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PHEFACE

~..This plan for the protection and maintenance of salmon and steelhead

trout in the American River, California, is concerned with the effects of

Nimbus Dam which is under construction by the Bureau of Reclamation as a

part of the American River Division of the Central Valley Project. Folsom

Dam, under construction by the Corps of Engineers, will also be operated by

the Bureau as a pa.rt of the project. The latter dam is being constructed on

the American River at a site approximately .30 miles above the confluence with

the Sacramento River about 3/4 mile belml the main fork of the American River.

v.1hen completed, the dam will be a concrete-gravity and earthfill structure

284 feet high with an overall crest length of 21,500 feet (including auxiliary

dikes). It will ~~ound a maximum of 1,000,000 acre~feet of water and will

be the main storage unit of the project division. Folsom Power Plant, under

construction at the base of the main dam by the Bureau of Reclamation, vTill

have a capacity of 198,000 k.v.a. in its three units. Nimbus Dam with a

15,00Cl k.v.a. power plant of two units and forming a combination re-regulatin6

reservoir and diversion structure is under construction by the Bureau of

Reclamation at a site 7 miles cbwnstream from Folsom Dam. This concreta­

gravity structure will be 76 feet high and 800 feet long when completed and

will create a lake of 8,900 acre-feet.

A schematic map showing these project features is attached at the end

of the report.

Of the more than 400,000 acre-feet of water to be developed by the Ameri­

can River Division, 272,000 acre-feet will be diverted from Nimbus Dam to

service about 1,0,000 acres of newly irrigated lands.

The Fish and vJildlife Service has prepared a preliminary evaluation

report on the Folsom Project dated June 1950 which contains additional data

on the various project features montioned above and discusses all fish and

wildlife aspects of them. This Service report should be consulted for a
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description of the American River area and for other, above mentioned,

information. The present report cOIl?iders only the effects of Nilnbus Dam

on anadromous fishery resources .
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IlJTRODUCTION

The U. S. Fish and Wildlife Service and the California Department of

Fish and Game have the responsibility under act of August 14, 1946 (60 stat.

1080; 16 u.s.c. 661) 79th Congress of preparing an action plan for the

conServation of salmon and steelhead runs affected by the construction of

Nimbus Dam on the American River. As a result of discussions between these

agencies and with the Bureau of Reclamation, an investigative .period of from

February 1, to July 1, 1953 ""as originally selected to be devoted to the

development of such a plan. An outline of the various i tams to be con­

sidered during this period was prepared and distributed to the agencies

involved on February 2, 1953. As the investigation progressed it became

apparent that effective salmon and steelhead salvage facilities must be in

operation by the fall of 1954. To speed up preparations for handling the

runs the deadline for the report on an action plan was advanced to

May 15, 1953.

This report follows the outline as closely as possible. The investi­

gation of a fe¥T of the items has not been completed because of the curtail­

ment of the investigative period. It may be necessary to submit a supple­

mentary report covering these points at a later date.
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PART DtlE

NATURAL HISTORY Arm IWIffiERS OF
AFFECTED ,.uUillRO!.{OUS j!'ISHES

Time And Size Of Adult Salmon Runs

The runs of s<'1.lmon in the American River are made up entirely of one

species, the king salmon (Oncor~chus tshawytscha). Like other speciGs of

Pacific saL~on, kings are completely dependent on fresh water strea~s for

reproduction and u~on the sea for gr~Nth to maturity.

King salmon enter the American River in well-defined spring and fall

runs. The spring ru."l arrives at old Folsom Dam mainly during the months of'

May, Ju.."'le and July and involves comparatively feN salmon. Until recently

spring saL~on made use of the fish ladder at the old Folsom Dam in ~igrating

to the deeper, cooler areas up river where they could spend the SUIllr.':er.

Counts of these migrants (Table 1) were made at Folsom Dam in 1945, 1946

and 1947. In 1950 floods destroyed the ladder. No attempt was made to

rebuild this structure since the new Folsom Dam, a complete block to migra­

tory fish, was under construction a short distance upstream. Since 1950

spring-run salmon have been forced to remain in the pools below the old oam.

Not~ing is known of the size of these latter runs or of the numbers of

saL'Ilon which surv:i.ved high water temperatures during the SunL'1'9r.

The main sa~non run in the American River t~{es place in the fall~

begimling in late September, peaking in October, continuing in !lovenDer

and tapering off in December. }~ost of these fish spa",m betw'een SBcramento

an~ Folsom Dam. A small rortion of the ~ln (Table 1) spawned upstream from

Folsom Dam prior to the destruction of th(;~ fish ladder.

For three :rears, 1944 through 1946, the size of the fall salmon runs in
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the American R.iver 'l'!ac; calculated by means of tam~ing r-md tag reco"J'cr-:{ p!'~.;­

grr'-"ll.s. Each of these projr,cts involved trc.i.pping and ta~l;ing a sa.'TI:r>le of

the spalvning run at a temporaXJT weir located near the H Street Bridge at

SacramfJi1to. Su.bsequently, the dead spmmecl-out salmon, both tagged and un-­

ta.gged, "'rerc recovered on the spawning beds. The salmon population mt3

estimuted by assmning that the ratio bet~een the number of tagged fish

recovered to the total number tagbed 'was the same as the ratio betwcc1n the;

total nlunber of dead fish recovered and total population.

Each fall since 1946, V'rith the exception of 1947 and l?~O, ·crf.ms heWf.)

patrolled the sparming beds of the American River counting the dead salm0n

and looking for tags which had been placed on fish caught and releas~d in

the ocean. From the numbers of dead salmon recovered and from observing

the numbers of live fish on the riffles, it was possible to make roasonably

accurate estimates of the size of the sablOn runs.. Table 2 shows the re­

sults of popula.tion 3tudies made from 1944 to 1946 and the estimated runs

in the following years. From these data the average annual salmon run is

estL~t~d to number 26,008 fish.

SGX Ratio

Tho SOT- ratio of the salmon in the A::ncrica.n River is baoed on the :lead

fish recoveries. An experienced observer can tell the sex of most ~pa~nct­

out sal::'1on at. a glnnce. ;.1oreover, all dead salmon are cut in tyro 17i.th r.t

machete to em.ble the observer to examine the body cavity and defintt.cly

establish the sex of the fish in case of doubt. Cutting the fish in ~10

also provents rccou.."lting the same individuals on later trips over the SC:WlC

;:n.'ea. A fo?;Vf se.lmon are so badly decoffi:,?osod that it i.s i.."l1possibI9 to deter­

mine: their sox. These fish arc classi.flcd as skeletons in th~ recovery

records and are disreGarded in calculating the sex ratio.

From Table 3 it would appear that tho adult salmon population in the
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American River is composed of only slightly more males than feIi.lales. Obser-

vatioI1[J :nade on the spawning beds, hO;Tever, indica t(:,; th':l.t th~3r~.~ ~1as ahmys

a considerable surplus of males. Thereforo, it 'V'Tas concluded that there wa.s

some difference in tho rate of recovery between the sexes. This may be

~xplained by the fact that lnales tend to wander off downstream after they

complote spa,nling and often die in the deeper or more inaccessible pl~c8s

in the. river. On the other hand ferrk11es st~y close to their nests until

cxpiri~; and, cOl~cquently, are easier to locate. Furthermore, a consider-

able number of males (jacks) are f::xtremely small and are t1.pt to be oycr­

looked.

A taS3ing eXIJeriment OIl the Stanislaus River in 1948 shm'i)'ed th'.t t"Then

equal numlJers of male and femnle saL"llon were tagged and released on the

spawning beds only 82.2 Il'l.ale s ~'Tould be recovered for evex:", 100 fcronles.

Some sir:rl.lar ratio ~robably holds true in most of the rivers in the

SacraI:lento-Szm Joaquin system. When this ratio is applied to the American

River dead sa.bnen recovery data, TIe find that the population consists of

61.2 percent males and 38.8 percent females, or for practical purposes a

60-ho ratio.

No data are nvailablc on the fecundity of the king salmon in the

American River" but it is assumed that it is no different from th.......t of the

same species in adjacent streams 1"There eg;?; counts have been Il'\A.de. Hanson,

Smith and Needham (1940)1 found the nvere.Jc number of eggs !'er female in thn

run nt Redding on the Sacr.~ento River was 6,790. They used the rotund

figure af 7,000 in calculating the tot~l nu~b0r 0f eg;s in the run. Th0

±...-:-:=--.- .. _... --;-:....-~,...."....-
U.S. lish &TIildlife Service Specin1 Scientific Re~ort !~. 10. An InvGstj~-

gntion'of Fish Sulv~gc Problems in Rel~tion to Shasta Dam by Harrjr A.
Hanson, Osgood R. Smith, and Paul R. Nc:cdh2.1!l, 1940.
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average egg yield of female king sam.en at Cole.m:m H-':~t.chcry on Battle Creek
,

varies from 6,000 to ovor 6,500. King s~~non from the Tuolmnne River, a

stream very similar to the .tunerican, produced an average of 6,700 Ol;[:a pCI'

female in studies made in 1947. For the purposes of this r8port the figuI'G

of 6,500 eggs per female was assumed for the American River king salmon.

Habits Of Young Salmon

Salmon cgi::S which have been deposited in th":l f::ravel riffles in the

American River incubate for a period of from one to three morrths Qcpending

on water temperatures. After hatching the fry remain in the gravel until

the yolk sac is almost absorbed. The dOTffistrearn migration begins as soon

. as the fry emerge from the gravel. The sIleed vri th which the migrants move

out of the American Ri.ver is influenced by fluctuations of the; river,

VTenther, and by water tenperatures •

The sGCl:vTard migration of young salmon was scunpled by means of fyko nets

for three seasons, from 1945 through 1947. 1":10 types of nets were used in

the studj-. A round tyke net ';"lith a five-foot diameter opening vms l'ished

in deep water and a riffle type net ~ith a t1uree-foot by five-foot rectan-

gular oyening vas used in shallower watcr on a rifflo. The nets were

locatE:d near tho lkv;.gin Gravel Company .?bout six miles upstream from the

H street Drid~t) at the edge of Sacramento. Fractically all spa'l7n."lng t;:)}~,,:;;

place above this point.

lciGurcs 1 <:.nd 2 ShOVf the duration :md intensity of the dmmstrea"n

mig!'ation as indicated by the tVfO .f'<Jke net.s. The seaward migration stL~rts

about Fe~)rt:..:try 1, and continues into Juno. The peRk of the migration occurs

between April 1 ,md J:,jay 15. A number of vfl.riables mace :l.t i:npossiblc to

com?1are directly the results obtained :rith a net one year 1·rith catches r:lUdc

the f o110lring year. Such r;>.ctars as l'fr.'.t.er fluctuations, current, amount of

debris, and concli tion of the net cn.<J.nGc tho fishing success from d3.y to da:y.
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Obviously, qu[(ntiktive dRk1. obtainrxl through the usc of gear as ineffic:Lrmt

c3nd selective as a fyke net C2.lU1ot be USGd to give ,"in accurate estimate of

the total numbers of dmmstroam mibrants pCl.ssing the net sit~J.

Tho rate of gro~~h of the migrants tr~pped in the fyke nets is sho~~

in FiGUres 3 and h. In FebruarJ and Harch the av~rfl;ge total length of the

migrants does not vary a groat deal since the catch is dominated by large

numbers of small fish f,rhich arc constantl;r emerging from the graYel. IIor!'­

ever, from the first of Apr:i.l until the conclusion of the migration in June

nn Gxtre~el7 r~pid gronth rQtc is evident.

Distribution Of Adult Salmon In The American River

The numbers of saL"!lon Tthich spawned above and beloY[ Nimbus fu.m. site

,orc:-e cst~tcd from the dead saLllon rccoveJ:"lj records. Thesf) figures nere

available for each year from 1944 through 1952 uith the exception of 1947

and 1950, and are presented in Table 4. From this information it 1m3

calcul~tod that an averaGG of 72.5 percent of the annual salmon run s~mTI1s

in thcarea above tho Nimbus Dam site.

In obtaininG the distribution of salmon above Rnd below Nimbus from

the dead salmon recovery figures some alloTTance had to be made for the

fact th.'lt d0~d fish arc carried dOi'ffistream by the current before thr.:::y

become stranded. The distance como fish arc .mshed doYnlstream is ~ell

illustrated the first time the river is covered each year on the dead fish

survey. The scction of the river between Folsom and Fair Onks is patrolled

first and all dead salmon recovered are cut in ~;o vdth a machete. The

follov!ing ci1.y tho croy; covers the section of the river bct\'tecm Fair Oaks

and the Haggin Gre-vel Co., some four miles do:....nstrcam. Some of the dead

salmon ~'Thich had been cut in two the day before, in the upper section arc

noVi seem throughout the Im'Ter ,'!rca. For this reason in aml;',rzing tho

recovery data ::l.11 the dead salmon recovered D.bove tho Fair Oaks bridge 17erC

-5- -
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clal3sified as s~xrrr.ni.ng abov8 the ~!imbus Dam site and those fcund br:rt~;r~)cn

Fair Oal-::s B.nd Sacramento Vlcrr-> recorded as spr.:vming bclo~l Nimbus. Using the

Fair Oaks bridge as a dividing point should mnke the estimate of the number

of fish sparnling above N~~bus a conservative figure.

In Table 5 the number of female salmon that would have been blocked at

Eimbus are listed by years. This f:i.gure was obtained by multiplying the

estimated total run p:lssing Nimbus by 38.8 percent. From the table J.t cnn

be S8en thnt tho n1l.-rn.bar of female salmon sDClxmil1g above Ni.'llbus Dar:l sito in

recent jTt:;ars varied from 3,000 to almost 12,000. To obtain the number of

eggs produced above NilJlbus, th& number of females 'iTaS multi,licd by 6,500.

The avern.:;c numoer of eggs deposited annually in this area ',las found to

be 47,570,000.

NumbereOf Fish At And Beloi7 N~i1bus fum With Artificial SpaYming Channel
Ai1cf1'hth stream Improvement

There is no possibility of estimating the number of saLlJlon 1!Thi.ch could

be handled in an artificial spar;ning channel until studies Po.re: made ':lith a
.

test charulel. The segment of tho salmon population ~hich could be acco~~o-

dc'J.ted on improved sp..'1.wnin~ beds below Nimbus Dam can not be detcnnined

until ~ftcr Folsom Darn is in operation.

Advis~bility Of Counting Adult Runs In 1953

It appenrs uruleccssary to spend time and effort in obtai.ning furthor

detailed data on tho salmon run in the American River in 1953 since adeql~~te

information is alrcndy available on the time and size of the runs (Table 2).

A tagging and tag recovery project to est~~to the salmon population in

1953 ..-rould involvo tho construction of a t.om:",or~r;,r ....leir at the 10'l''iOr cnd of

the salmon spn'iming area vThere the fish could be trapped and tagged. In

addition the services of a biologist and four assistants '!;"[ould be required

for ~t least four months to install and maintain the TIeir and to recover

the dead salmon on the sp,lrrning beds. It is estimated that such a progrC',m

-6- '
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~';ould C03t:~-O,Or.J.Q!). Furthermore:, eXlx:rience:d crc,'.:s ':Iill bo cou-'I1ting the

dc<'..d salmon 0:: the sp:l1ming bods of the COlrtr"cl 'lall:::y riven's ;:hilo sc,::'-rch­

ing for tagGed or nurked fish. The numbers of dead fish recover8d in the

Amcricc.n River T:ill provide the basis for ,':',. reasonably accurate estimate of

the size of the 1953 fall salmon run.

In the event th~t Nimbus Dam blocks s~l~cn in the fall of 1953, some

method, such as a fish ladder or trapping and hauling by trucl<: 1Tlll be usod

to get t.he fish pH.st the bnrrier. If such is tho C<::'.sc it would be D.dvisClblc

to checl;: th~~ numbor of salmon passit'.g the dam either by counting the fish

through a ladder or keeping accur~te records of the number of fish hauled

by truck.

Time And Size Of Adult Steolhoad Runs

Little is Im01'in of the naturnl histoI"'l' of tho steolhcad trout (S"1.l1-:1ou _

gairdnerii) in the J\;i1crican River. Tho only available material on tho stcel­

hond of thio str13c.m nrc the counts th.."'.t -,iOra made at the fish ladder at tho

old Folsom Dam from 1943 through 1947. A study of Table 6 shows that some

steclhaad }A"'.ss Folsom in evc~J month of the yoar with the exco~tion of

August nnd September. The po,1k of the run, hOTmvcr., occurs in Hay and June

and part of July. The ll'..rgcst count ",'iClS ffi-:.de in 19).j.6 ':lhon 1.,287 stcelhoad

passed through the Inddcr.

Since tho destruction of tl~ fish l~ddor at Folsom n~ in 1950 the

stcelhcad runs probnbly have been virtut..lljr oliminated. It is ncc:)ssary

that those fish migrr.tc upstroam considcr'1bl~r pr>.st Folsom Dum to rC2.ch

the smnll tributary streams ".'hero thc;~r sr""17n. There is no evidence: thl'..t

ste01hc:~.d lltJ,VO over sparmed in the In.1in s-cra....m betrrecn Sacramento and

Folso~l. '::"i th .'::'ho main portion of the run arriving beloT! the d1l1l in 11<'.:'[ and

June it is unIilu~ly that these .fish could have endurod tho hiGh SU1:J!:J.or im'f:.Ct!'

tcmporc>.turcs in the lower river cmd rc~,in to s,C'.1m tho follo1"ling \"rintcr.



Fortunately stcelhc~d Tuns build up r~yidly '1hen conditions ur8 fcvor­

able. Lover w~.ter temperat.ures and a more st<.1.ble flo'R :'.fter the construc-.

-Cion of Folsom ctnd Nimbus Dams may produce an onviromncnt favorable to thQ~,>e

fish. Yet j,t may be neceSsary to maintr:in tho runs through C'.rtificicO!.l

,ropa,3C1.tiol1 if tho area bolO1'I Iambus DflJIl proves unsuited for stcolhoad

S p<"li:11irtg J

H~bits ~f Young Stcelhead

It can be safely asslli~cc th~t young stcolhoadin the Americ~n River

migrnk to soa i.n their sE;cond ye3.r as is thE) case in other stree.ms. If

any of the-so fish mov€;d dOY!J1strep..m in their first year while they are still

very smc.1.11 thoy ccrte.inly wouJ.d have appeared in the fyke net catches along

ilith the young salmon. Yearling steelhead are too lar~G' and activo to be

trapped in a stundard fyke net.
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TABLE 1

Numbers of King Salmon Counted Through the FiflhvTayof Old Folsom Dam,
.Americ:m River', 1944-1947

-
1944 1945 . 1946 194'7

Honth Spring Fall : Spring Fall Spring Fall Spring Fall

Jan. 0 0

Feb. 13 0

Msrch 0 0

April ~ 0 '0

H~ 198 24 0 0

June 808 18 3 2

July 1)2 0 0 1

Aug. 0 0

Sept. ? 0 0

Oct. 299 547 263

Nov. 18.51 1q86 152

Dec. So 13 6

'rotals 1138 2202 42 2246 16 421 3
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TABLE 2

Egt~ted Size of King Salmon Runs cf the American River
for the P8riod 1944-1952

- --
Year Number of salmon

1944 30.,592*

1945 38,656*

1946 38,.388*

1947 ---- *'*
1948 15,000

1949 12,000

1950 **
1951 22,000

1952 25,000

Average 25,948

*Calculated from tagging and tag recovery progr:lm.
~Io data were collected in these years.
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TAELE 3

Numbers mid SEne of Dead King Salmon Recovered from the
Spawning Area, Alnerican River, for the Period 1944-19521

1-

Total
Year r·7a1os & Na1es i Hl- . Females.

Females Number Percent Nurr.ber Percent

19L~ 1,542 799 51.8 143 48.2

1945 2,343 1,669 71.2 674 28.8

1946 6,809 3,640 53.5 3,169 46.5

1947

1948 1,324 758 57.3 566 42.7

1949 1,947 947 48.6 .1,000 51.4

1950

1951 1,315 196 60.5 519 39.5

1952 1,014 585 57.7 429 42.3

Total 16,294 9,194 56.4 7,100 43.6

*Skelctons reco'lTered in the surveys are omitted from
this table.

1~1948 Stanislaus River population study indicated that
"then equal numbers of tagged male and female King s.'3.lmon
were released on the spawning beds only 82.2 males were
recovered for every 100 females.

Applying this ra.tj.f" to the American River rec'tlvr.lry figures
we find 9194 males ~ .822 - 11,184 or 61.2 percent males
and 7,100 or 38.8 percent females, which for practical
purposes is a 60-40 ratio.
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TABLE 4

Estimated Size and Distribution of King SaJ..1'Ilon Runs of the .American
River for the Period 19h4-l952

Estimated Estim.~ted Estiiiiiited
. Year Total Salmon Run Above Percent Run Below Percent

Run Nimbus Nimbus ..
1944 30,592 23,762 77.7 6,830 22.3

1945 38,656 24,815 64.2 1),841 35.8

1946 38,388 30,684 79.7 7,704 20.3

1947

1948 15,000 12,060 80.4 2,940 19.6

1949 12,000 8,028 66.9 3,912 33.1

1950

1951 22,000 13,684 62.2 8,316 37.8

1952 2$,000, 19,050 76.2 5,950 23.8

Averagos 25,948 18,869 72.5 7,079 27.5
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TABLE 5

Estim,':l.ted Numbers of Female King Salmon Spa.wning Above NiInbus Dam
Tog~ther with tile Calculated Numbers of Eggs Deposited by Them
for the Period 1944-1952

_. --...

year

19i~~

1945

1946

1947

1948

1949

1950

1951

1952

Average

No. of Salmen
Above NiJIlbus*

23, ;762

2L~,815

30,604

12,060

8,028

13,684

19,050

18,869

No. of
1 Female Salmon

Above Nimbu.s

9,220

9,628

11,905

4,679

),115

5,309

1,391

1,019

No. of Eggs**

59,900,000

62,600,000

77,400,000

30,400,000

20,200,000

.34,500,000

48,000,000

47,600,000

*CalcuL~ted 0~ the b~sis that 38.8 percent of the total
number of salmon are females. See footnote Table 3

~~Calcu1~ted on the basis of 6,500 eggs per female. The
total is rounded to the nearest 100,000 eggs.



TlIBLE 6

Numbers of steelhead Trout Count~d Through the Fishw~y at
Old Folsom Dam, American River, 1943-1947

YEAR
MONTH 1943 1944 1945 1946 1947

Jan. 47 0 12

Feb. 0 5 49

f.1arch 0 6 16

April 0 0 4

!:-fa::! ~ 07 577 180....

June 53 294 669 254

July 142 1 6 II

. Aug . 0 0 0
"

Sept. 0 0 0

Oct. 62 10 3 11

Nov. 12 12 25 0

Dec. 14 0 2 13

Total 88 269 412 1287 526
---
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