16.5 . . 6 28 .. 1,81
San Poil R. July 7 16,0.. . . 100 4 0,27
Spokane R. July 14 11,0 "~ 10=-20 . 3 - 9,27
Spokane R. July 14 12,0 20=30 L 3 033
Hall Creek July 13 14,0 70 . 2 0.14
Hall Creek July 13 14,5 - 80. - 0.00
Colville R. July 11 16,0 . 90 4 0.25
Colville R. July 11 16.0 ?-20 2 0.12
Kettle R. July 9 16.0° 6 8. 0.50
Kettle R. July 9 14,0 ‘11 1n - 0.78
Flat Creek July 10 13.0 10 s 0.23
Flat Creek July 10 13.0 10 ¢ 4. 0.31
San Poil R. Avug. 17 17,0 .30 ¢ 11. 0.65
Spokane R. Aug. 18 16,0 ‘45 5 0.33
Kettle R. Aug. 19 16.0 - 26 17 . 1,06
Kettle R. Aug. 19 16.0 ‘20 20 1,25
San Poil R. Sept. 7 1646 - ;28 ¢ 8 0.48
Spokane R. Sept. 8 16.5 30-40 - P 0045
Kettle R. Sept. 9 17.0 40 b 0429

Total 312,56 166 0.50

Surfupé &u;

San Poil R.  Aug. 17 ﬁ17.0-;;:; 7 0,41
‘Spokane R, Avg. 18 16,0 13 087
Kettle R. Aug. 19 - ! . . b 0.31
San Poll R. Sept. 7 4 0.24
San Poil R. Sept. 7 4 0.24
Spokane R, Sept. 8 13 0.81
Spokane R. Sept. 8 12 0.75
Kettle R. Sept. 9 6 0.38
Kettle R. Sept. 9 2 Ou1ll

Total 66 O0e44
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TABLE 9o Species composition, size renge, and average size of
fish caught by gill nets, Roosevelt Lake surveys, 1948.

e,
E—— e — e e e e e~ = 3

Size Average

Bottom Haul Surface Haul A1l Hauls Range, Size,

Species Noe % No. £ No. < Inches Inches

Squawfish, Ptychocheilus oregonensis 102 66 3l 47 133 59¢9 4+3-15.0 9.5
Chub, Mylocheilus caurinus 22 14 28 42 50 22,5 545-11.0 865
Sucker, Catastomus specles 15 10 1l 2 16 Te2 607-16.2 10.9
Shiner, RIchardsonius balteatus 6 4 6 9 12 5.4 4.7-5.9 5.3
Perch, Ferca Ilavescens 5 8 - - 5 2.2 3.9-9.1 6.8
Tench, Tinca tinea 2 1 - - 2 0.9 7.9 7.9
Sunfish, Lepomis gibbosus 2 1 - - 2 0.9 3.9-4,5 4.2
Sculpin, Cottus species 1 1 - - 1 0.6 5.9 5.9
Carp, Cyprinus carpio 1l 1 - - 1 0e65 177 17.7
Total 166 100 66 100 = 222 100  3.9=17.7 -



6e Cutthroat trout, Salmo .clarkii ‘

7. Char or Dolly Varden traut, c§aluunus ul:u
8. Bass, largemouth black, Mioropterus salmoldes
‘9« Bass, smallmouth: blaok, Miomm dolomiou

Ono sportsmen was ohscrved fiah:tng for omy fish near tho
Colville Rivere.

Tom Rouston of Northport, Washington, who has fished the Columbia
River and tributaries in the area for ‘about 40 years, stated that
large catches of prize fish were caught when Few people lived in the
area but that fishing became progressively poorer as more fishermen
came to the area. Ocoasionally Mr. Rouston oatohes rainbow, brook, -
and Dolly Varden trout; but shiners, whihrioh, squawfish, oarp, and
suckers are more common, -howevere.

Harvey. Broderious, ala—o of Northport, oomplained ,tintk_vhitefilh: |

- seemed to have almost disappeared since the impoundment was olhbliah&d;»

Aoccording to another 0ld time local sportsman, Frank Himes of -
Keller's Ferry, Washington, bass and occasionally kokanee are caught .
in the San Poil River, but catches of fish other than .sorapfish have:
been small. He also reports that a run .of kokanee asoends the San ...
Poil River to spewn every fell. A large apecimen wes ocaught by him - -
in a stunmmed condition this spring, -and he :saved the head, which was .- -
seen by the writers. Judging from the -head size the fish must have - -
weighed between three and four pounds or as much as a Columbia River
sea=run blueback. There is poor fishing in the slackwater of the

‘San Poil River, but in the upper portions of the stream there is

fair fishing for trout and the lt-ream is still haavily fished,
Hines reportse’

A large: number of kohme wers . obaorvod spu.vning 1n tuo &tn» Po.tl ‘
River in 1948, by Clifford J. Burner of the Fish and Wildldfe Bervice. .
He reports spawning land-locked salmon from the fir-t rﬁ'ﬂq aban
slack water to rifty miles upattean. Sl oAy ,

Every year numerous kokanee are fonnd below Grand Ooaloe Du. |
of which many are dead and others are: injureds : What ocauses tha
lend-locked blueback salmon to migrate from Roosevelt Lake 'is mot .
kmown. Speoimans found below the dm -.pptrently had not been lhmd.

Intorvian were mdo wM:h sportamon who had rishod tho tollwing
areas; San Poil River, Gifford, Colville. River, Sheep Creek, and Northport.
Undoubtedly other areas are fished, although not as extensively. As
nearly as could be determined by the surveys, very little fishing is

carried on in the reservoir at the present time. Only s few fishermen
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were observed during the survey in July, when nearly the entire
length of the reservoir was visited by us over a period of 10 days.

Generally speeking the consen&us of opinion of sportsmen ine
terviewed was that: (1) sport fishing has been on the decline during
the last ten years (2) Grand Coulee Dam has contributed to this de-
oline, and (3) sorap fish have become a nuisance.

Relative Sigze of Fish Populations

Gill net fishing has been done at Cultus Lake in British
Columbie to reduce the number of predscecus fish (Foerster and
Ricker, 1942), and information on the fish population obtained
there is of interest for comparison with the Roosevelt leke datas.
Because the squawflish was the most abundant species gill netted in
both lakes, a comparison of the catches of that species was made;
results are given in Teble 10,

, It 1s seen from Table 10 that in 1935 Cultus Lake nets ylelded

11.2 squawfish per net night as compared with 4.9 for Roosevelt Lake '

in 1948 (1935 data are used for comparison because the abundance of
squawfish was presumably reduced after that year as a result of the
predator control program). Since the nets at Cultus Lake were 1.2

times longer than the Roosevelt Lake nets, the Cultus nets can be

expected to have 1.2 times better opportunity of ocatching fish. The

catch at Cultus was 2.3 times as great as that at Roosevelt Lake,

but if the larger net size at Cultus Lake is taken into oconsideration

the catch of squawfish actually was only 1.9 times greater for Cultus Lake,

The predator oontrol work in Cultus Lake was carried on especially
for the purpose of reducing the number of squawfish, which are extremely
predaceous on young salmon. Squawfish were taken in largest numbers
during the months of April, May, June and early July, in nets set near
shoree During thls period the fish were spawning on the gravel beaches
where the nets were sete During most of July, August, and early September,
poor ocatches were made, by all types of geare. After mid-September, fish
were oaught in fair numbers in nets set on the bottom off shore, and
as the season progressed they were teken in greater numbers in the deeper
waters of the lake. :

Fishing at Roosevelt Lake, on the other hand, was not done
specifically to ocatoch squawfish but to get a represantative sample
of the fish population. The nets were set at various depths and
looations but usually not near the shore where the squawfish were
more likely to be numerous. Also, the time fished was not during
the spring spawning &s at Cultus Lake, but during the summer. When
all of the above factors are considered it seems probeble that the
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TABLE 104 COmpo.riaOn of lqulwfinh eatch Rovsevelt and Cultus Lakes,
C gl net fishing.: ;

Roosevelt Lake 1948 season:

No. net Catch per
L Cateh nights . . .net. ni.ght
Bottom sets - 102 21 o 4.
Surface sets 3. 9 - . . Y )

. Total ' 138 .- 30 o 4e4

ltets used - 125 feet long, 6 foet doep, graded mesh’ I"-&"

. :" Y/ - o o B
Cultus IAI{ 1935 season
: = e vG&tch per
- Cateh .- Net nights . net night
1936 Shore set
6 feet deep - 649 - B8 7 1)e2
1936 shore 6 feet 396 351 o 1,12
1936 floating nets ' B ' o
9=12 feot 7682 6§90 1.29
1937 and shore nets ‘ ' o
6 feet 224 376 0460

“Potal = 2030 1376 148

Nets used - 150 feet long, € feet deep, mesh 2™ - 4 1/2"

_1/ Data from Foerster and Ricker, 1942,
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population of squawfish in Roosevelt Lake is equivalent to the maxi-
mum population of squawfish in Cultus Lake. Apparently, howsver,
there 1is a much greater population of chubs in Roosevelt Lake than
in Cultus lLake, since only 27 chubs were reported caught in 7 years
of fishing at Cultus Leke whereas 50 chubs were caught in the one
season's fishing at Roosevelt Lake.

SUMMARY

l. Roosevelt Lake, situated in northeastern Washington, is the
storage reservoir behind Grand Coulee Dam,

2+ The surrounding shoreline has been established as a National
Park for the recreational benefit of the public and is easily acocessible
by good roeds.

3. The greater part of the reservoir lies in a rain belt which
supports evergreen forests.

4, Various physioal and biologioal aspeots of the lake were ine
vestigated including temperatures, oxygen, carbon dioxide, hydroxides,
oarbonates and bicarbonates, pH, turbidity, plankton, and fish popu-
lations, .
6. The most surprising discovery was the almost complete lack of
thermal gradient, & very unusual condition for a lake of this depth.

6¢ All physiocal factors of the water appeared favorable to fish
with the exception of extreme turbidity of the water,

T« Plankton hauls revealed falr-to-good abundance in the lower
reservoir as compared to rather -paru concentrations in the upper
stretches,

8¢ Further study should be made of the turbidity of the lake
and of the meager plankton output of the upper region in order to
determine whether or not the 1948 season was made unusual by the heavy
spring flood,

9, Fish sampling at Roosevelt Lake in 1948 oonsisted of 30 gill
net-nights of fishinge An average of 7.4 fish were ocaught per net-night,

10, Slightly larger catches were made fishing at the bottom
than at the surfaoce,

11l. Speocies caught were squawfish, chubs, suckers, shiners, peroh,
tenoch, sunfish, sculpin, and carp.

12, In addition to the above species sport fishermen claim to
have ocaught the following: Rainbow, brook, cutthroat, dolly varden
and kamloops trout; kokanee or landlocked blueback salmon; whitefish;
largemouth and smallmouth bass.

13. A ocomparison of the Roosevelt Lake 5111 net catches with
those made at Cultus Lake reveals that the concentration of squawfish
in Roosevelt Lake in 1948 was at least as great as that in Cultus
lake, in 1935,
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Dxécus‘SmN Aim ccmc.,usmns

© Roosevelt lake is surrounded by attrtctive country which is well
suited for recreational and aighhoemg purposés because of its moun-
tainbus terrain, virgin park like forests, and scenic drives; it has
not yet, however, been utilired ux%nsively. ‘Since the lake had pro-
duced rather poor fishing the Natlonal Park Service was of the opinion
that improved sport fishing might be influential in lttnoting more
people to take advantage of recreational facilities of the lake. The
Park Service, therefore, was instrumental in inaugurating the surveys
made by the Fish and Wildlife Service in 1948. )

' The results of the investigation were 1n general found to be
favora'ble-

l. pH's, carbonatoa, bioa.rhonate-, carbon ‘dioxide, oxygen
ware present in proportions favorable to baoteriu) growth, photo-
synthetio activities of chlorophyll bearing plants, and fauna.

2. Low free carbon dioxide content, complete absence of
hydroxides, and good dissolved oxygen content were indioative of
freedom from pollution.

. 3. Plankton hauls were fair to Lgood 1n tho dowmtrom portion
of the reservoir, comparing rgvorgbly to fish producing bpdies of
water such as Karluk Lake, Aluh; ﬁeton Reservoir, Washington;
and Arrowrock Reservoir, Idaho.

4, Prom the fish sampling work, Roosevelt Lake appears to
oompare favorably with Cultus lake, B. Ce in produoti.on of rough
fisho » . .

' 'l'hsi-a were, ixowever, ' some unfavorsble factors:

1. Absenoe of & cold water layer may prove incompatible to
the well being’ of certain fiuhes. R

2. The extreme turbidity existing in July is not regurded as
favorable to production of phytoplenkton (this may have been an
abnormal condition as a result of the unpregedented floods of 1948).

3¢ Meager plankton hauls in the upper reservoir were not in-
dicative of good productivity in that portion of the lake (this
oondition also may have been aggravated by the spring flood in 1948),

4. No salmonoids were caught in the experimental fishing with
gill nets, indiocating scaroity of these geme fishes.

~ 5S¢ Pish sampling indicated that large populetions of un-

desirsble rough fish exist, such as squawfish, ohubs, suckers, and
mp. . ’
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Although more complete determinations are necessary to secure
all information which may be needed, it appears advisable to oconsider,
at least, a stocking program for Roosevelt Lake. It should be made -
clear at this point that the lake is too extensive to meke an overall

stocking program successful. Therefore, if an attempt to stook the
lake is made an ares should be selected which most closely resembles
the natural habitat of the fish introduced. Then if a local popu-
lation is built up sufficiently to support a sport fishery in that
perticular area the program can be gradually expanded to other lo-
Oationﬂo

- Careful consideration of the type of fish best suited for Roosevelt
Lake should be made. Atthe present time stocking of Kokenee (land-
locked blueback salmon) has been ocarried on by the Washington State
Game Depertment in Roosevelt Lake. These fish have been observed
spawning in the San Poil River and are occasionally taken by local
fishermen. They have not proven satisfactory, however, because of
their migretory habit which carries many of them to death over Grand
Coulee Dem each spring.

Rainbow trout are known to inhabit the lake in the winter, but
migrate into various tributary streams in the summer, providing ex-
cellent stream fishing for sportsmen, but no lake fishing for family
groupse An important factor then, in introducing a stock into the lake,
is to introduce a fish which would remain in the lake to provide fishing
in the summer.

Before a stooking program is formulated, however, more detailed
study of existing problems should be made taking careful acocount of
the above points. The turbidity of the water found in July and scerocity
of plankton material in the upper reservoir should be examined in a
normel yeer, as the condition found in the summer of 1948 might merely
be a temporary result of the unprecedented floods of 1948, It is also
recommended that more widespread experimental fishing with various
types of gear be carried out at various times of the year. This should
be done especially in early spring, as more reliable information on
the fish populetions in that season is needed.
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