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INTRODUCTION

' Demands for edditional water supplies for irrigation and pro-
duction of hydroeleoctric power in the Central Valley and adjacent areas
in Califormie, fooused attention on the upper Trinity River drainage as
' & possible source of supply. Plans to divert Trinity River water into
Sacremento Valley from that eres were formulated and published in 1931
.85 a part of the Califormie State Water Plane These plans were further
 studied and refined by the U., S. Bureau of Reclemation end U. S. Army
Corps of Engineers snd by 1941, their realization seemed certain. It
wes also apparent thet diversion of Trinlty River water would seriously
affect the fishery resources that are dependent upon the upper river,
pe.rticularly king salmon and steelhead trout. In order to determine
the megnitude and biologiocal characteristies of these resources‘/e.nd to

design management plane and procedures for their protection, the U. S,

Fish and Wildlife Service conducted a oomprehensive survey and study of

the entire problem. Major features of the study involved determination

of: (1) the size and compoeition of fish population, (2) the character-
istics of the seaward migration of young salmon and steelhead trout,

(3) the extent and utilization of spewning gravels, (4) the physioal
charecteristics of the drainage, (5) existing biological conditions, and
(8) possible means of controlling the fishery and its enviromental fa.otors.

. Work was first started in the fall of 1942 when & temporary fish
counting weir was constructed on the Trinity River a few hundred yerds
below the river bridge at lLewiston (see map) and spproximately 105 miles
ups treem from the, river's mouth. Studies of some of the biological and
physié‘al conditions of the stream were also started during November of
1942, The temporary fish counting weir was replaced with a removable
structure in late 1943, Because of wartime impediments, uninterrupted
studies of the Trinity River fishery covered a period of only two years.
As 8 result, it is impossible to make positive and final conclusions.

This report, therefore, is an interim report with most findings and con=
clusions subjeet to possible revision pending further inveatigation&l
findings.

Trinity River, largest of the Klamath Rj.ver tributaries, rises
in the Scott Mountains at the northerm end of Trinity County, California,
It courses south and west through Trinity County, then north to its cone
fluence with the Klemsth River in Humboldt County. The less canyonous
portions of the river bed abound with broad gravel riffles and provide
excellent epawning grounds for king salmon. Numerous small tributeries
and the upper part of the main stream furnish adequate spawning ground
for large numbers of anedromous and resident troute Like many of the
rivers in the northern California, its run-off pattern consists of extremes
in flood and in drought. During summer, its flow is extremely low. In
winter, and gpring, it rages destructively when in flood end discharges
much of‘ its annual run-off.




"l‘he Trinit:y and 1ts parent stream, the Kldxﬁath, have been fish~

- ing grOunds for Indian tribes for ages. Well eatablished trade routes
" from the interior to the sea passed through or terminated in the Klamath
-+ .and- Trinity country where a lively commerce in shells and dried fish
- existed. ' Thousands of king salmon, silver salmon, and steelhead trout

were oeught by the Indians living in Klamath snd Hoopa territory (Hewes,
1942), These Indians were highly skilled in fishinge They oonstructed
fish weirs of logs, poles, and brush across the rivers and speared or
netted the upstream migrant salmon, trout, and even lampreys. These weirs

‘rémained in' the streems as virtually impessable barriers until the first
-rains of autumn replenished river flow sufficiently to wash them away,

Year after year the weirs were installed according to strict ritual and

- procedures (Snyder, 1924). In modern times, most of the fish weirs have

disappeered. One is usually buili each summer at Hoope on the lower .
Trinity River and below it the Indians seine, speer, or operate gill nets.

Salmon and steelhead are dried, smoked, cammed in the Reservation cennery,

or used fresh. The Indians practice conservation of a sort; part of the

: migrating. ss.lmon are ellowed  to pass the weir through gates installed for

that purpose.

‘Trinity River has long been famous ag a gold-beo.ring s treem,
In early times, some rather large cmmunities oocupiod its banks and

. mogt of the preaently existing towns are remnants of these settlements
| which degenerated following exhaustion of the major placer and herd-rock

gold deposits. Extensive gravel deposits above North Fork have been

' dredged for golde Great spoil piles of berren gravel constitute the
immediate stream bank for mile upon monotonous mile. The original-

character of the streem and its adjacent flats has been seriously altersd.
Some isolated dredge operations still go on in the dralnage and, at times,

' the stream bears great. ‘quantities of silt in much the seme manner as it
~ did for 75 years or more follmring the di.scorvery of gold.

A vigorous commercial fishery on Klamath River bagan shortly

after gold-mining started. The early fishing efforts were for local
' supplies and usually concentrated on the riffles of ‘the river and its
- tributeriess Canmeries began operating on the Klamath estuary prior. to
1892 and reached a high state of development by 1912 (Snyder, 1931).

Over-fishing and possibly mining soon made noticoa‘ble changes in the

- abundance of king salmon. Early records given by Snyder indicate a .

historical peak in the Klamath River commercial fishery ocecurred in

1912 when over 1,384,000 pounds of fish were packed from & catch of
- approximately 141 000 salmon. Records for that year are incomplete

and oonsist of estimates applied to portions of unreported packs. The
1915 pack is recorded more completely; about 1,232,229 pounds of salmon
were packed from a catch approximating 72, 357 King sa.lmon. :

Esaentlal features of the Trinity development plan consist of

- an earth-fill storage dem about 352 feet high, built in the vicinity
. of Fairview cuartz Mill (see map); & diversion dem about 110 feet high

located just above the town of Lewiston, California; and a series of
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" mation included has been generously supplied by the U. S. Bureau of

. Geological Surveys The Indien Agenocy at Hoopa, on. the lower Trinity
‘ River, 8ls0 gooperated.

. tunnels, ‘power plunts, and ca.nals loading f'rom the dlversiOn dam to the
.~ Sacramento River above Keswick Dam. A second plan‘ gontemplates con=
- struction of a storage dam near Browns Creek, some 6 miles below Douglas
' City. Water from this reservoi.r would be pumped to the diversion tunnel

above Lewiston.  The point of diversionm I‘rom the Trinity River at Lewiston
iz about 1300 feet above the Sacramento River. : _

: Dams at the Feirview and Browns Creek sites would 'be high. barriers
insurmountable by present type of fish ladders. Reservoirs formed 'by
these dams would be very long, extensive, and would cover much of the
exlsting apawning grounds of anadromous f:.shes. These fishes might be

 lifted mechaniocally over the dams, but it is doubtful that their offspring

would pasg through the reservoirs, find the river outlets, and proceed
downs tream without suffering material losses. Mosz of the water would
flow into the diversion tumnnel and with it the majority of the young
aa.lmon and trout produced upstream.

Almost without exception, Trinity River salmon migrating above
the South Fork spawn in the 72 miles of river 'between the North Fork
and Ramshorn Creek. In addition to the main river, three tributaries .
are used by spawning salmon. A dam at the Lewiston site would cut off i
35 miles of the main river and 21l of Stuart Fork, the wost important .’

- spawning tributary. The salmon would be blocked from approximately
. 50 percent of their natural spewning grounds in the upper Trinity. A

dam at the Browns Creek site would cut off the reme.im.ng two spawning
tributaries and 5§9 miles of the main river spawning area, This dem

- would elimina.te some 82 percent of the na.tural es.lmon epe.vming area,’

*

Appreci.ation is expressed for the help given by the State of

- California Division of Fish and Game and by many persons who were

connected with the work from time to time. Among ‘these were Dr. Paul
Re Needhem, who directed the project until -the end of 1944, Harry A.
Hanson, George Werner, Owen Vivien, William H. Davenport, Millard
Loots, Donald Drake, S. N. MoKinsey, Norman Mattoon and many residents _
of Lewiston who e.asieted with work on the projecte Much.of the infor=

Reclamation, U. S. Engineers, U, S. Forest Service, end the U. S.

This ‘i.‘nvestigatlon was supported by funds" ‘tra_nsferred +o the Fish :
and Mildlife Service by the Bureau of Reclamation. It was considered |
!

& vital part of the pre~project engineering and exploratory work con-

ducted by the Bureau of Reclamation. The study was terminated in

3 August 1946, when the Bureau of Reclamation ceased active work on the

Trini ty 'River diversion project.
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! PHYSIGAL CHARACTERISTICS oF. TRINI'IY RIVER'

'.l‘ri.nity River: is approximately 159 miles loug and drains a semi-
wilderness area of approximately 2,900 Bquare miles. It is divided
into five more or less distineot seot:lons whioh have a direct beering on

~.the utilization of the stream by spawning and, Jjuvenile anadromous fishes,

The uppermost 18 miles of the river from its source to Ramshorn Creek
are procipitous (gradient 222 ft,/mnile), the channel is narrow, gravel
riffles are very limited, and the bottam is covered with large boulders,

The 12 miles of river betwoen Remgshorn Creek and Trinity Center traverse

a broad valley into which many small tributary streems enter. The streéam
has a gradient of 58 feet per mile and meanders 'through wooded and pasture

,lands ‘wherever gold dredges have left the original terrain. Its channel
i is broad and gravelly with large extensive riffles alternating with deep
- pools. From Trinity Center to North Fork, the gradient is less severe
(15 ft.ﬁnile), water volumes are greater, and very extensive riffles

characterize the channels Most of the spasning grounds of salmon are

. located in this 60-mile section of stream. Between its North and South

Forks the river passes through a rocky canyon 40 miles in lengthe Water
flows ‘ers concentrated and made turbulent and exceed:.ngly Tapid by the
narrow confines ‘which typify' this - canyon. Gradienhs are more severe’
(23 fte/mile) and volumes of flow, in relation to chamnel capaocity, are

relatively greate The Trinity between South Fork and its confluence with
. Kalmath River meanders (gradient 12 ft./nils) the length of beautiful

Hoopa Velley (29 miles) and is charac‘ber:.zed 'by broad gravel rlffles

nlternating with large, deep pools.

Run-off and Flow

----- ’ ;-_.r.b.. G

'.l'he run—off oharactenst:.cs of '

'!:y R.’Lver are quite s:.milar

: to those encountered in most-California’ atreams. 'rhe great bulk of - the.

ennual run-off; occurs in winter, while summer flows i jare quite :low (Figure

2 Table l)e At Lewiston gaging station the extremes of flow between:winter
- and: summer are’ represented by & high £1ow - of ‘40, 300 second-feetirecorded

on February 28, 1940, and a low.flow’ of. 23 second-foet ‘recorded ‘on July-30,

1924 (U. S. Geological Survey data). The sverage annual runeoff is
. 1,106, 454 acre-feet as measured at I..ewiston and 5 811 520 e.cre-feet at

Hmpa, a.bout 10 miles above the mouth. -

'.l‘he run—off pattern of Trinity River at Lewiston varies uidely from

‘yéar %o year, although the seasonal wet-dry cycles occur during corre=-
. sponding periods each year. - The. volume..of amnual: run-off .from the

drainage above Lewiston had a range of a.pproxima*bely 250, 000 to 2,500,000
acre-feet, with a mean of 1, 106 454 acrs-feet during the yoars 1912
through 1945,
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ihé general run-off pattern over the entire Trinity drainege

- waries somewhat from that recorded at Lewiston.' The spring run-off

- peak at Burnt Ranch occurs a month esrlier than the peek at Lewiston

- (Figure 3). Inflow from many small tributeries which drein an area
with little snow accumulation contributes most of the earlier run-off

at that point. River flow at Hoops, including the inflow from New River
and the extensive South Fork drainage, reaches & spring run-off peak in
March, two months earlier than the peak at Lewiston,

River Temperatures

River temperatures at Lewiston were recorded daily from November
1942 through July 1946 (Tables 2-5 and Figure 4). Temperatures wers
taken with a hand theimometer three times each day, at 8 a.m., 12 moon,
and at 5 p.m., until January 1945. Following that date,. continuous

- temperatures were recorded by a thermograph. During most of the yesar,

the river reached its maximum temperature at.about 5 p.m., and its
ninimm at 8 a.m.; consequently, temperatures taken by hand thermometer
at thgfs.e hours closely approximete the extremes. Average daily tem-
peratures after January 1945 were cocputed from thermograph records

by taking the meen of temperature readings at two-hour intervals

during a 24-hour 'pe‘riod.

Trinity River is wermest during Jul;f and August when spring and

-summer salmon are holding over in the mein river. The maximum water
. temperatures and dates of occurrence for years of record are as follows:
~ 78%., on August 13, 1943; 81°,, on July 24 and 27, 1944; and 83°F., on

' July. 27, 1945, Temperature records were not complete enough in 1946 to

show the highest temperature with certsinty, but a high of ‘80.5°F., was
reached on July 22, 1946. The maximum tempersature recorded for 1943
may not be the true peak tempereture for that year, as it was taken from
pertial records made during August and September. A temperature of
80°F., or higher was recorded on 9 days during the summer of 1944 and
27 daye during the summer of 1946. As a result of experience .gained at
Deer Creek Station on Sacramento River, Califormia (Moffett, 1949),

_80°F‘.,’,is considered lethal or near lethal for king salmon., The same

species is able to survive when surface temperatures are ahove 80F,, in

~ Trinity River by remaining in the cooler waters of deep holes along the

rivers In August 1944, water at depths over 8 feet in one of these
large holes was 7°F., cooler than surface water.

The deily temperature renge is of interest when considering the
effect of maxima as lethal agents. To illustrate this range in Trinfty
River during summer, the hourly record for: July 27, 1945, is presented:




12500 ‘Midnight 74.0 9:00 A. M.  Tie5  5:00 Pi Mo 8340

1:00 Ao M. 73.5 10:00 A. M. 7345. 1 6:00 Ps M. 82.5
2300 A Me 7245 11100 A+ M. 75.0 | 7:00 P. M, 81,5
5:00 Ao Me |, T2.0 12:00: Noon 77.0 '8:00. Pa M. 80.0
4!00 Ae Mo o 71.5 1!00 Po M. 79.0 ’ 9300 P. M. ‘ 79.0
5:00 Ae ‘M. 71.0 2:00 Pe Mo 81.0 10:00 P. M. T7.5
6:00 A. M. 70.5 3:00 P. Me 82,5  11:00 P, M. 765
T:00 A+ Mo 70,0 4:00 P. M. 83.0 12 ;00 Mid=- o

8100 A+ M. 70,5 ‘ night 7540

. During 7 hours of the day, water temperatures were above 80°F., while

during. 11 hours, temperatures were below 75°F. Between 9 s.m. and .
4 pem., the river temperature rose ll.5 degrees, and between 6 p.m. ‘

 and midnight it fell 7.5 degrees.

.On July 4, 1945, a recording thermometer was installed at

Junotion city, some 28 miles down river from Lewlston, to determine the

warming effect of hot summer weather on the river between these two points,
The meaximum, minimum, and average daily water tempera.turea recorded at
this station are given in Tables 6 and 7. A maximum temperature of
85%F ., was recorded at that station on July 27, 1945, the seme day the

peek temperature of 83%, was recorded at Lewiston. The hottest days

of the summer were July 26 and 27, when a maximum air temperature of

E 1089F,, was recorded at Lewiston on both days. The river temperature

reached or exceeded 80°F, on 32 days in the summer months at Junction
Citye During July end August, maximum water temperatures at Junotion
City were one or two degrees higher then Lewiston weter temperatures

" for the gorresponding day. Temperature records at Junotion City during

1946 were too incomplete for analysis.

EXISTING BIOLOGICAL CONDITIONS

| Kon-gém; Fishes

‘ Ihe Klama.th black dace, Rhinichtys osoulus | klamathenaia (Evema.nn
and Meek), and the fine-scaled }d Klemath River sucker, Catostomus rimiculus

' Gilbert and. Snyder, are the only coarse fish taken during this study
" which are known to spend their entire life eycle in the Trinity River.
-+ Both of 'l;he_se species occur commonly throughout the drainage.

‘The Klamath black dice is the mos+t numerous and ubiquitous species

| found in the Trinity Rivers. It inhabits all stream sections except: the

headweters of some tributaries. The dace is a small fish in the Trinity;
he largest individuals seldom exceed a fork-tail length of 3.1 inches

(80 millimeters). During the surmer low-water period, Klamath black dace
are seen in very large mmbers in pools elong the river. They are almost

10
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DABLE NO. 2. .

< . DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON

1 9 4 2 | 1l 9 4 3 _
T Rov.  Dec. Jan, Feb. Mar. ~ Apr. May Aug. Sept,
gam Spm 8am S5pm 8am S5pm 8am 5pm  8am Spm 8am 5pm  8am Spm  8am S5pm  Eam Spm

o o4 o4 39 o 42 43 U5 Ly L4g 53 : 64 Th
53 63 43 4t L1 41 Lo k2 L3 hﬁ 47 W9 49 B2 64 Th
53 53 L2 43 N1 L1 42 k3 uh 45 47 KL 5O 52 & T
53 2 M1 41 1 Y1 42 42 45 W6 UE 5L 50 5% 68 7 65 15
‘B2 B2 36 U1 L1 L2 L2 L2 45 47 L5 L5 9 52 68 T 65 75
7 50 36 38 W M1 b2 k2 k5 45 UL 5 g B2 66 TH 65 T5
51 53 37 39 39 Lo Y42 43 k45 45 U3 L5 L9 52 66 Th 65
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1nnctiva during the daytime when they rest in shallaw water or in rubble
on the river bottom, but they start feeding at sunset and remain active
until the next morming. There seems to be no gregarious tendency during
this ‘aoti.ve periods Observations of feeding activity indicate that dace
are omnivorous. Most feeding takes place on the algal-covered bottom,

~ but drifting food particles and floating insects are also taken. In

winter months, dece are seldom seen in the open, although their appearance
in fyke-net oatchel during this period. indioates some nocturnal activity.

Tha Klamath black dace of Trinity River have been extensively re~
ported ‘on by Jhingran (1948). Much of the dace material collected during
this investigation was placed at his disposal and is incorporated in his
s tudy.

Fine-scaled Klamath River suckers are as widely distributed in the

‘river as are the dace, but they are much less sbundant. They are most

commonly found in. deepsr holes along the river and in tributaries with
moderate gradients. Tt iz common to see large. schoola feeding along

- the bottom of pool areas any time of the year. This fish spperently

has 1ittle value in the Trinity River as & forage fish for large trout.
Undoubtedly, Juveniles enter the diet of native trout and. steslhead,
but most small suckers are found in u-ibuiary streams where-large tirout
'do not: ocours ‘

Resident Geme Fishes

Ihe frinity River investigation has revel.led the presence of three
resident Salmonidae: rainbow trout, Selmo gairdnerii (Richardson);

‘brown trout, Salmo trutts (Linmus); and eastern brook trout, Salvelinus
_fontimlis (MI€ehill); named in order of abundance. -

Rainbow trout, the only native specios are distributed in fairly
large numbers throughout the drainage, except in the upper extremities
of some tributaries., This spscies contributes the major portion of all
geme fish taken by spartsmen. The Californie Division of Fish and Game
reports that approximately 7,750 anglers took an estimated 389,900 trout ™
from the Trinity River in 1941. No observations have been made of rainbow
trout. lpmming activities, but ripe males have been taken during the
steelhead spawning period (February = April) in Ruoh Creek, s tributary,
and it may be assumed that they speawn during that periode

Brown trout are also generally di.stributod but are fewer in number
and more conspiocuously absent from the upper extremities of the river and
1ts tributeries than are the rainbow.  There are kmown to be
defini te spawning migrations of adult brown trout in the Trinity. From
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. . Oncorhynchus kisutoh (Walbawm); and the eteelhead trout, Se'.hno
3 ge.irdnerii (Riehardaon). A . T _

June 29 through August 2, 1945, 39 brown trout passed through the gates
of the Lewiston fish-counting welr. Six specimene taken for study had
an aversge weight of 5.7 pounds and an average length of 23.4 inches,

Their sex products were further developed than those of steelhead, but

less than salmon taken at the seme time. Less conspiouous but larger

- migrations occur during November and Decembere . Although these fish have
-not been observed spawning in the Trinity River during this study, local

residents report having seen them spewning in the upper main stream .and
its tributaries from late December until early February.

- S8everal young brown trout were usuelly taken in the fyke neis at

‘lewiston during the week following the first fall rain. A few young,
' .near or in thelr second year, were taken through the remainder of the

. winter months. Fry of this species, that had recently left the gravel,
. wers taken by fyke nets oa very rare occasions in March and April. It

is possible that the brown trout of Trinity River m'l.gra.te to the ses as=
do. representatives of the seme species in Europe, although no direct
evidence is yet available to demonstrate such movement. Scales from

_the specimens taken at Lewlston wers so resorbed that positive ege end

grmrth determinationn could not be made,

Rather 1imi ted populations of eastern’ brook trout cocur in the
oolder wa.ters of the upper extremities of the l‘ri.nit-y River and its’
tributaries. They are oaught in falr numbers by aportsmen who frequent

- the ‘higher, primitive areas. Theze fish do not attain s very large size

in the drainage, but their gaminess and . 11mited distri.'butiou make them
highly desireble to many sportsmen,

_ A_mdro:ﬁoua Fishes

. FPour anadramous or sea-run fishes heve been recognized in the ~
Trinity River during the course of this investigation. These are the
three~toothed lamprey, Entosphenus tridentatus (Gairdner); the ]d.ng
salmon,: Oncorhynchus tschawytscha (Walbaun); the silver salmorn,

- King 'sa.jmon

Commercial and spo:-ts fisheries

King sa]mon have long been sought by India.ns, cauneroial fisher—

.men, and sportsmen as one of the most abundant ard desirable of the

Paoific salmons, The part played by the Trinity River in supplying

i the salmon fishery of California is not definitely lmown, but some -
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1dea of’ its oontribution can be deduced f‘rom discuauon of cateh
statistios, An average annual catch of 2, 286 588 pounds of salmon

- ‘has been taken ocammercially from waters of Eumboldt and Del Norts

Counties over a . period of 28 years (Table 8). .These counties lie
north and south of the mouth of the Klamath River and oatches there
certainly include a major portion of the oontri'buti.on of the Klamath.
River. Salmon originating from other drainages appearing in these
catohes are assumed to be ocompensated for by Klamath River salmon
taken north and south of these two counties,  Trinity River con-

‘stitutes approximately one=third of the total Klamath drainege

accessible to spawning salmon, and its contribution to the com-
meroial fishery supported by the Klamath drainage is assumed to be
proportional to its part of the drainage arece involved. Based on
these assumptions, the anmual catch of salmon frOm Trinity River

- _'would epproximate 762,200 pounds.

An important sports fishery materially increases the value of
the salmcn production. It is difficult to even approximate the value

of these fish to the sportsmen. Businesses. and people benefiting from

sport fishing are so greatly varied and widely' distributed that a
sumation of values is impossible. The California Division of Fish
and Geme estimates that 1,385 anglers took 11,496 salmon from the

Trinity River in 1941. Based on an average. we1gh1: of 11 pounds per
‘salmon, this catch smounted to 126,456 pounds. The total production

of the salmon fishery resource of the Trinity River is probadbly 850,000
pounds per year. ‘

Charaotaristios of the seasonal runs

King salmon enter the Klamnth River from the ocsan in two well=-
defined runs, one in spring and .another in fall, The spring run, once

the largest run entering the river, begins in late March, reaches a peak

in May, and diminishes to the vanishing point by the end of Jume, At

‘present, this run is.very small, but Snyder (1931) oites & paper by

Re Do Hime (undeted) as suthority for the assertion that in 1850 and

- even later the spring run was the most abundant, It was practically

extinct in 1892, and no evidence of recovery was evident when Hume

 wrote his a.rticle which certainly appeared before the turn of the cen=

turys The summer run usually begins to enter Klamath estuary about the
first of July. It increases gradually throughout that month, reaches
a peak in August, declines steadlly through September, and practically
di.se.ppears by the beginning of winter., There appears $0 be little

or no aegregatj.on of this latter run into summer and fall segments.

Adul‘!: king salmon migra.te past Levri.ston enroute to their spewning
grounds in what appear to be thrve seasonal groups: one in apring,
one in summer, and one in fall. Each of these groups, excepting
poasibly the spring run, is distinot and divisions between them are
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. TABLE NO. 8 |
| COMMERCIAL SALMON CATCH*
DEL NORTE AND HUMBOLDT COUNTIES

Woight of catoh
Year in pounds ‘

1916 1,980,953

1917 1,521, 378

1918 1,234,653

1919 1,458,162

1920 1, 307,568

1921 1,212,879

1922 2,006,822

1923 : 1,990,235
11924 2,193,888
1925 3,795,062 .
1926 2,825,650
1927 1,866, 451 -

1928 - 1,211,600

1929 1,520,624

1930 2, 387,507

1931 8,813, 300

192 3,047, 400

1933 3,340,678

1934 - 2,769,304

1935 _ 3,499,610
1936 2,347,116 -
-1937 3,375,560 . . .
~~1938 ... . -, 1,438,230 ..
.1939- . v 07 1,6764116 i
--1940. 3,369,492 . .
1941 2,413,368 - ... ..
1942 2,255,862 . :
1943 - 2,176,182

Total 64,024,450
Average 2,286,588

rom California Division of Fish and
Game published commercial catch records.
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. the spring run in both 1944 and 1945. Weir operation began.August 4, ;.
1944, and on that date 3 fish passed the gates. Salmon arrived at the i
~welr in erratic but gradually inoreasing numbers throughout the remainder
; of the month, The greatest daily count was made on September 2, after
- which the migration dwindled to practically nothing., The total ‘mumber -

of salmon involved in this run was 801, 'In 1945 the summer run began:
. passing the weir om August 16, It increased in the ssme erratic fashion _

# AT T R M wiimis s B AL Rt ammeme sy e aln Ree

woll defined (Figure 5 and Table 9).  Thé apring iilgration pesses
Lewiston during June and July, the sumer migration during August
and September, and the fall migration during October and November.

Counts of migrating adult salmon began early enough to inelude
spring-run fish in 2 of the 2 1/2 years of observations. June and
July counts in 1945 totaled 25 fish. The total count for the same
months, plus the first 10 days in Augus t, amounted to 274 salmon in
1946, The run in 1946 was large encugh to demonstrate trends and

limi tss It began on June 28, increased rapidly to a peak on. July 4,
~tapered off very gradually through July, and practically ceased by
~the §th of August. The spring-run segment nearly failed in 1945,
‘The weir at Lewiston began operations June 6, but the first salmon

to pass it did not arrive until June 22.  In the period June 28

~ through July 16, all but two of the 25 fish passed the weir No
_ other fish were counted until August 2,

| Spring-run salmon ars vory deliberate in their migratory habits,

. They travel fast and do not hesitats to fight any obstacle encountered.
'Their gireatest movement through the ‘counting weir took place during the
- two hours following sumset, although some migration continued day and -

- night, They are in exoellent condition, as is shown by their visceral o

. fat, silvery bodies, and very red flesh, In some years this run is %%

~bardly noticeable in Trinity River because of its relatively small size =

rand the fact that the salmon in it rarely strike at a fisherman's ‘lure. -

3y

‘Upon reaching deeper holes between Lewiston and Trinity Center, these -
- fish stop migrating and remain in a semi-quiescent state until they
. 8pewn early in October. -

W
Sl s -

. The ;o-called swmer run was mich more numerous and distinct than

as did the 1944 run until the greatest daily count was made on September-4. .
Unlike the 1944 migrationm, movement through the weir gates after the peak
dey was sustained until the middle of September before a marked reduction
ocourreds Migration virtually ceased by the end of September. The 1945- -
sunmer run consisted of 873 individuals, = 'f

W j‘l_ .'

The summer king salmon are slow and rather cautious in their _
migratory habits: They are quite wary of any obstruction or disturbance,
-and their greatest.movement.at Lewiston taok place in the four hours :..
following sunset. Little, if any, migratory movement was_observed during
daylight hourse Periodic fluctuations in daily counts of” these fish eppear
to be related to.changes in.

ter, temperature...At. Lewiston,: there was: gen-
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Figure 5. Numbers of adult king salmon passing through the Lewiston

wolr in 1942, 1944, 1945 and 1946, Trinity River.
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TABLE NO. 9 .
KING SALMON COUHTS:'
TRINITT RIVER AT LEWISTON

i 1942 19uY 1945 | 1946

Day Oct. Nov. JAug, Sept, Oct. Nov. June July Aug, Sept. Oct. June July Aug.

1 5 g 14+ kot 2 0 4 o 9 6

-2 2 177 1 75 1 1 12 0 17 7

g 18 90 2 17 01 16 11 9 3

17 3 716 5 5 0 112 21 30 0

5 3 0 ko 1 | 1 0 108 2 28 1

6 L 0 23 3 0 0 0 g 6 i 0

T 6 0 8 0 0O 0 0 37 3 11 o

8 96 0 .0 L 0.0 o0 21 12 O |

9 0 13 g 1 0 0 0 &0 1 5 0

10 0 3 5 23 .0 0 1 65 5 5 1
11 9 11 5 0.2 0 Ly 12 16
12 Rn 23 1 5 0.2 0 @22 13 6
13 L 4 19 o1 0 0 0 24 14 3.
1 b .5 g8 8 0 0 o0 4 255 I
15 0 '3 1. 98 »0..10.,°0 . 10 15§ 1L
16 0 & 4 1m “0..1.712 0 - 715 - 6
17 0 12 2 150 00 8 17 173 7
18 12 2 4 359 00 3 9 205 .k
19 . 3 5 9 61 0 0 21 7 351 0 1o
23] '3 6 700 0 0 35 17 478 0: -l2.
a 6 2. .38 . 0.0 16 4. 369 .0 3
22 2% 1 m 2.0 6 0 g 0 . 6
2 23 . 2 -901 . Q-0 0 5 338 0 )X
2 o dg 0 0 3 3 "Rﬁu QR
- 23 . 4.o.:295 . . 0 0.0 -1 5 Qo @
2% 4 - 1039970 sl 00 0 230 .9 385 0 @
B | 18 4 2:; 0 0 5 5 755 0 3
.28 . ... 2 0 27 3,010 7 8536 -2 3
9 6. 13 -2 166 '3 0 11 1 170. 2 8
30 2 61 499 = 3.0 g o - 1 e

. Totels 8 187 290 511 JuTL 1653 11 14 217656 6612 5 250 19

Yearly L - ' ‘ ] ' ‘ '
_totals 195 9925 7510 27k
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erally a pea.k count two days following a low. river, 'bampemtura. Fish
of the sumer migration are in fairly good conditi.on.; They have no
visceral fat, but their flesh is quite red and firm. Few of these
salmon will strike a lure; however, they are quite noticeable in the
larger holes along the river between North Fork andi Trinity Center.
It is possible that the summer run at Lewiston is a late or delayed
portion of the spring run whioch, having stopped migrating early in the
' season, is foroed to move upstream to escape high summer water tem-
_ peratui'eu-

Fall=run salmon reached Lewizton about Ootober 1 in 1944, and
once they bezan to0 arrive, the mumber counted each day increased
rapidly. After the initial surge, “waves™ of migrants passed through
. the oounting gates until a seasonal peak in daily count wes reached
. November l. This peak accompained the first sustained rein and river

flow inorease of the season. A second storm and subsequent rise in
. Tiver flow forced removal of thes counting weir on November 3. The
' counted portion of the fall run of 1944 amounted to 8,124 fish. The
- fall run of 1945 reached Lewiston at about the same timn in Qotober
" as did the 1944 run. It also passed through the counting gates in
' sucoeasive ™waves® which culminated in a peak daily count of the
. 'season on October 29, Thiz peak count also coincided with the first
sustained rainstorm of the eeason widch continued in intensity and -
- forced removal of the weir on October 30, Fall-run salmon counted

- in 1945 totaled 6,612 at the time operations ceaaed.

me fa11 migration is the largest snd most not';cecble. Many of

. these fish will take the fisherman's lure, and, as & result, they
support & heavy sports fishery. Their flesh is ‘quite pink end readily

j distinguishable from that of the fish in the two earlier migrations,

- which is almost white by the time the fall migration starts, These

. salmon san also be distinguished from fish of the two previous migrations
because their gonads are not fully mature while the other fish have

~ begun spawninge Since these fish mature later, many of them are able to
. enter mllor tributarieu after the first fall freshets.

Obviously, the total annuel number of adult aalmon passing Lewiston
- was greater than the 9,925 counted in 1944 and the 7,510 in 1945, It is
" believed, however, that the number of selmon pa.ning Lewiston was not
_much greater than 120 percent of the number counteds If such is assumed
~ to be the case, then the 1944 run would hava totaled about 12,000 and the
- 1945 run abOu'!: 9,000. ‘

Spawning and development

‘ The first spewning activities of the spring and swmer salmon are
- noticeable along the river between Grass Valley Creek and Stuart Fork
" during the first week of October. By the middle of that month, spawning
~fish can be seen on every sultable riffle in this area, and scattered
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spewnlng occurs upriver to the East Fork: and downstrea.m to the Horth
Fork. Spewning in this stretch of the river reaches a peak during

the first two woeks of November when. ‘many of the fell-run fish are

also depositing their eggs. During the course of the investige.t:.ons,
high water flow and turbidity prohibited obsérvation of main river
spawning after the first week of November, although spawning 1s known

to oocur long after that date. Salmon that. had recéently died following
spawninz, end a few living fish, have been seen as late as December 19
near Lewiston. Three freshly spent salmon were found dead near Jewiston

'in February 1946, Salmon start to spawn in the Trinity Center area during

the first two weeks of November, and a peak in the spawning activity is
reached during the lest two weeks of that month. Spawning salmon have

been observed as late as December 12 near Tr:.nity Center,.

King selmc:n fry begin to emerge frcmi 'the r1ver gravele during

' January. TUndoubtedly, the first fry to appear are of fspring .of the

spring and summer adult runs which spawn some four to six weeks ahead of
the fall=run adults; however, no distinotion between the hatching times
of the separate runs can be detected from fyke-net catches after the
emergence is well underway., The movement of salmon fry from their nests
continves from January through May, as indicated. by . results summarized
in Table 10.’.The appearance of’ undeveloped fry earves as a “rough index

o the, emergence period; hmnever, .nats placed d:.rectly downs tieam from

salmon: nests. took very few yolk sac specimens, . which ‘demons trates that
young, ‘not fully developed a8 they 1ea.ve the nest are the ‘exoeption
mther _than 'I:he rule. B S :

ﬂ:;'.ﬁ3. : o _Seaward migratien '_\j,‘“,‘ ‘

.
DT

Seewerd migration begins 'l:o 1ntensify in March (Figure 6, Ib.ble 11),
ususlly reaches a peak in May snd June, continues until the first half
of July, and practically ceases by the first of Auguste The main

 migration tekes place during the spring run-off period and is only

generally influenced by fluctuations in water flows or temperaturese
Migration ceases in early summer as the river becomes low end its

average temperature ranges into the seventies. The greatest numbers

of migrants for each year of observation were talcen in May of 1943 and
1944, ApriI of 194;5, and June of 1946. !

Fi.gures in Table 11 do not indioa.te the ectua.l size of ths seaward
migration, and, therefore, the results o'b'be.ined in-one year cannot be
compared dimctly with those of another. Quantitative evaluation of
fyke-net catches es indices of the total number of migrants is very .
difficults Too many wariasbles, as location of the net, stage of water
flow, ourrent, debris, and other factors, change the fishing suoccess

‘each day. The only certain value of the fyke-net records is to show
- the periods of seaward migration and their relative intensity during

different seasons of the year,
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TABLE ¥0. 10 ‘
DEVELCPI»EEPE STAGE OF KILG SALNON CATGEES
. IN THE IaEkISTOH PYER ITET ‘

19 4% 5 ‘ 19k s
o Yolk _ Abdomen Total Yolk __ Abdomen Total
. Periods Sac Open Closed Gatch Sac Open Closed GCatch

Feb, 5 9 a 0 1 1 2

‘ 1014 0 0 3 3
15-1 ‘ 5 0 0 0 0

20-2 . 3 1 2 1 4

25~ 1 o 3 o0 o 2 2

2- 6 o 29 0 1 1 2

- 711 3 2 70 75 0 3 9 12
12-16 5 19 28 52 0 0 3 3

17-21 2 5 4g 56 0o 1 3 4

22-26 0 1 39 4o 0 0 2 2

27-31 0O 0 by Y1 - 3 8 19 30

4pr. - l-5 0 2 77 79 0o 2 10 12

- 6-10 0 1 70 L 0 6 21 27
11-15 0 2 216 28" 0 E ! 163
16-20 1 4 165, 170 0 ok 15 19
2125 0 0 15 15 o0 1 38 39

. 26-30 0 0 8 & 0 '3 67 70
"May '1-5 0 0 7 7. 0 1 104 105
610 0 o0 . 12 12 0o o 16 16
11-15 0 0 20 20 0 0 10 10

0 0 16 16 -0 0 17 17

16—20
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~Figure 6. Seaward mirra:bion of young king. salmon in

Irinity River at Lewiston.
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Young selmon were observed from a barge anchored in the middle
of the river during a heavy migraticn on. June 24, 1946, between 8 and -
9 p.me At that time, fry in great numbers could be seen drifting down-
s tream with the ourrent.. They seemed to be evenly dispersed over the
entire river with no tendency to travel in groups or schools, and most
of them were within a few inches of the surface. Few were seen at depths
exceeding 18 inches, but all of them make some effort to stay head ups tream

- as they drifted with the current. In a S~minute period, 47 were counted as

they passed through an illuminsted section of river 10 feet wide. Assum=

* ing that the migrants were evenly distributed across the 200-foot width

of the river, they were moving past this point at the rate of 188 per
minute, or 11,280 per hour at that time. ‘ ‘

In the warm summer months when relatively no downstresm movement

. is evidenced by fyke-pet returns, young salmon are commonly seen at
- all points along the river in the vicinity of- Lewiston. Their presence

is most conspicucus in the early morning when they can be observed jump-
ing from the water in quiet, shallow areas along the river's edge.
Throughout the day they apparently seek seclusion in the rocks on the-
river bottom. Several hundred young salmon ocongregated at a small sube
surface spring near Lewiston on days when the water temperature rose above
75% .  Any tendency toward downstream movement in their activities 15 so

.8light that it escapes detection. The seaward migration is resumed |

inmediately following the first fall rains when water temperatures e.pproxi-
mate those recorded in April, May, and Juns. This migration of young -
entering their second year of life usually starts in October or Novembar

. and continues until March and April of the following year, as ehown in

Figure 60
The rate of grcmth of seaward migrant salmon is di.fﬁeul‘b to’

| ucertain from samples taken at & fixed location. It would be possible ‘
only if certain population segments could be followed downstream and

sampled periodically. Sempling at a fixed lomt:.on actually. ‘provides a

l - 8ingle. set of data on a different popula.tion group eaeh daye "It is a

interesting to note, however, that as the season of downstresm migrae::

. tion progresses, the average length of migrants’ taken increases’ unifomly

and may be indicetive of the rate of growth (Table 11)e -Althcugh samples
taken in February are too small for reliable statistiecal treatment, salmon
of the year captured during that month in three of the four seasons were
larger than migrants caught in March of the seme yeers. The average
length of February migrants in 1944 and 1945 was greater than similar
average lengths obtained in both March and. April. This tendency is pre-
sumably indicative of the difference in time of emergence betwsen progeny
of spring or summererun adults and. progeny’ of fell=run pe.rent ee]mon.

Tha‘ difference in average lengths of seaward migrants wasy 15 mm,
(0,59 inches) between March and May of 1943; 15 mm. (0.59 inches) between
March and June of 1944; 15 mm. (0,59 inches) betwesn March and June of
1945; and 16 mn, (0.63 inches) betwsen March and July of 1946. Salmon
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taken in November were greater in average length by 17 mm. (0.67 -
- inoches) in 1943, 22 mm. (0.83 inches) in 1944, end 30 mm. (1.18

- inches) in 1945, than migrants of the same brood year netted in

March. Occasional specimens, captured by the fyke nets in March

of the year following their hatohing, average 82 mm.. (3.23 inches)

in- length in 1943, 79 mm. (3.11 inches) in 1944, 75 mn. (2495 inches)

in 1945, and 73 mm. (2487 inches) in 1945, These lengths are probably
less than the avereges which could be obtained from series of gamples
-c0llected by means other than fyke nets; fish larger than 70 mm (2.76
inches) in:length are able to avoid capture in most stationary fyke nets.

Sex ratios of adults .

The matter of sex ratios in a given population of migrating aedult
king salmon has been the subject of considerable research effort,
Apparently, the consensus of opinion to date favors the  concept ' of
squal numbers of males and femsles in the originel stook with in-

- equalities resulting almost entirely from the early maturation and

migration of a certain portion of the males of any given year class,

Snyder (1931, pe 103) established a sex ratic of 1 female to 1.07 males

 from 9,439 salmon taken in the commercial ocean catch of f Monterey,
Califormia, during the years 1919-21. The ratio for the individual

years varied only slightly, being 1:1.10 in 1919; 1:1.02 in 1920; and

1:1.05 in 1921, From these results, he meintains that sea fishing does

not diseriminate in any great measure against either sex., It is also

fairly obvious that the sex ratio in the sea is 1:1 as would be expectsd.

Determinations of the sex of salmon fingerlings ssmpled at Lewiston ine= _

. dicete & ratio approximating equality. The sex ratio .of 166 young salmon

~ taken during 1943 was 1 female to 1.05 males, and a semple of 116 taken

. during 1945 revealed a ratio of 1:0,97. These samples were composed of

. fish ranging from 60 to 100 mm. (1.97-3.94 inches) in length, :

‘ _Sex ratios established from observations on migrating aduls

- Populations are quite certainly affected by the type of fishing which

- the migration has had to pass, Gill-net fisheries are especially

. selective since most of the mesh sizes are fixed by law for the
protection of the smaller sized fish in the run. Sayder (1924) re-

- porting sex determinations made on a sample of ‘340 king salmon taken

- at Hoopa in late September 1920, found 260 males all leas then 25 inches
. long, 47 males greater than 25 inches in length, and 33 females. These
fish were taken from Trinity River below the Indian fishing weir and
probably represented a fair oross section of the migrant population

- after it had passed the gillenet fishery at the mouth of Klemath Rivere
The sex ratio derived from this ssmple iz 1 female to 9.3 males.

The preponderance of males far exceeds anything observed at Lewiston
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" or Trinity Center during this study end 18 also an indication of

the deplstion which selective fishing gear can exert on a population
despite presumably adequate escapement provisions made by law., In a
later study, Snyder (1931, pe 36) found .that females predominated in
the gillenet catches et the mouth of Kalameth River. During the
years 1919-1923, inclusive, 63.2 percent of the catch consisted of

femsles, His records are based on catches from nets that allowed
‘the esompement of small fish, and, as he ‘states, do not represent

a true oross section of the salmon population. Snyder points out
that a greater number of large males was taken in the fishery during
the latter part of the season, but very seldom exceeded the number
of females. He also noted an inorease in the size of the fish as
+the fishing season progressed. '

After clcsure of the Klemath River to commerciel fishing in-
1933, the migrant adult population of salmon in Trinlty River must have
returned to its original composition as regards sex ratlios. Results -
obtained during this study would certainly be more representative than -
those of Snyder. In the vicinity of Lewiston, a sample of 33 fish con~
sisted of 1 female to 1.91 males in 1942; a sample of 90 fish consisted

‘of 1 female to 2.33 males in 1944; and a sample of 116 fish consisted .

of 1 female t0 2.66 males in 1945 (Table 12). The ratio for all years

of yecord at Lewiston is 1 female to 2.4 males, At Trinity Center,

some 26 miles upstresm from Lewiston, a sample of 648 fish examined in
1945 consisted of 1 female to 0.85 males, ‘a.lmqstgth{s reverse of -the

ratios found at Lewiston.

'rha difference in the sex ratios of ﬁshﬂ sampled in these two areas

‘may be influenced to some extent by the Indian gillenet fishery at Hoopa.
“The summer and early fall runs of salmon that spawn near Lewiston must
pass nets that would take out many of the larger fish resulting in a -

greater proportion of small precocious ‘males in the upstresm migration, .
It has been observed on other streams, such as. the Sacremento River, -

that the sex ratio may change from year to years -Some investigators aver

that a preponderance of males, especially grilse, ‘presages a ‘large migra=

tion at maturity of the brood from which the grilse were derived.

Since the .spring and sumer salmon tend to spawn near Lewlston, and
those migrating later utilized the area near Trinity Center, -the two ‘
areas might be considered unrelated with respect to the- composition -of
thelr spawning populations. The sex ratio of the fish spawning in ome '
area is not necessarily related to that of the spawning population in-
the othere In order to arrive et the sex ratio of all -salmon migrating:
up the Trinity River above North Fork, the sex composition of both of
these populations must be considered. Am average sex ratio determined
from selmon teken at the center of each area should evaluate both popu=
lations equally and should be representative for the total spawning popu-
lation, The sex ratio derived in this manner is 1 female to 1.63 males.
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l(easuraments of the total length of salmon aexed in the Trinity

' Center area indioate that females there are larger than those spewning
near Lewiston: (Table 12, Figure 7)s The mode or greatest mmber of
females of the same length in the Lewlston zample was 29 inches and in
the Trinity Center sample it was 31 inchese In the Trinity Centor area
54 percent of the females meuured 31 inches or longer, and near Lewiston
only 18 peroent were in the ssme ocategorye The mean total length of
‘females at Trinity Center was 303 inches and that of females at Lewiston
‘was 28,9 inches, The difforence between these means is 1.4 inches and
tests for wvalidity of this difference show & high dogroe of ligniﬁoanoo
(2.3 times the square root of the sum of the squares of the standard
errors of the means). The différence in the size of the male fish of .
the two areas is not signifioant. Males averaged 24.0 inches in length
at n'ini.t'y Conter and 23.3 inches at Lewiston. Near Lewiston 59 percent
-of the. mlu were grilse, as oompared vrl.th 41 peroent ut Trinity Center.

: Eggg oontained in the ovaries of 70 female sa.lmon v_rare counted
during the course of the investigations (Table 13). Individual oounts
‘ranged from 2,341 to 4,764 and average 3,466, The oorreht.lon betwasn
egg content and weight of femanles is not very well marked although the
two characteristiocs are certainly closely related. Snyder (1931, p. 13)
reports counts from salmon taken in the Klamath River that ocompare
favorably wi.th these figures. He derived a mean of 3, 760 eges between.
oxtremes of 1,718 and 4,977. These counts closely approximate the average
number of eggs in female king selmon from the Rogue River, which is believed
to be about 3,000, and stands in sharp contrast to the 7,000 plus eggs :
carried by salmon in the Sacrsmento River. Part of this difference osn
be attributed to differonou 1n average mi.gb.ts between femle- of tho
two races, S

Tha weights of ld.ng salmon in tho vioi.n:l.ty of Iﬁwiaton were de-

termined from samples collected at the oounting weir and elong the.
river at various points. Weights of salmon in the spewning aree are ‘
of 1little value in considering the problems of yield to -ocommercial or: v
sports fisheries, but they are of biological interest. - The average. . - .-
welght of 70 females colleoted furing the 1944 and 1945 migrations was
13 pounds, while that of 61 males was 9.6 pmmds. ' Average weights of
salmon oaught by commercial netters at t he mouth of Klamath River as
determined by Snyder (1931) weres 15.3 pounds in 191T and 16.6 pounds. -
in 1919, These weights did not inolude nany- of the grilse entering. tho
river and may be somewhat high as averages for the entire run, If this
d:lacrepanuy is disregarded, and if the Trinity River races are similar

to all others in the Klamath drainage, then the effort expended in.
migrations upstream to Lewliston requires betuon 4.6 and: 5.9 pounds  of
body welghte. ‘




:“’-‘\k

Number of sal—morf

e -y

50~

40

304

3
]

204

e,

$

104

Fork-tail length in inches

Figure 7. Length-frequency distribution of male and femsle k .
Lo salmon from two different sections of Trinity Rivc:'?g 7



Total

Length 191&2

m;m No. 12 o
srm xmo SALMON - TRINITY nxvm

‘Lewiston
194l

1945

Total Trinity Ctr.
19ua_19u5 19k5 :

- Inches -?émale Male TYemale

Male Female Vale Eriale Male ¥emale . Mhle

.15 |
16
17
18
BT

L%
n
-

i

- ﬁ-f-. Not meas. .. _\:-_.‘. .

HFPon o

He

e

. .
F 5~ O W

. H D Hp-Iouw

N MU R e

-

-

[ .
Yl YOV STy

FROHWERGWGE n oW

15
a2

1 1
10 2
\11 15

y 1l+ 39
.18 28
18 14
12 '

[
0 Ve -
=

=
FH O WRLU Ry
o
o
=
GV )
¥z

,.";‘ il o i

Totals i 11

21

2 63

T 77

_ 67 161 297 - 951

Sex ratio 1:1.91

Grilse 3

(247 op less) 71%

9%

Females :
(31“‘or:over)

132,33
65%

12,66

614

12,80 % 11:0.85,

59% - lag!

Jwerggeflenggg;

28.9" 23.3" 30.3" 240"

»
-
'.!-"_;;T-;y.—-.‘.e B P, A
i : : |
et (VY] .
: t b N e RIS
LY 8 -




PABLE. KO

13

- Bange 2,35

39 .

o | : FECUNDITY OF FEMALE KING. SsLMON ~ TRINITY RIVER
1 9 k2 1.9 45
© . Total Total
Fumber  length Weight. Number length Weight
of eges_(in.) (1vs.) of eggs (in.)  (1bs.)
3,231 31 15 3.659 32.25 16.7
3,132 28 11 J421 35.00 18.0
3,263 35 20 3,229 15.00 8.6
3,409 26 8 3,225 29.00 11.9
3,719 . 33 18 3,178 - 25.75 8.0
2,341 % 8 3,720 26.75 8.5
Mean 3,182 _ ,103 23.00 11.6
Range . 2:3_’-'-1—3,71 o v 332 3 ;50_ 19.5
==t iR %
Co 2. - t - -
Lo 4 4 2,982 32,00 13.0
- Total 4,182  28.75 10.5
Fumber 1length Weight 3,224 33,00 13.0
of eggs (in.) (1bs.) 3,298 31.50. 13.6
3,063 = 27.50 ---- 3.626 34.000 16.6
3,492 30,25 13.5 &.hsz - 32,00 12,3
" 72,965 30,00 '13.0 »1109 35.00 -17.3
2,862 29,50 11.0 . 3,409 3&.00- -14.6
L1719 ~ 33.50 17.0 \ 4,207 3ho0 -16.6
T 2,659 3150 ~—m 3,665 29,00° 10.8
“3,037  31.00 11.5 2,960 26.50° . .71.7
3,947 31,25 13.5 3,401 38.50 ::12.0
3,222 31.00 16.0 - 3,105 29.50 - 11.4
- 3145 33,00 16.5 3,187  30.00 10.0
w3190 Lz -29.00 0 13.0 . 3,658 “ 29.50 +3.:9.8
. 20340 - .27.00 :11.0 3,752 ~33.50-: 14,5
3,748  27.00 10.0 JTOH . o 34,50 5:15.6
3,664 30.00 1.0 3,381 29.00 -11.5
50399505, -27.00- - 8.5 13,505 .-29.00 10,3
3,052 ..32.00 16.0 3,997 - 32.00 .13.0
3.2l49 -28.00 11.0 - 3,99 29,00 -11.2
- 3.6 32,50 12.0 - 2,961 23.00 .12.0
3,803 . 33.00 1l.0 ‘ '.-g,_s-zo,.-. . 29,50.:.12.6
3,922 .50 18.0 ; 4,052 33.00 15,6
3,750 33.50 16.0 CTtee 279G i
4,180  33.00 1h4.5 I ‘
. 3,233 30.50 11,0
. 3,015 27.00 9.0
2,357 26.00 7.8
3!15!"' - -/
:,lI-SO —— g———
3,394
14,354




Silver Salmon

Silver sealmon enter the lower Trinity Ri,v:er-'#o ‘6pawne They are
not known to migrate above the mouth of the South Fork at the present
time, snd there are no definite indicetions that they have ever migrated
-upri.ver as fer as Lewiston. Residents of Hyampom on the South Fork
clearly ‘d‘esc‘ribe a silver salmon migration to thet area during one year
when unuuually early fall rains occurred. Silver selmon are known
to be present in the Hoc»pe Valley during October.

Steelhead Trout

Steelhead trout using Trinity River spawning grounds are of little
importance to the California commercial fishery, but they are outstanding
as sports fishe Anglers seeking the thrill of catching these large gemey

- f1sh contribute to a sizable tourist population nlong the river in the
fall and winter months. -

_ In the Trinity River, young steelhead start to emerge from the
gravel late in April and a few begin moving downstream in May and June.
This ‘early movement reaches a pesk in June and July (Figure 8 and Table 14)
‘and subsides rapidly with decreasing river flow and increesing water
‘temperatures. In some years, many adult steelhead utilize the main
‘Trinity River at and above ‘Lewiston a= spawning ground. Whenever such
‘spawning occurs, there is a post-hatching migration downstream of very
8mell steelhead which are apparently not migrating seaward, but are drift-
& ing downstresm to satisfactory holding areas in quiet vmter. Generally,
vk { tributary streams ere used by the steelhea.d, and ‘under such oiroumstances,
Y < | the large fyke-net oatches of very young fish ere materially reduced.
- N % | Some downstream movement oontinues through the summer and gonerally
" | inoreases during the fall and winter. The migration is practically
SQ B ocomplets: about ‘the time fry of the next 5aners.tion ere s'tarti.ng to leave
L. thﬂir nests. ‘

Ea.rly, freshwa.ter growth of the steelhead i.n Trinity R:I.ver is
. ‘reflected to & certain degree by the length frequency distributions
‘. .of fish taken by fyke nets. C(Catches were grouped into 1l0-day periods,
. - and lengths of the fish were grouped at 3 millimeter (0.118 inoh) intervals,
- 'Idealized growth curves for each season have been fitted by inspection
on the basis of mean lengths for each period as they applied to brood
yeers (Figure 9)e Generally, no difficulty in separating the fish of
each brood year was experienced. Because the hatching period of the
steslhead in Trinity River extends over about 5 months, from March
‘through July, length frequency distributions are enpp_oially broad.
However, enough scales of young steelhead have been examined to sub-
stantiate the separations of year broods through the first 18 months
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of life. The time of annulus formation is uwniform regardless of the

time of hatching, and annuli would, therefore, appear on the scales
after 6 months to 1 year of life, depending on when the fish began inde-
pendent existence. Growth rates sstablished in this manner are probebly
low. Larger fish were usually missed by ‘the fyke nets. Beyond the arbi-
trary 1imit of 80 millimeters (3.15 inches), the samples are inadequate.

‘ ‘ ‘me step=like character of the growth curves expresses the length
of growing seasons in Trinity River at and above Lewiston. Apparently,

. growth is quite rapid after emeigenos of fry from the gravels. This
acceleration slows to a virtual standstill by September, and average

lengths are almost constant throughout the winter. Inoreases in length
begin in spring (Merch to May, depending on the year) and presumebly
continue until the following September, although catches of older steel-
head are insufficient to determine the time of growth cessation in the
second year of life. ' o |

The greatest number of downstream migrating steelhead as determined
by fyke netting, move shortly before or somewhat after the end of the
first year of life. However, many migrant steelhead must be larger
than those sempled by the fyke nets, as scale studies of adults show
that many individuals remain in the stream two or three years before
reaching the ocean. It is likely that yowung steelhead leave the Lewiaton
area as yearlings and spend a year or more sampleting their migration
to the seaes Certainly the compesition of migrants passing Lewiston is
not necessarily the same as thet of migrants entering the Klamath River

. _or the ccean, During extended winter dry periods when the river is low

and clear, groups of several hundred steelhead trout 6 to 8 inches in

 length can be seen slowly drifting downstreame The size of these fish
- would indicate that they were in their second or third year of life.

These schools migrate down the ocenter of .the river hovering close to
the bottom, thus eluding the fyke nets which, because. of excessive
ourrent in midstream, were fished near the banke

Prior o or;‘during the seaward movament,; steelhesd trout become

‘large enough to add materially to the fish population available to

anglers. (There is no size limit in California.) The magnitude of

_the gontribution to the sports fishery is not kmown, but it is assumed

to be. considerable, ‘

Steelhead remain in the ocean fram ome to thres years before meking
theiry first upstream migration to spawn. Many of them do not die
following spawning, but return to the ocean. Before oompleting their

‘life history, steelheed may spewn three or four times, repeating this

migratory procedure each year after maturity.
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In 1945 the first group of ateelhead migratlng up the Trinity.
River reached Lewiston on June 10. This run continued until July 12
and totaled 41 fish (Table 15). A similar migretion started on June 30,
1946, and oontinued until July 25, totaling 21 fish. ' These ocounts of
migrating fish are minimal. Ma.ny emaller steelhead in the migration
were able to pass through the pickets on the weir and were not counted.

 No counts were made early in 1944, but upstream migrant steelhead were
~caught by sportsmen during the first part of July. . Adult steelhead
are cammon.in the deep holes along the river below North Fork in summer,
These fish start moving upstresm along with fresh run steelhead during :
Octobers ' Counts of steelhead through the Lewiston weir in the firat 3 dayz
of November 1944 emounted to 456 figh. The weir was removed November 4.
In 1945, & run of 170 steelhead was oounted in the period October 1 to
29, The counting weir was removed from the river on the latter date.
Steelhead continue their spewning migration up the I‘rinity until sometime
in Marche Attempts to count the migrants have failed as they move during
storm. peri.oda when 1t is uaua.lly necesaary to romova the counting weir,

- .

Steelhead trout enter the larger tribu'barios auoh as North Forlk,
Browns Creek, and Stuart Fork following the first fall rain, Smaller
tributaries are entered during the first rein in February after which
. ‘these streams maintain a flow sufficient to insure adequate spswning
- oonditions. Spawning begins in the upper Trinity River drainage during
" the last part of February and reaches a peak in the last two weeks of
- March and the first two weeks of April. Some scattered spewning oon-
tinues until the first week of June. All observations of spawning
acti.vi.ty were made in tributary atreams where ateelhead were confined _
' to small areas and could be easily seen. Most nests in tributary streams
 are located in gravel pockets between large boulders. However, the few
larger riffle areas available were 50 heavily utilized that individual
nests could not be distinguished. Considerable. ‘apawning takes place
" in the main Trinity during the spring run-off period when silt-laden
water obsocures their activities. This main river spawning has never
been -observed directlye. It iz evidenced by the many nests whioh are
: ' ~ exposed as waters recede following the run-off period. The idenity .
- of these nests was proven through recovery of dead steelhead eggs from
- one nest exposed in shallow water. Usually, fry have hatohed and esoaped
- from the gravel before such examinations can be made. ' Steelhead nests
in the main river are most’ commonly found in gravel areas along -the
‘edge of the stream and in long, comparatively shallow pools with flat
bottoms. Some of these nests are possibly those of the lamprey, which
' spawns during the same period and under aimilar condi tions.

Directly following spawning, adult stoelhead start a return
'migration to the ocean, This downstream movement which probably starts
-sometims in March contimmes to pass Lewiston throughout the month of
~Juns and into July. From June 6 through July 6, 1945, 195 of these
‘migrants were counted through the gates of the Iﬂu‘lston weir (Teble 15).

The weir was not in operation in 1946 during the corresponding period,
- thus only seven migrants were counted between June 20 s.nd July 22, 1946,
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TABLE NO. 15
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: Tthe spent steelhead passing Lewiston during June and July in

their seaward migration are generally in very poor condition. Most
individuals are badly spotted with fungus growth and heavily infested
with nematode parasites. Meny badly fungused individuals died and drifted
domnstream against the Lewiston weir. Approximately 80 percent of these.
dead steelhead were males, which indicates that they suffer the highest
mortality in spawning. A few of the spent steelhead enter the sports
fishery during May, the first month of the fishing seeson. Most of these
fish are taken in the Trinity Center ares near the upper end of the drainage
where the flow is generally low enough to permit fishing in the main river
during the first part of the season. ‘ .

| Pacific Lamprey

Least important of the anadromous fishes of the Trinity River

- 88 & oommercial or geme species is the Pacifio or thres-toothed lemprey.
~ Hoopa Indians trap the lampreys for food (Snyder, 1924, p. 164), but
otherwise they have no apparent economio importance, .

The adult lempreys migrate up the Trinity River in small numbers

~ throughout the summer. Ocoasional migrations took place during July,

- -August, and September in 1944 and 1945, Migrations ocourred at might
and were infrequent, lasting only one or two nights with intervals of
soveral weeks between movements. Lamprey migrants were not numerous and
seldom oould more than one be seen at a time, The ups tream movement
seemed to be very deliberate, and there sppeared to be no tendenocy to .
pause, veer off, or delay as the migrants passed between picket openings
of the Lewiston weir and through the 1lluminated section of water above -
the weir. larger upstresm migrations undoubtedly take place during the

~ winter months,. | o

Spewning lempreys are seen in the tributdries of the Trinity
River during April end May. Lampreys presumably spewn in the main river
during these months, but their activity is obsoured by ‘roiled waters
of the spring run-off. Same lampreys are observed in nesting areas .of
the main river during June, and receding water during the seme month
exposes many other nests completed earlier. Lamprey nests are looated
in gravel along the river bottom where the ourrent is not excessively
swift. In tributaries, nests are most frequently located in gravel
above riffles or in riffle erees with moderate current.

- Following spewning, the lempreys drift downstream snd die.
Many spent lempreys were taken during May and June in fyke nets used
- %o capture seaward migrant salmon. In June and July of 1945 and 1946,
- dead lsmpreys lodged against the pickets of the Lewiston weir and other
- live individuels were observed feebly working their way through the
- plckets, o
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_ After hatching, ‘the young lempreys remnln in & larval stage for
a period of* about. four yeara. Larval lampreys can be found buried in
‘sandy 'areas along the Trinity River at eall times of the year. The
downs tream migration of lamprey ammoeoctes starts during the first fall
after hatching, at which time the smallest individuala are only 16 to
20 mm. (0.63 - 0.79 inch) long. These lampreys of the first age group
are too small to be retained by the 1/§-inoh mesh fyke nets used to
sample domms tream migrants of this end other species. Therefore, the
downstreem migration of the first age group could only be detected by
: sucoessive poisonings of ponds along the river's edge that were overflowed
: during fall floods and then isolated by receding wators. These ponds were
-poisoned with rotenone preceding flood periods to be certain that they were
devoid of all fish 1ife. Following high-water periods and isolation from
‘the river, they were again posioned to obtain fish that had migrated during
‘the flood. In poisoned ponds lempreys would amerge from the sand, swim
aroung in frengied -distress, and usually die in ghallow water where they
were ee.sily collecteds. Several thousand ammocoetes representing all age
. olasses were colledted from each of several sand bottom ponds 20 to 40 feet
in width and length following each flood period. It is very likely that
downstream movement of ammocoete stages is a passive movement. As silt
beds in which these larvae live are destroyed or moved by high water, the
‘ reletively hclpless lamprey larvae are carried to new locations downstream.

Fyke nets retained most young lampreys measurlng 90 mm. (3.54 inches)

. or longer. Ammocoetes appeared in fyke-net catches throughout the year, but

'larger catches were made during and following, flood periods., Eyed lempreys
are also taken in fyke nets throughout the yeer. The relative absence of
eyed young in samples teken by poisoning would‘lndic&te thet they make a
oontinuous and deliberate movement toward the OQean.

SAIMON SEHHNING-BFD SURVEYS‘
Following 8 preliminary survey in 1944-1 two surveys were conducted
 during the summer of 1945 to determine as nearly as possible the spawning

capacity of the Trinity River between the proposed Lewis ton dnm site and
Rorth Fork at different flows.

Nest Heasurements

During the 1845 spawning period, 20 completed nests were measured
(Teble 16)s These measurements included the entire area of gravel
disturbed by the spewning fish. Nest digging activities are somewhat
erratic, and salmon usually disturb e margin of grevel on each side of
the nest that is not actually a pert of it. There is also an area at
the downstreem end of the nest which is covered by loose gravel ocarried
down by the current during nest digging and an area at the upper end where
gravel is loosened by the fish to cover the last eggs laid. Nest memsurements
shows in Table 16 may be reduced by about 45 square feet to compensate for
these unused but disturbed areas (1l-foot margin on sides and lower end of
nests and 2-foot margin at the head), meking an average nest area of about
63 square feet, equal to the nest size (9' x Tt) established by rough
measurementa in 1944, ‘
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L S : TA'BI.E lvO. 16 (
e :  MEASUREMENTS OF COMPLETED KING SALMON NESTS
‘ E . ON RIFFLE ABOVE LEWISTCN BRIDGE
OCTCBER 26, 1945
Size . Area
in ft, in sq., f%.
11'x 7. 77
l2x 7 g
13 x 7 91 : .
E\ 6 gh
1 x 7 98
1 x 7 98
1 x 7 . 98
ik x 7 98
1t x g 112
it x 8 112
14 x 8 112
15 x 7 105
15 x -7 .105
15x 7 - 105
15x 8 120
15 x 8 120
15 x 10 150
16 x 7 112
18 = 6 108
18§ x10 . _ 180
: ' ‘Potal - 2 169 .
Average:
Length  14.5 £t
_Width 7. . S
. .. Area T 10845 sq, £t T
" - e
N
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Me thods .:};

Individual selmon nesting sites wbrqquuntad end recorded for each
riffle. An area of suitable spawning gravel, 9 by 7 feet in extent,
measured lengthwise with the current, was gonsidered as one nesting site.,
Major oriterie.used to define suitable nesting gravel were: (1) depth [
of water (0.5 = l.5 feet), (2) size of gravel (1 - 5 inches in diameter),

(3) 148 location on the riffle, and (4) estimated current velocity.
Application of these oriteria to individual riffles was oonditioned by
‘combinations of many influences. Grester water velocities emable Eucoess~

ful spawning in the areas where gravels are large. With lesser current velogie-
ties, these areas are not suitable. Under certain circums tances, water

desper than 05 = 1.5 feet is certainly useds Scme riffles consist of

sul table gravel, current velocities are satisfactory, and water depths

are within the range stated, but the entire riffle may be compacted and
cemented so that it cammot be used by spawning salmon. Broad standards

. of estimate were set for these surveys. However, much of the accuracy

achieved necessarily depended on the expariencéjand Judgment of personnel,

: On riffles with scattered patches of suitable gravel between large
boulders, each individual nest site was picked out and counteds The area

of riffles with larger rocks scattered thronghout suitable spawning gravel
wos determined and reduced by a sorrectlion factors The correction factor
was found by counting the individual nesting sites on an average cross
section of the riffle and comparing the count with the number possible if
the entire riffle were suitable gravel. On riffles with greatly varying
gravel types, two or more such corrections were mads as the riffle changed
in character. The areas of riffles composad entirely of suitable gravel were
divided into 9 by 7 foot sections. The number of sections was coneidered to
be the spawning capaoity. ] L

Results of Sufveym

‘ The first 1945 spawning bed survey was started in July when the river
was flowing 360 cubic feet per second at the lewiston gauges The survey was
completed 10 days later when the flow at Lewiston was 250 cubic feet per
second. ' S1light corrections wers made to compensate for varisble flows so
that the entire survey would show as nearly as possible the mumber of nests
at a flow of 300 cubic feet per second. ‘

The second spewning bed survey was conducted during the middle of
September when the river discharge at Lewiston was 100 ocubic feet por second.
Results of these surveys are presented in Table 17, which gives the number of
nests counted and the comparative efficienoy of water and riffle usuage for
spawning at the two flows, expressed in nests per ocubic foot per second per
- mile of stream, .

In areas where there are broad riffles of fine gravel, the effioclency
of water and riffle usage increazes with inoreased weter flow. This is
particularly true of the stretch of river betwesn Grass Valley Creok and
Douglas City (Figure 10) where many broad, shallow riffles are converted z;/
- %0 good spawning sites by increased flows. Just the opposite is true of
parrow riffles where the spawning efficiency 18 reduced by increased flow.
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TABLE NO., 17 |
‘ SALMON SPAWNING BED SURVEYS - 191;5
TB.INITY RIVER FROM LEWISTON DOWNSTREAM TO I"OR'I'H FORK .

|

" Length - Coo :
. _ of area Number of Nests ‘Nests/cfs/Mile ‘

‘drea in mi. 300 cfs 100 cfs 300 cfs 100 cfs
Lewiston-Dam ~ , 365 ‘

Tewiston 2.0 731 228 1.22 1,14
Lewiston ~ _

Rush Creek 2.0 205 200 - .34 1,00
Bush Creek — : ‘

. Grass Valley Cr. . 3.5 670 139 N Y
Grass Valley Cr. - ‘ o ‘
Lowden Dam 3.5 1,680 469 . 1,60 1,34

Lowden Dam - ‘ . K ‘ o

" Douglas City 7.0 2,909 g6  1.38  1l.22

Douglas City - :
' Browns Creek . B.5 g1l . 850 56 1.54
. Browns .Creek = -

- Junction City 6.5 1,643 695 .8 1,07
- Junction City -

North Fork 7.0 1,248 , he3 .9 .60
_37.0. _ 9,897/ 3,920 .89 1.06
= _ /o —= ; :

: / Ae" N 17
TABLE N '

MINIMUM AV‘EB.AGE DAILY ¥TOW OF TRINITY RIVER AT LEWISTON NOVEMBER 1-~15
‘ DISTB.IBUTION OF .‘DAILY FLOW IH 5 C.F.5' G-EOTIPS

- Flow 100- 150- 200~ 250- 300- 350- hoo- 50~ 500~

Tear _ in c.f.s, 149 199 aug 299 3’49 399 - 549
1927 23k '
1928 - . 186 X

- 1929 116 X

©. 1930 . 11 X

. 1931 138 X

1932 103 X ‘

. 1933 Sy 4 X | ' E
1934 0 Los X
1935 . | 163 ) X | |
1936 - o127 X |
1937 195 X | \
1938 34 : : X
1939 120 X .
1940 . 500 = X
g 304 ‘ ’ X
1922 - 186 X
1943 - 251 X
19LLEL - 4g2 ' X
Totals 4,162 7 b 1 1 1 1 1 1 1
Mean 231 | - {

| S S N e |
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Figure 10, Number of salmon nests in Trinity River between Lewiston and
( North Fork as determined at two different river flows.
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B :I.ng formla.s _ ; i ‘ ' o

where XN is. tho nmber of the nest&: ll, the m:l.les of stream; F, il ri.ver _
flows Eq, the wa.'bar efficiency fa.otor at tha lmct flow mensuro; Ez, the:

P ;jntar ofﬂoiepcy fastor at the highrrl: flow muured; I,, the lowest flow ""':;
- ‘measured; n, 'the mmber of intervals used between the highest and lower |
5 ﬂor; and i, the size of the interval in ou’bio feet per second. L

| Swifter current and deeper water over gravel on this type of riffle-

renders ‘1t unsuitable for spawning purposes. . Examples of this: con= -

" dition can be found between Lewiston and Ruuh creak and between
‘ Douglas Ci.ty and Browns Creeke : ‘ ‘

Exprused in 'bam of neats par oubio foot per socond per mile

‘or stresm, the results of the two spawning-bed surveys ‘indicate
that &t water flows between 100 and 300 cublo feet per ‘second, thera

is & very slight deorease in water-use efficiency as flows become greater.
Sinoce the water-use efficiency varies only slightly, there would be little

“ourve in a line projected to show water~flow in relation to nesting

' oapagitys The change in efficiency between these two points should be

' fairly constant because of the counteraoting effects of variations in

. nesting ocapaclity with changes in river flclr on the two typea of riffles
- (broad and mrrow) nlready discuuad.

The oum shown in Figure 11 was derivad by caloulating a

theoretical mumber of nests for each rate of water flowe. In this '. e
' ealoulation the mumber of nests was obtained by: nmltiplying the mumber

of miles of atresm by the flow in cubic feet per second and also by

~an efTicleney factore This factor was computed by su‘btraoting from
 the observed efficiency factor at 100 cubic fee}.per second the deocrease
‘in eff.toienoy from 100 cublc feet per second'to the rate of flow in P

questions The oalculation is nlgebraioally expreued in-the follow-

e

Rains of ahort durations and minblo 1nten:ity commonly ocour

during the peak of the spawning period, but tmponri.ly inoreased flows

caused by these rains caunot be considered in determining normal spawning -
flows., To elimate errors that might result from these temporary fluctus=
tions, only the minimm: flows recorded at Lewlston dnri.ng the peak spawn=

" ing period (Hovember 1-15) over & period of 18 years are considered.

" (Table 18). ‘The average minimum flow during this period is 233 cubio :
feet per second, but since the miniumu flow is below this sverage in C .
11 of the 18'years, ‘the median £1ow must also be less than aversge. =T
'Flows ebove 350 cubic feet per second might be llinimtod as errtio -

since they result from umsual weather conditions and are widely npu-o.'bed

' in their oocurrence. . The average flow with these years exoluded is 170 :
0efeBe, which is again gruter than the minimum flows of moTe than helf’
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Thousands of nests _ o

W)

100 150 . 200 250 . 300

Flow in cubic feef per second

Figlm 11, Number of salmon mests in Irinity River between

Lewiston and North Ferk, as related to a oonstant

change in availability of gravel at warious
river flows,
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- of -th_e years: involved. The median flow, the‘re_fcji:’-e{i\.s s8til]l less,
. Or very near 160 ocubic feet per second. ' : o

. Asmuming that the Trinity River salmon population is at its
 maximm density under present conditions, end assuning that spawning
'space is the determining factor, then, at a median spawning flow of
1560 oubic feet per second, 5,647 nests would be oceupied in the
'river between Lewiston dam site and North Fork esx determined by
_application of formule previously desoribeds . ]

EFFECTS@ WATER DEVELORMENT PILANS ON THE I‘RI]I'ITI RIVER FISHERY
' AND SUGGESTED MEANS FOR FISHERY FROTECTION 3

. Resident game fishes will be least affected by the dam build-
ing program on the Trinity River. Movements of these fish are limi ted
" t0 short migrations up the tributaries whers they spawn. This movement
will not be interfered with by dem comstrustion except in the cuse of
- the brown trout which appears to make extensive migrations. This
species, howsver, shows remarkable powers of adjusting itmelf to ochange
:‘ing conditions and should sadapt to any ressonable set of conditions :
- which may result fram dem construction. : ‘ ‘ :
rrﬂ“’ﬂ‘&é%

et

. Steelhead trout help to maintain the heavily fished resident
. rainbow trout population of the Trinity River. Proposed dams will
- block adult steelhead and will eliminate their GonstructionYbo the
- sports fishery above these structures. The reservolirs formed by the

dems will support resident trout to an unknown degree, and will tend

%o offset pertially the loss of the steelhsad fishery now existing
above the dam sites. Adult steelhead might be 1lifted over the dams

- 80 that their progeny could be added to the resident fish population,
However, this addition to the resident population would be temporary..

. Losses of seaward migrants in diversion structures would very likely .

' result in a net loasa through such & programs. _

. The effect of the dam construction progrsm on dace and sucker
-populations camnot be stated et this time, The abundance of these
apecies will undoubtedly be effected. Whether they incresse or de-

- crease. in numbers will be determined only after the structures are
~built. If they inorease or even maintain their present mumbers,
they might serve as an important source of food for the resident
trout population. |

Manegement plans for the emadromous species sre necessarily -
based on three salient features of the water develomment plans ;
(1) It is cortain that the dams would be too high for economical
‘or practioal construction of fish ladders over them;. (2) as much

5B



85 possible of the water developed by the proposed cons truction
progran would be diverted out of the Trinity River watershed; and
(3) the loocation of the structures is highly important. A dam at
the Lewiston site will cut off approximatély 50 percent of the river
used by king salmon for spawning end e greater percentage of the
portion used by steelhead trout. A dam at the Browns Creek site
would deprive these fish of nearly 82 percent of their spavning

' .grounds, | | )

Goneral Principles of Operation

There are several general principles of operation which are
considered essential in any of the mensgement methods suggested.
These principles have been established from experience with other
projects and are incorporated herein to avoid many of the troubles
encountered elsewhere. ‘ . ‘
S 1. The selected management procedure must be incorporated into
plens pf-tho water development program before any construction work is
underteken. ‘
: 2+ 'All fish should be allowed to pass upriver until the summer:
before the dams first aot as berriers. By this time facilities for the
conduct; of any maintenance program adopted should be installed and operable.
o + Possible sources of streem pellution resulting from comstruction
or 1ts processes must be eliminsted. S
4+ Roleases at the dams should be made from the lowest possible
- level 80 that a minimum number of resident fish in the reservoirs will
be drewn through turbines or turned into diversions. Releases at low
levels in the dem will insure a supply of gold water to the streem
below, . .

Maintenance Plans for Lewiston Dam

Three methods of maintaining the selmon blocked by the Lewiston
Deam might be considered. First, additional spewning area might be
developed by increasing the river flow above normal during the -
spewning periods Second, suitable tributary streems might be developed
into spawning areas. Third, fish hatcheries could be constructed. A.
satisfactory management plan may be found in one or & combination of
these methods. : ‘ |

Development of Additionmsl Spawning Grbunds in the Main Stream

A plan for developing additiomal spawning arees by increasing the
river flow is believed to be the least expensive, easiest to operate
and least likely to prove unsatisfactory after it is placed into opera-
tion. 'The spawning bed surveys of 1945 showed conclusively that the
spawning capacity varied directly with the river flow, :
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This ‘l_jll‘BthOd;_ of ino.i-easing the apawning‘capac;i‘;ty:of the river
might be carried out in three general types of operation:

1. A.minimum flow sufficient to accommodate the maximum

ulation could be maintained throughout the year.--A minimum
flow would call for the least administration, supervision,
gonstruction, and maintenance of fish retaining and counting .
structures. This method would be least hezardous for spawning
fish, as it would guarantee adequate water at all times., The
minimm flow required would be 300 cubic feet per sesond. To
maintain such a flow, 217,200 acre-feet of water would be needed
and most of this water would be derived from storage. When
spewning, egg incubation and migration were not in progress, same
of this water would not be necessary and its flow downstream might
‘be construed as wastage. This plan has the greatest biological possi=
bilities, but due to its relatively large water demend, it will probably
‘be the least desirable to the constructing agenocy. _

2, A fixed flow schedule could be established to acconmodate .
the salmon 1ife history and what is presumed t0 be the maximum s awnin,
migration.=—A fixed flow schedule would prescribe water releases through-
out the year designed to accommodate the life history phenomena of -the
salmon as kmown at the present time (Figure -12) e This schedule would
not vary from year to year, but would remain the same regardless of .
‘the numbers of spewning salmon, It would require & minimum of admin-
istration and construction. Some maintenance and operation of fish
‘retaining and counting structures would be necessary. ‘

; A fixed spawning flow of 300 cubic feet per second during November
would make available the estimated 9,897 ‘salmon nesting sltes between
Lewiston dam site and North Fork (Table 19). . Approximately 5,600 of
‘these nesting areas are normally oocupied, and the additional 4,300

' spawning areas avajlable could accommodate 11,200 spawning salmon,
using the established sex ratio of 1 female to 1.63 males. Adequate
‘spewning area for the greatest number of salmon actually counted at
Lewiston during 1944 end 1945 would result from this flow. However,
observations in the fall of 1946 when no count was made, definitely -
indioats that a greater population of spawning salmon was present and
may have been crowdsd under the conditions of ‘this plan. The smount
‘of orowding on spewning beds which can occur without reducing repro-
‘ductive efficiency has not been determined, but ‘certainly some gould

‘0coure Furthermore, it is almost certain that the spawning capacities
fixed by survey are conservative. ' ; ‘

Populations of spaming salmon are known to vary in number over
very wide limits. Studies in California‘s Central Valley and elsewhere
Jemonstrate variations between years and between cycles which exceed
‘500 peroente. The provision of a elight margin is available nesting

58




Cubic fe e:‘.p e'f second

30& Recommended | f-'/p‘w:.:sc‘bedule A
200-
/004
0.1‘ i 1 L [] ) : T I 1 1 ] ¥ ‘.I
. i B
Spawning above North Fork
” .
g ]  § ¥ [ § L] | 1 1 L| 1
'é‘ c
s Emergence of fry from gravel
X ° .
-]
¢
' U .
[
8 T Y T T T I. T T T T 1 ,
v D .
. § Seaward migration -'
W
D :
e
G
¢
- ‘ _
u ‘ S o o
': T ¥ T T T ; ‘ l R 3 T - - ¥
o ' ‘ 1 o E
g Upstream spawning migration
s
-§
.
A
-
3
@
p—

T L] T T T I | : T T T T
Jan. Feb. Mar Apr May Jun. Jul. Aug. Sep. Oct Nov Dec.
Figure 12, Recamended fixed flow schedule for Trinity River at Lewiston
‘ and its relation to the life history phenomena. of king salmon
"in that stream. i - 59




o TABIE NO. 19 -
FIXED SPAWNING FLOW SCHEDULE AS MEASURED AT LEWISTOh GAGE

‘ c.f.s, Acre-feet Number . Acre-feet
Month at Lewiston per day of da.ys per month

January 200 396.7 3L 12,298
Fobruary 200 396.7 - 28 ' 11,108
March 200 396.7 31 12,298
dprii 150 297.5 30 8,926
Moy ‘ 150 297.5 | 3L 9,223
June - 150 297.5 30 8,926
Jaly 100 198.3 31 6,149
August 100 138.3 31 6,149
September 100 198.3 30 5+351
October 1-15 100 198.3 15 2,975

| 16~31 = 200 396.7 16 6,347
Novenber 300 995.0 30 - 17,852
December = 200 396.7T 3 12,298

- L __ Totad 120,500

- TABLE 0. 20

AVERAGE MONTHLY FLOWS IN TRINITY RIVER
'OCTOBER 1931 TO SEPTEMEER 1939

- E urnt Fanch *ﬁoopa
~ Lewiston T Less - o Loss

quth f‘regex_;t ‘?r:o osed® Present

Oct.  181.8 . 151.6 301.0 119.2 270.8 ' 532.8  351.0 502.6
Nov. 74,3 . 300.0 1256.9 526  g42.6 2526 L 1812.1 @ 21121
Dec.  897.6 = 200.0  1658,6 761.0 ‘51.10‘ Lolo.6 3113.0 ' 3313.0
Jan. = '980.1 200,00  2267.6 1267.5 14875  6227.3 G&247.2 k7.2
Feb, 1463.1 200,00  2929,7 1466.6 1666 6 T7325.9 5862.8  £062.8
Mar, 15.0 - 200.0 4762.06 2247.0  2Uh47.0 10980.0 BuE5.0  8655.0
&pr. 34725 | 150.0 - 5567.8 . 2095.3  2245.3 10364.8 68923 7042, 3
¥ay 35544 . 1500 5137.% 1583.0  1733.0  7970.3 M4i5.9  b885.9
June 1868.5 . 150,0 2825.6  957.1  1107.1  398,5 2330.0 2ig).0
July 4383  100.0 ' 777.0 338.7 438,7° 1275.84  837.1 937.1
Avg, 1421 . 100.0 246.0 103.9 203.9 hga. 320, 2.4
Sept. 108.5  100,0 °  158.6 60.1 160.1 . 330 221.9 321.9
“Probatle releases at Lewiston for fish needs,
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areas Over the number necessary to aoccommodate salmon counted at
Lewiston in 1944 is not adequate. It will not cover the probable

maximum number of salmon which will return to the Trinity River

in some yearse A fixed release schedule for salmon, has the added

disadvantage of rigidity. It cammot be quickly or effectively
changed when greater or lesser emounts of water and. speawning

~ grounds are needed for the proper safeguarding of spawning stock.

A fixed flow schedule such as the one proposed in Figure 12

- requires a release of 120,500 acre-feet of water as measured at the
. lewiston Bridge. The peak flow of 300 cubic feet per second would be
- mainteined only during the period of heaviest spawning. After spawning
" is completed, the flow could be reduced to 200 ‘cubloc feet per second,
. Such a flow will cover all gravel in which eggs have been deposited.
' This flow should be maintained until the end of March when all but a
" very few of 'the young salmon have left their nests. Ths river flow
; ehould be not leas than 150 cubic feet per second during April, May,
- and June, to adequately provide for steslhead spawning and hatchinge
' The flow should not be less than 100 cubic feet per second from July
"1 to October 15. The summer flow scheduls (April through October 15)
- should insure the seaward migration of young salmon during April, May,
- and June, and the upstresm adult migration from the emd of June until
- the flow is inoreased to 200 ocubic feet per second during the last 16

days of October to provide for the spring and summer runs that normally

- rbart spa.uning at that time.

The aeffact of this flow schedule on averago river discharges. below

lewiston is shown in Figure 13 and Table 20. The comparison presumes
 total diversion or storage of all other flow at Lewizton, The main.

. river flows during summer are relatively unaffectad, Flows during

- the steelhead spawning season are oonsiderably reduced between Lewiston
_and Burnt Ranch and may make the river bed more suitable for the spawning

- of this species, .

Filh-tight counting structures should be built near the Union H1l

' Pipe Crossing two miles below the Lowden dam site, and at a site to be
. selected between Douglas City and the mouth of Brom .Creek. These
‘'barriers would divide the spawning grounds into' three areas of nearly
' .lequal capacity and prevent a congestion of spawning fish in any one
- &rea, A trap and sturdier fish barrier should be installed at or near
~the present Lewlston weir to be used if it becomes necesaary to transfer
fish, The Lewiston barrier should be maintained as a means of preventing

undesirable concentrations of fish immediately below: the proposed Lewliston

- dem where practiocally no spawning grounds exist, It may be desirable,
-after further study, to locate the Lewiston barrier above the mouth of
- 'Deadwood Creek to allow use of thiz small stream by steelhes.d trout.
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® ‘ . Pish barriers should consist of concrete dems 10 to 15 feet
: " high, with long, shallow aprons. They should be equipped with high

-stendard fish ladders adapted for ease in counting the fish pessing
over them. The ladders should also be fitted with effective closing

 devices. The barriers should be strong emough to withstend floods
which might be anticipated following construction of the dems and should
be loceted where spewning areas are restricted and where a minimum of
gravel will be inundated by their forebays.

3. The flow could be regulated %o produce. only the amount of

' spawning, ares needed each year, depending on the number of migrants.-—
Reguletion of the flow to approximate the needs of migratory fishes

on an annual basis would require reservolr operation similer to that

‘in type 2, but with varieble spawning flows. Regulation of the spawnling

flow each year to meet needs of the particular salmon population would
 be more expensive to operate than other plans. It would oall for the
. gonstruction of an additionel fish block and counting structure neer

the North Fork of Trinity River that would of necessity be sufficiently

massive to withstand any floods that might ocoure : -

The plan for each year would be based on counts by resident
biologists of migrating salmon and steslhead made as they passed
North Fork, which is presumably far enough downstresm to allow flow
schedule determination prior to the actusl need. This system could
be hagardous for the salmon, as their migretion past North Fork may
not be completed before the peak spewning period starts below Lewistom.
Lake segments of the runs may not find sufficient gravel for their needs.
Flow changes should be made at weekly intervals starting October 15, and =~
the revisions should be determined by the cumulative counts obtained at
the counting station neer North Fork. The flow would be inoreased in
accordance with the need for additional nesting capacity between Lewiston -
dem and North Fork as determined from Table 21, ' This plan would utilize
both water flow and spswning areas most effectively. ' -

: Probeble water requirements for this plan, had it been in operation
~during 1944 and 1945, are given in Table 22, . The peek spawning period
would have required a release of 280 cubiec feet per second in 1944, and
250 in 1945, These flows are oonservative &s they only provide additional
spewning aree for the number of salmon actually counted at Lewiaton, and
do not provide for salmon pessing lLewiston before and after the counting
periode The spewning flows given in Table 22 were determined by adding
the mmber of nests needed for counted fish to the mumber of nests
normally ocoupied in the spawning area (5,647)e The spawning population
’ pessing Lewlston required 3,774 nests in 1944, and 2,856 in 1945. The
| ' flow producing the total number of nests was chosen to the nearest 10
cubic feet per second from Teble 21. 1
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| TABIE NO. 21 SR
KING SALMON SPAWNING NESTS, TRINI'"Y vam

Iaewiston Dem Site Tewiston Dam Site .  Orass Valley Creek
: to North Fork to Grass Valley Creck to North Fork

Flow Nests/c.f.s, Number Wests/c,f,s. Number  Neats/c.f.s. Number
c. f.8, per Mile of Nests per Mile of Hests '  per Mile of Neats

F o E ¥ B N . ¥
50 1,1014 2,038 _HE66 - 32 161 1,72k
60 - 1.0930 2,k26 . 860k 387  1.1522 2,039
70 - 1,0846 - 2,809 .ssus W9 1.1b32 2.361
80 1.0762 3,186 .g482 - 507 1.,1342 2,677
90 .. 1.0679 3,556 &2 568 - 1.,1252 2,987
w0 (m) - 1 0595 {%1) 0920 ,8360 (&) 627  1.1163 (El) 3,293
1o 1 278 .8299 685 1.1073 3,593
120 26 h,629  .8238 T 1,098 3,868
130 | 1.03h3 - 4,97 +8176 - 797 1,08 k118
- 140 1,0259 5,31 L8116 852 . 1,0804 JH62
150 1.0175 5.6h 8054 906  '1,07:k4 L7
160 1.0091 - . 5,974  ,7993 959  1,0624 . 5,015
170 1,0007. 6,294  ,7932 1,011 1, ggus - . 5,283
180 _ .9923 . . 6,609  .7871 - 1,063 5,546
%0 .9839 6,917  .7810 1,113 ‘1 0355 5,804
200 .9755 7,219 7749 1,162 '1,0266 6,057
210 - - 9671 7,514 7687 1,21 - 11,0076 6,304
. 220 9588 7,805  .7627 1,258 1.0086 6,546
- 230 _ .93313 . 8,088 71566 1,305 .9996 6,782
2% &k €365 750k 1,31 .9%7 . 7,00k
250 - .9336 8,636 « TH43 1,396  .9817 7.240
20 .9252 8,900 .7382 1, 39 LJ97e 7,461
20 - +9L68 9459  .732L 1,43 o 6 . T.617
2o, .‘9081* 9,411 . 7260 " -‘5"5 .9 o -7.887
e 3000(Fp) -8916 {ma) 9,897  .7138 (Ep) 1 + 606 .9368 (Ea> s »291
. e 20,130 L7077 | sg 9279 8,426
! 320 - - '-87 8’ 10,358  .7016 1,684 . .9189 8,674
ggg . .B6GH 10,579 . L6954 1,721 ,9099 8,858
T . %81 - 10,795 .6893 1,758  .9009 9,036
350 . 0 - 10,943  .6832 1, 133 8920 9,210

B or E2 = N.__r_."‘ v Em= Efﬁcioncy Rating

- - E} = Efficiency Rating et low flow,
B~z - (51 - E5\ [F - F) Ep = Efficiency Rating at high flow.
o ' Number of intervals between E; & Eo.

Size of interval in e.f.s,
Flow

Flow at B3 in e.f.s.
Kamber of nests.
Miles of river,

N-EXFXK

nh » ann

zz._!;-lh;u-u
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. TABLE RO. 22
.PROBABLE WATER MQIJIBEMEI‘!TS FOR A CQI\-TROLLED SPAWNING FLOW

" Month'

1gul

19&5

Flow at Lewiston

Flow at Lewiston

Probable Maximm
Flow at Lewiston

C.P.5, AP, C.F.S. AT, C.F.S. __AF
January 187 11,498 167 10,264 ‘a3 13,9711
February 187 10,386 167 9,275 213 11,830
March: 187 11,498 167 . 10,264 213 13,971
April 150 8,926 150 8,926 150 8,926
May 150 -~ 9,223 150 9,223 150 9,223
June 150 8,926 150 = 8,926 150 8,926
CJaly 100 6,19 100 6,149 100 6,149
August 100 6,149 100 6,149 100 6,149
‘September 100 5,951 100 5,951 100 5,951
~ October 1-15 = 100 2,975 100 2,975 100 2,975
' o 16-31 187 5,935 167 »300 23 6,760
Noverber - 280 - 16,661 250 14,876 320 19,042
December 187 11,498 167 10,264 a3 13,971
Totals . = 115,775 108,542 ' 127, 44
TABLE NO, 23
| - ESTIMATED RUN-OFF .
on Pom:cmr OF TRINITY RIVER DRAINAGE
FOR SATMON FISHERY STUDIES
 4verage inflow Lewiston dam eite
%o Lowden dam eite 1917 to 1940,
inclugive
Month Acre Feot C.F.5, . .
January 3430 56
February 5,870 106 -
March 7,500 122 -
April 10,020 . 168 . ¢
May 10,120 165
June 4,750 | 80
July 1,220 - 20
August 430 T
September 370 6
October 620 . 10
November 2.&60 B ho
December 20 56

U. S. Bureau of Reclamation data.
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'l‘he estimated 1946 requiremant of 128, 000 acre-feat of water

for this plan (Table 22) is the emount needed for 16,000 salmon which
. are believed to have psssed Lewlston in 1946, ‘The . 1946 estimate was
. established from observations of concentration on spawning beds during

that year oompared with observed concentrations 1n 1944 and 1945 when

- -actual aounts were ma.do.

Becauae of the unreliability in flow of tributary streems i.umediately

"below Lew-lnton, required stream flows should be measured at Lewiston dam,
" As éhown in Table 23, there is very little water entaring the river be-

tween Lmaton and Lowden during the salmon nesting season (October-

 December)e ‘This early fall inflow is supplied almost entirely by
- ‘periodic rains, and in dry yeers it would be negligiblo in its effect
- on salmon spawning conditions. It is, therefore, necessary to request

a quentity of reservolr water for fi.shery management equal to the amounts

" required by the plans discussed herein, to be certain of producing proper
- - spawning oonditions each year, ‘

The studies that preceded the formulation of these management plans

.. were made during a period when no mining ailt was introduoed into the
' river in the major aress involved. These plans, if ‘they are to be

.. subcessful, oan be placed in operation only under aimilar conditions,
" If a heavy load of mining silt were allowed. to enter these crowded

spewning areas, the fishery might be seriously threa.tened. Regulated

 flows are far below those normally encountered following salmon spawne

. ing under natural conditions; thus silt could settle ‘out rapidly, impect
the gravel, and suffocate eggs and young fish, Therefore, stringent

- . measures must be taken 80 that no mining silt will be introduced into

| the river during the salmon and steelhead spawning a.nd ‘hatohing periods
.+ (October 1 through July 15).

]:nprmment of tri.bu'ba.ry stream :

Four s treams tributary to the Trinity River below the Lewlston
dam site might be developed for salmon and steelhead spawning. These

‘are Rush Creek, Browns Creek, the South Fork of the Trinity River, and
'Hay Fork, & tributary to South Forke Rush Creek ‘and Browns Creek are
- aveilable for salmon spawning only after rains 1ncrease their flows,
and the South Fork has spring and fall migrations of salmon each yoar.
.No. salmon 8 pawn in upper Hay Forlc.

Esoh of theae streems has besn studies to dei;ermine the extent

to . which it might be developed for salmon spawning. Information obtained
is not complete, but encugh data have been gathered to show relative
. possibilities. It has not been possible to make spawning bed surveys

of these streams during optimum flow conditions. Surveys have been con-
jduotod however, to detemine ‘the general stream types, and nest counts
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have been made on Ruoh Creelc and Parte of‘ the South Fork at lower than

. optimum flows. With this information,. ‘the approximate nesting capacities

of the tributaries ‘at their optimum flows have been estimated. Using
the nests per cubic foot per second per mile factors, established for
portions of the Trinity River at the 100 cubic feet psr second flow,

nesting capacities were camputed for comparable portions of the tribu-

~ taries at their optimum flows (Table 24). Normal spawning flows for

these streams were set up by evaluating etatementa made by people living
along the streams and conparing this in.f‘ormatlon with the few flow

‘records that are available,.

Improwment of these streams could probebly make an additione.l
3,565 nests available for 9,376 spawning salmon.  In order to make these
nests avallable, additional water development on each stream is necessary.
Rather large storage dams should be built in the upper portions of each

“streem drainage to provide a comstant end ndequate minimum flow during

the entire yeare. Greater flows would be necessary when upe.wning ocours.
It would be desirable to remove several obstructions which are barriers
to fish migration during low water periods. Natural barriers obstruct
fish movements into Hay Fork Valley. Artifical deams and diversionms
block from access miles of spewning aree in Browns and Rush Creeks when
water flm are low.

Tlo methods of developing salmon runs in these streams af ter

_improvement, are possible: (1) Salmon could be trapped at Lewiston or
‘at other locations above the mouth of South Fork and hauled %o the

streams; (2) small runs now entering the streems or present in'the main
Trinity off their mouths could be left to take over the new spawning

~ areas and develop natural runs to offset losses of salmon blocked by

the Lewiston dam. ' Experience would dictate the latter course of aetion,
although it may be very slow and gradual in develoPilng. Tronsferring
adult salmon is a costly process, not only in money, but also in fishe
It is generally better to encourage a native seed stock to increase in

abyndance than to introduce a foreign race which may or may not adapt

to the new situation. This attitude is especially applicable to the

South Fork of Trinity River and its major tributary,. Hay Fork. Some

main stream salmon probably could be diverted into South Fork, Browns

- Creek and' Rush Creek by constructing barriers on the main Trinity

immediately above their respective mouths, but such construction would
be costly and might result in serious dlsruptlon of the normal habits
of the entire anadromous fish population. There are no means aveilable
whereby fish headed for the aree above Lewliston can be segregeted from
those using the river below that point. ‘

Perhaps the most zerious obstacle in any plan to transfer salmon
from one place to another in the Trinity River drainage is the almost
utter lack of good roads., Tank trucks sultable for hauling adult salmon
are very heavy and would operate in months when roads are wet and slipperye
It is doubtful that any transfer progrem oould be successful without msjor
road construction and bridge strengthening projeots preceding the actusl
truck operation.
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TABLE WO. 24
MINIMUM FLOWS REQUIRED-
FOR DEVZLOPLENT OF SPAWNING AREAS
IN TRIBUTARIES &

Tributary  Wov,-ipril April May June July-Sept. Oct. Locat ion
South Fork _ ‘
Trinity River: - ‘
- at Forest Glen 100 - 100 80 65 . 50 50 S13 715 R7E HEM
o - (Forest Glen)
at Hyampom = 200 100 100 100 100 150 S26 T3N RGE HM
. ' - _ . (Byampom)
Bay Fork 100 1100 60 20 10 70 S2 T30N RI1W MM
- | L ‘ (Bast Fork)
Browns Croek ~ 65 Lo 30 20 10 . 50 519 TLN R9W MM
f : : {East. Fork)
- Bush Creek U5 35 25 15 5 40 523 T34N Ro¥W MDM

(Below China Gulch)

 SALMON SPAWNING CAPACITIES OF TRIBUTARIES

P 'er ' Number of Nests Pogsible Increase
T__ri’butaz‘y "Present Increaged' Present - Increased " Nests  Salmon
Stj:uth Fork j?1oo cfs 200 cfs  1,l18 O oel32 : 1,004 2,667
Bay Fork - 100 | 0 1,300 1,300 '3.}#19
Boms Orosk 2 6 30°C L0 om0 2
macer 35 B = e m

3,565 9.376
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Tranafer of 'I‘rinity River ua]mon from the main stresm to
improved tributaries would not save any significant quantities of
water for the project. Mimimum flows ranging between 100 and 200
cubic feet per second would have to be released from the Lewiston
dam to satisfy water users, to maintsin the resident fish population
in the river below, and to provide adequate spawning grounds for the
salmon and steelhead populations which use the mainstream below
Lewiston.

Artificial propagation

A third method of accommodating the salmon normally passing

ebove ‘the Lewiston dam site to spawn is artifical propagation. As
yet, hatcheries have not proved themselves capable of meintaining

large runs of king salmon. Therefore, this method cannot be recommended
for the Trinity River at this time.

Ldequa.te sources of water suited to hatochery operation are very

 scarce in the Trinity drainage below Lewiston. Many stream flows are

cold enough, but they are insufficient in volume %o supply a hatchery
large enough to acoommodate present runs of fishe. Plenty of water of
fair quality could be obtained from the reservoirs to be built. How-
ever, such an arrangement would require that a hatchery be located
nesar the Lewiston dam site. The hatchery would need a.pproximately 50
oubic feet per second of water for operations. In addition, sufficlent
water would have to be released to the river to bring salmon end
steelhead to the hatchery. Quantities of water involved in this
latter operation would exceed 100 cubic feet per second. Very little
water would be saved to the project through artificial propagations -

Méintena.noe Planeg for Browns {reek Dam

The construction of a dem a% the Browns Creek site would cut
off approximately 82 percent of the part of Trinity River used by
salmon for spawning. Optimum development below Browns Creek gould
produce only 1,800 additional nests in tha main river. Developnent
of the South Fork and Hay Fork, which are the only suitable spawning
tributaries below this dam site, would produoe 2,300 ‘additional salmon

. nests. Together, these additioml nests in the river and tributeries

would provide for only 10,700 of & possible 21,000 1/salmon that would
normally spawn above the’ dam. The only method known. that would take oare .
of the remaining salmon that could neither spawn in the river nor in the
tributaries would be to construct a 30-million egg hatchery utilizing
water from the reservoir. Such a plan could not be recommended because

of tha very questionable outocome,

1/—- Determined by estimating the natural salmon pOpulation betweon Browns
Creek and Lewiston, using the number of nests at the normal spawning
flow (150 c.f.s.) in that aree, and adding the maximum number of

‘uahnon counfed at Lewiston. | Bmmqutt,&_ }i'.»-c. ‘"'&/ _ 9-[ CGCC
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‘ Sﬁeeihead Ma:l.ntenanodi

Maintenance of the steelhead trout population would not
prosent the serious problems inherent in the perpetuation of salmon.
if a dam is constructed at the Lewiston site. . These fish are believed
to spawn voluntarily in the lowsr reaches of the river during low |

water years and theilr nests are made during the spring run-off period,
. Much steelhesd spawning takes place in tributaries in the main river
~ below Lewiston which are all carrying ample water to produce ade qua te
. . .available gravel during the steelhead spawning period.

Té aooc;mniOdate steelhead spawning in the river, a flow of 150 g.f.c.

. would be required during the steelhead spawning periode This flow is
" ineluded in all flow sohedules for salmon spawning that are suggested in
- this reporte The inflow from tributaries in the upper portion of the
' spawning area below the Lewiston dem. (Table 23) will make addi tional
... spawning area available in the main river for steelhead blocked by the
- dame Tributary inflow peaks during the steelhead spewning season and
_should be fairly reliable. from year to year. These tributaries are, at

present, under-populated with spawning steelhead, If mining silt ean be

I

' excluded from tributaries during the spamning and incubation period .

(February 15 through June 15), they would be better suited to sccommodate

part of the steslhead held back by the Lewiston dem.  Major steelhead
‘spawning tributaries below Lewiston dam site are Rush Creek, Grass Valley

Creek, Indien (Creek, Redding Creek, Browns Creek, Canyon Creek, and the

.North Fork of the Trinmity, including its East Fork.

Browns Creek dam would present s. me joF problem in oonnection

. ~with steelhead spawning.  Only two of the major spawning tributaries
‘are below this dam, thus an unknown number of these fish would have ‘to
" be diverted into the South Fork, or removed inso o hatohery, or both,.

streams and hatchery facilitiee would have to be developed to e maximum

‘for the salmon alone, and a project inoluding stpfelhé@dj salvage would

involve operations of unprecedented Proportions,

70




|

LITERATURE CITED
HEVEFS, GORDON W.
1942, Economic and geographical relations of aboriginal fi-shin§*

in northern California.  Calif. Fich and Game, Voles 28,
No. 2. PP 103-110. ‘ ) .

JHINGRAN, VISHKA G.

1948+ A contribution to the biology of the Klamath Black Dace,

: Rhinichthys osculus klamathensis (Evermann and Meek) .
Doctorate thesis unpublished, Stanford University Library,
Stanford, Californie.

MOFFETY, JAMES W.

1945, The first four years of king salmon maintenance below
Shaste Dam, Saoramento River, California, Calif,.
Fish and Game, Vol. 35, KNo. 2, ppe 77-102,

' SNYDER, JOEN O,

1924. Indien methods of fishing on Trinity River and scme notes

on the salmon of that stream. (alife Fish and Game, T

Vol. 10, No. 4, pp. 163-172. ‘ e

1931. Salmon of the Klamath River, california._______‘ca]_w‘i'{f.hf:
., Fish and Game, Fish Bulletin, No. 34,-129 pp.

Dive of

7 | 73043




