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INTRODUCTION
//
Demands for additional water supplies for irrigation and pro=-
duotion of hydrooleoctric power in the Central Velley and adjacent areas
in California, focused attention on the upper Trinity River drainage as
a possible source of supply. Plans to divert Trinity River water into
Seacremento Valley from that area were formulated and published in 1931
as a part of the Californie State Water Plan., These plans were further
studied and refined by the U. S. Bureau of Reclamation end U. S. Army
Corps of Engineers end by 1941, their realization seemsd certain. It
wes also apparent thet diversion of Trinity River water would seriously
affeot the fishery resources thet are dependent upon the upper river,
particularly king salmon and steelhead trout. In order to determine
the magnituds and biologloal characteristics of these resources and to
design management plans and procedures for their protection, the U. Se
Fieh and viildlife Service conducted a oomprcheonsive survey and study of
the entire probleme. Major features of the study involved determination
of: (1) the size and composgition of fish population, (2) the character-
istics of the seaward migration of young salmon and steelhead trout,
(3) the extent and utilization of spawning gravels, (4) the physical
characteristics of the drainage, (5) existing biological conditions, and
(6) possible means of controlling the fishery and its envirommental factorse

Work wes first started in the fall of 1942 when a temporary fish
counting weir was constructed on the Trinity River a few hundred yards
below the river bridge at Lewiston (see map) and approximately 105 miles
upstreem from the river's mouth. Studies of some of the biological and
physical conditions of the streem 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 a result, it is impossible to meke positive and final conclusionse.
This report, therefore, is an interim report with most findings and con-
clusions subject to possible revision pending further investigational
findingse.

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



The Trinity and its parent streem, the Klemath, have been fish=~
ing grounds for Indian tribes for ages. Well established trade routes
from the interior to the see passed through or termineted in the Klamath
and Trinity country where & lively scomerce in shells and dried fish
existed., Thousands of king salmon, sllver salmon, end steelhead trout
were ceught by the Indiaps living in Klemath and Hoopa territory (Hewes,
1942)s These Indians were highly skilled in fishing. Thoy constructed
fish weirs of loge, poles, and brush scross the rivers end speared or
netted the upstream migrant salmon, trout, and oven lmmpreys. These weirs
remained in the streems as virtually impassable barriers until the first
reins of sutwnn replenished river flow sufficiently to wash them away.
Year after year the welrs were installed eaccording to strict ritual and
procedures (Snyder, 1524). In modern tiwmes, most of the fish weirs havo
disappsared. Ons is usually built esch summer et Hoope on the lower
Trinity River and below it ths Indians seine, spear, or operate gill nets.
Salmon end steelhead ere dried, smoked, canmed in the Reservation cennery,
or used freshe The Indians practice conservation of a sort; part of the
migrating salmon are allowed to pass tho weir through gates instaelled for
that purposees

Trinity River has long been famous as a gold~bearing &tream,
In early times, some rather large ccmmunities occupled its banks and .-
most of the presently existing towns are remmants of these settlements
which degenerated follouwing exhaustion of the major placer and hard-rock
gold deposits, Extensive gravel deposits above North Fork have been
dredged for golds Great spoll piles of barren gravel constitute the
immediate stream bank for mile upon monotonous mile. The originel
character of the stresm and its adjacent flats has besn seriously altersd.
Some isolated dredge operations still go on in the drainage and, at times,
the stream beurs great quantities of £ilt in much the seme menner as it
did for 76 years or more following the discovery of golde.

A vigorous commercial fishery on Klamath River began shortly
after gold-mining starteds The eerly fishing efforts were for loosl
supplies and usually concentrated on the riffles of the river and its
tributaries, Canneries begen opsrating on the Klemath estuary prior to
1892 and reached a high state of development by 1912 (Snyder, 1931).
Over-fishing and possibly mining soon mede noticeable changes in thse
sbundence of king salmon. Early records given by Snyder indicate a
historical peak in the Klemeth River oommercial fichery ocourred in
1912 when over 1, 384,000 pounds of fish were packed from a catoch of
approximately 141,000 salmon. Records for that year are incomplete
and conrist of estimates applied to portione of unreported packse The
1915 pack is recorded more completely; sbout 1,232,228 pounds of salmon
were packed from & catch approximating 72,357 king salmon.

Essential features of the Trinity development plan oonsist of
an earth-fill storage dam about 352 feet high, built in the vicinity
of Fairview Ouartz Mill (see map); e diversion dem about 110 feet high
located just above the town of Lewiston, Californie; and a series of
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tunneis, power plants, and canals leading from the diversion dam to the
Sacranonto River ahove Keswick Dome A second plan con®enplates con-
struction of a storsge dam near Browns Creeck, some 6 miles below Douglas
Cityes Water from this reservolir would be pumpsd to the diversion tunnel
atove Lewistone The point of diversion from the Trinity River at Lewiston
is about 1300 feet above the Sacramento Rivere

Dams &t the Felrview and Browns Creek sitoes would be high barriers
insurmountable by present type of fish ladders. Reservoirs formed by
thesa dams would be wvery long, extensive, and would cover much of the
exlstiny spawning grounds of anadromous flshes. These fishes might be
lifted mechanically over the dams, but it is doubtful that their offspring
would pass through the reservoirs, find the river outlets, and proceed
downatrzam without suffering material losses. Most of the water would
flox in%to the diversion tunnel end with 1t the majority of the young
salmon and trout produced upstream.

Alrost wlthout exception, Trinity River salmon migrating above
_the South Fork spawvn in the 72 miles of river between the North Fork
and Ramshorn Creeke. In addition to the mein river, three tributarises
are used by spawning salmon, A dem at the lswiston site would cut off
35 miles of the main river and all of Stuart Fork, the most important
spawning tributary. The salmon would be blocked from approximately
S50_pereent of their natural spawning grounds in the upper Trinity. A
dem at the Browns Creek site would cut off the remaining two spawning
tributaries and 59 miles of the main river spawning erea. This dam
would eliminate some 82 percont of the natural salmon spawning area.

Appreciation is expressed for the help given by the State of
Celifornie 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 Needham, who dirccted the project until the end of 1944, Harry A.
Hanson, George Warner, Owen Vivian, William He. Davenport, Millard
Coots, Donald Drake, Se. N. McKinsey, Norman Mattoon and many residents
of Lewlston who asgisted wlith work on the projecte Much of the infore
mation included has been generocusly supplied by the Us S. Bureau of
Reclemation, U. S+ Engineers, Ue S« Forest Service, and the U. S.
Geological Surveye, The Indian Agency at Hoopa, on the lower Trinity
River, also cooperateds

This investigation was supported by funds trensferred to the Fish
and Wildlife Service by the Buroeau of Reclamation., It was considered
a vital part of the pre-project engineering and exploratory work cone
ducted by the Bureau of Reclemation. The study was terminated in
August 1946, when ths Bureau of Reclamation ceased active work on the
Trinity River diversion project.
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PHYSICAL CHARACTERISTICS OF TRINITY RIVER

Trinity River is epproximately 159 miles long and drains a semle
wilderness area of approximately 2,900 square milese It is divided
into five more or less distinet sections which have a direct bearing on
the utilization of the ctream by spawning and juvenile anadromous fizhes.
The uppermost 18 miles of the river from its source to Ramshorn Creek
are procipitous (gradient 222 ft./mile), the chennel is narrow, grevel
riffles are very linited, and the bottom is covered with large boulderse
The 12 miles of river betwsen Ramshorn Creek and Trinity Center traverse
& broad valley into which many small tributary streams enter. The strean
has a gradient of 58 feet pser mile and meanders through wooded and pasture
lands wherever gold dredges have left the original terraine Its channel
is broad end gravelly with large extensive riffles alternating with deep
poolse From Trinity Center to North Fork, the gradient is less se-eore
(15 fto/%ile), water volumes are greater, and very extensive riffles
charecterize the channael. Most of the spawning grounds of salmon are
located in this 60-mile section of stream. Between 1ts North and South
Forks the river passes through a rocky canyon 40 miles in lengths Water
flows are concentrated and made turbulent and exceedingly rapid by the
nerrow oonfines which typify this cunyon, Gradients ere more severe
(23 fttﬁmile) end volumes of flow, in relation to channel capacity, are
relatively greate The Trinity between South Ferk and its oconfluence with
Kalmath River meanders (gradient 12 ft./mile) the length of beautiful
Hoopa Vellsy (29 mileg) end is characterized by broad gravel riffles
alternating with lerge, deep pools,.

Run=off and Flow

The run-off characteristios of Trinity River aro quite similer
to those encountered in most California streamss The great bulk of the
annual run-off occurs in winter, while swmer flows are guite low (Figure
2 Table 1)e At Lewiston gaging station the extremes of flow between winter
end surmer are represented by & high flow of 40, 300 second-feet recorded
on February 28, 1940, end a low flow of 23 second-feet recorded on July 30,
1924 (U. Se Geologicel Survey data)e The average ennual run-off is
1,106, 454 acre-feet as measured at Lewiston, and 3,811,520 acre-feet at
Hoopa, about 10 miles above the mouthe.

The run-off pattern of Trinity River at Lewiston varies widely from
year to year, although the seasonal wet-dry cycles occur during corre-
sponding periods each year, The volume of annual run-off from the
drainage above lewiston had & range of approximately 250,000 to 2,500,000
acre-feet, with a mean of 1,106,454 acre-feet, during the years 1912
through 1946,
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TABLE NO, 1
AVERAGE DAILY FLOW IN CUBIC FEET PER SECOND

TRINITY RIVER AT LEWISTON WATER YEARS 19281942

Day Jene Febs Mar. Apr. ¥ay June July Auge Sept. Octe Rove Dece
1 1,547 1,555 3,945 3, 435 3,863 2,608 1,017 248 132 137 376~ 609
2 "1,626 2,045 3,249 3,259 3,799 2,607 991 240 148 188 334 1,341
3 1,400 2,436 2,714 3,205 3,694 2,549 953 232 141 17¢ 343 1,347
4 1,437 2,779 2,526 3,539 3,583 2,592 823 223 135 17¢ 334 733
5 1,171 2,354 2,475 3,217 3,435 2,676 857 215 134 163 382 599
6 1,018 2,929 2,268 2,933 3,443 2,635 821 207 133 155 336 522
7 1,028 2,747 2,124 3,017 3, 447 2,600 730 201 128 150 310 489
8 1,088 2,592 2,154 3,071 3,575 2,425 T49 198 126 148 296 481
9 1,166 2,377 2,308 2,982 3,873 2,3%4 724 194 127 151 536 766

10 1,175 2,243 2,348 2,917 3, 905 2,303 633 139 128 145 5i0 2,174

il 1,450 2,263 2,271 2,393 4,046 2, 346 633 i85 127 142 506 2,693

12 1,191 2,005 2,803 3,032 4,283 2,296 805 182 128 144 38 1,698

13 1,259 1,842 2,770 3,529 4,342 2,201 578 177 131 144 374 1,343

14 1,659 1,720 2,427 3,805 4, 358 2,107 561 171 1% 163 476 2,250

15 1,940 1,526 2,305 3,953 4,128 2,38 £40 187 134 175 813 1,859

15 1,454 1,546 2,593 3,723 3,973 2,468 5.5 154 130 163 €55 2,383

17 1,281 1,524 2,431 3,428 3,718 1,981 499 151 27 156 863 1,407

18 1,181 1,492 2,529 3, 454 3,490 1,799 484 166 124 153 666 1,478

19 1,277 1,503 2,751 3,541 3,187 1,659 439 181 125 149 708 1,365

20 1,167 1,801 2,601 3,526 3, 344 .1,552 417 155 127 142 1,817 1,546

21 1,075 1,972 2,579 3,66 3,589 1, 497 403 151 128 150 944 1,485

22 1,207 2,008 2,589 3,631 3,854 1,47 €7 148 125 159 715 1,261

23 1,579 1,735 2,508 3,689 3.819 1,444 372 144 121 194 1,078 1,174

24 1,723 1,657 2,420 3,677 3,931 1,333 2347 141 119 1286 716 1,273

25 1,877 1,519 2,476 3,518 4,517 1,269 328 128 118 210 578 1,160

26 2,183 2,143 3, 391 3,412 3,804 1,194 310 137 120 207 578 1,127

27 2,167 3,132 3,801 3,422 3,383 1,154 295 135 125 219 505 1,237

28 1,671 4,779 3,767 3,555 3,158 1,125 287 134 124 204 531 1,C24

29 1,547 ———— 3,639 3,757 2,967 1,088 275 134 137 257 654 988

20 1,501 ee-ee 4,122 3,840 2,821 1,066 265 135 137 256 738 1,072

31 1,474 we-ew- 4,106 meee- 2,674 = eeee- 256 133 - 255 -~ 1,255

Moan 1,436.6 2,160.5 2,8092.1 3,425.0 3,679.0 1,957.1 5573 173s1 12G.2 1797 552.9 1,011
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Figure 2, Average monthly flow of Trinity River at Lewiston
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The general run~off pattern over the entire Trinity dreinage
varies somewhat from thst recorded at lLewlston. The spring run-off
peak at Burnt Rench occurs a month earlier than the peek at Lewiston
(Figure 3)o Inflow from many small tributeries which drain an ares
with 1lit{tle enow accunulation 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 dreinage, reachss a spring run~off pesk in
March, two months earlier than the peak at Lewiston.

River Temperetures

River temperatures at Lewiston weore recorded deily from November
1942 through July 1946 (Tables 2~5 and Figure 4). Temperatures were
taken with & hand thermometer three times each dey, at 8 ae.m., 12 noon,
and at 6 p.om., until Jsnuary 1945. Following that date, continuous
temperatures were recorded by s thermogreph. During most of the year,
the river reached its meximum tempersature at about 5 p.m., and its
minimun at 8 a.m.s consequentlyv, temperatures talken by hand thermometer
at these hours closely approximate the extremes. Average dally tem-
peratures after Jomnuary 1945 were computed from thermograph records
by teking the mesn of tempersture readings at two~hour intervals
during a 24~hour periode.

Trinity River is wermest during July and August when spring and
sumer salmon are holding over in the main river. The maximum water
temperatures and dates of occurrence for years of record are as follows:
78%F., 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 hipghest temperature with certainty, but a high of 80.5°F., wes
reached on July 22, 1946. The meximum temperature recorded for 1943
mey not be the true peak tempersture for that year, as it was taken from
pertial records mede during Aupust and September. A temperature of
809F., or higher was recorded on 9 days during the summer of 1944 and
27 days during the summer of 1945. As & result of experience gained at
Deer Creek Station on Sacramento River, California (Moffett, 1949),
80°F., 1s oconsidered lethal or near lethal for king salmon. The same
species is able to survive when surface temperstures are ahove 80°F,, in
Trinity River by remaining in the cooler waters of deep holes along the
rivere In August 1944, water at depths over 8 feet in one of these
lerge holes was 7°F., cooler than surfece waters

The daily tempereture range is of interest when considering the
effect of maximu as lethal agents. To illustrate this range in Trinity
River during summer, the hourly record for July 27, 1945, is presented:



12 !00 Midnigh‘b 7400 9:00 Lo Me 7105 5:00 Pe He 83.0

1:00 Ao M. 73s5 10:00 Ae Mo T35 6:00 P. Mo 82.5
2:00 Ao He T265 11:00 Ao Mo 750 7:00 Po Mo 8le5
3:00 A+ Mo 720 12 :00 Koon 7760 8:00 Ps M. 80,0
4:00 A+ Mo 71.5 1:00 P. We 75.0 9:00 P, Mo 79.0
5:00 Aes Mo 7100 Z:QO Pe Me 8l.0 10200 Pe Mo TT7e5
6:00 Ae. Ma T0.5 3:00 Po Mo 82 65 11:00 P. M. T6 5
7300 Ae Mo 7060 4:00 Po Mo 83.0 12 ;00 Mid=-

8:00 A. Me 70.6 night 76.0

During T hours of the day, water temperatures were ebove 80%F., while
during 11 hours, temperatures were below 75°F, Between 9 a.m. and

4 pem.,, the river tempersture rose 1ll.0 degrees, and between 6 p.m.
and midnight it fell 7.5 dogress.

On July 4, 1245, a recording thermometer was installed at
Junction City, some 28 miles dosn river from Lewlston, to determine the

warming effect of hot suwmer weather on the river between these two pointse.

The meximun, minimum, and average daily water temperstures recorded at
this station are given in Tables 6 and Te A maximum tempersture of
85°F . was recorded at that station on July 27, 1545, the seme day the
peak temperature of 83°F . was recorded at Lewiston. The hottest days
of the summer were July 26 and 27, when & maximum air temperature of
1080F,, was recorded at Lswiston on both days. The river temperaturs
reached or exceeded BO®F,, on 32 days in the summer months at Junction
Citys During July and August, maximum water temperetures at Junction
City were one or two degrees higher than Lewiston water temperatures
for the gorresponding day. Temperature records et Junction City during
1946 were too incomplete for analysise

EXISTIRG BIOLOGICAL CONDITIORS

Non=geme Fishes

The Klamath black dace, Rhinichtys osculus klamathensis (Evermann
and Meek), and the fine=scaled 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 cycle in the Trinity River.
Both of these species occur commonly throughout the dreinage.

The Klamath black dice is the most numerous end ubiquitous species
found in the Trinity River. It inhabits all streem sections except the
headwaters of some tributariess The d@ce is a small fish in the Trinity;
the largest individuals seldom exceed a fork-tall length of 3.1 inches
(80 millimeters)s During the sumxer low-water period, Klemath black dece
are seen in very large nunbers in pools along the river. They are almost

10







TABLE NO., 2

DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON

1 9 4 ¢ 1 9 4 3
Nov. Dec. Jan, Feb. Mar . Apr, May Auyr, Sept .
Day &am Spm 8am Hbpm Yam Spm 8am Apm 8am H5pm Sam Spm em Spm 8am Hpm  Zam Spm
1 Ly 1 M1 39 4o 42 43 b5 Ly lug 53 64 Th
2 53 53 L3 L4 W1 by Lo k2 43 L4 47 Lg kU9 mK2 (ST
3 53 53 L2 43 41 W1 Y2 43 UG 45 47 51 50 K2 e+ T4
4 53 s2 L1 41 W 41 42 42 W5 4§ Ug KL K0 B4 68 T3 65 T5
5 52 52 36 41 W1 L2 4z Lp 45 L7 LUy Ls ﬁg 52 68 T4+ 65 75
6 47 50 36 38 L1 41 Y2 Y2 45 45 4L L5 Uy K2 66 T4 65 T5
7 El 53 37 39 39 o 42 L3 L5 L5 L4z 45 Lg 52 66 TH 65
8 9 51 38 39 39 4o 43 41 by Ls 44 46 U9 K3 66 76 65
9 k49 50 39 W1 38 39 39 39 U5 L5 L5 MG U9 53 65 76 66
10 47 Lg W1 4o 38 39 Lo N1 45 Ly 47 kg 1 53 66 77 66
11 44 45 W1 42 37 3 L1 L1 45 LE 47 50 9 52 67 71 65
l2 44 43 41 4o 37 39 W1 41 Ly s 48 BL L9 B2 67 TT 65
13 45 L5 L1 Lg 38 3¢ U1 U2 U6 UG U8 w2 Ly KL 67 T8 65
b 47 48 41 43 37 38 Lo Lo 44 Ls 4 52 Lg K0 68 7T 65
15 47 4g W1 L2 37 38 Lo 1 k1 44 k4g 50 67 77 64
16 46 4y 41 42 37 37 WO B3 41 43 49 /) 65 75
17 4o W1 W 42 37 37 L2 L4 43 45 Ltg Rl 65 7
1 43 44 b3 W1 36 37 42 L L3 45 U 50 65 T
19 43 44 Lo L 37 37 43 U4 43 45 47 w0 6 T
20 43 44 W1 42 35 3y 42 L3 U2 Lbs  4f LE 64 T4
2l Wy 4y W Y1 3w 36 43 L3 he 44 LE by 65 72
22 4 L6 Lo 39 38 138 iﬁ 45 45 4g U7 U9 62 T3
S& 46 Lg g 37 37 38 45 it 4g L9 5O 65 T3
bW 46 Lo L1 39 39 43 44 4 L9 L4 Lg EH 73
25 46 Y5 hJ2o Yo 39 9 4o 43 L7 50 kg 31 64 7
26 45 U5 38 39 0 40 W u4 48 K50 L7 U9 R
27 4% 45 39 39 Y1 W1 Wy 45 us Lg g ug 64
26 45 46 39 Lo Yo Yo 42 43 45 LUg 45 ULg 64 7
29 4 uy 4o 39 Wi 45 46 50 e 7
30 47 4 Yo 39 39 Lo 42 4g L9 62
31 o 4o 39 39 b3 U7 63 T4
Av. L46.6 40.0 38.5 41,2 TS 46.7 49,2 5.2 64,9
7.1 hi,2 38.9 42,6 45 8 Lg.9 52.2 74.8 5

12
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TABIE NO. 38
1944 DAILY RIVER TEMFERATURE, TRINITY RIVER AT LEWISTON

Jan, Feb. Mar, Apr, May June July Aug. Sept. Oct. Yov, Dec.
Day 8am OSpm 8am 5pm 8am Spm 8am 5S5pm 8am OSpm 8am 5pm Bam Spm Bem OSpm Bam Spm Bam Spm 8am Spm 8am Sp;
1 40 40 39 43 50 54 63 68 68 74 65 75 OS7 66 53 57T 44 45
2 40 40 39 45 46 49 50 62 65 68 65 76 65 76 58 €8 52 54 41 44
3 40 40 40 43 45 46 48 52 64 69 68 77 64 75 69 62 51 52 41 45
4 40 40 39 40 45 46 50 55 €3 65 70 78 65 77 S8 68 49 50 42 44
5 40 43 39 42 44 48 55 69 63 68 T0 @8 65 76 60 66 50 52 43 45
6 43 45 40 43 45 46 59 61 64 68 69 78 67 77T 67 65 50 48 43 45
7 43 44 41 45 45 46 58 63 €5 T4 64 76 67 75 56 66 48 50 43 43
8 43 43 40 43 45 47 655 61 64 70 €8 T8 67 75 60 €6 50O 52 42 43
9 40 42 45 47 44 47 55 55 64 68 68 76 66 77 60 65 47 49 41 42
10 40 41 43 47 48 50 54 60 64 T3 65 78 67 75 58 65 48 48 40 42
11 39 40 40 45 47 48 58 62 65 75 67 80 65 75 59 63 47 48 40 41
12 38 40 40 45 45 4B 55 62 65 T3 68 BO 65 74 58 61 48 50 39 40
13 37 40 39 41 45 45 56 64 67 75 68 75 64 73 657 65 47 49 37 41
14 38 41 37 41 44 47 55 5886 67 73 70 8O 64 TO 56 66 46 45 38 40
15 38 41 36 43 46 49 52 585 70 %6 69 79 61 TI 54 §3 45 46 38 40
18 37 41 38 45 45 48 44 52 52 54 68 76 68 76 63 69 55 63 42 44 39 40
17 37 41 41 48 44 46 48 50 54 B8 69 75 70 T8 59 69 S5 64 42 45 40 42
i8 37 40 45 48 50 52 55 67 69 77 €8 76 59 69 54 65 43 44 41 43
19 38 41 43 45 50 65 54 &7 T0 79 88 78 58 69 54 62 43 46 42 44
20 37 42 42 44 51 67 55 58 70 78 68 F7T B8 67 54 64 42 44 42 44
2l 39 39 41 45 66 55 B4 58 70 78 67 77 60 €4 57 64 42 45 43 44
22 36 39 43 46 51 55 56 62 69 8 67 76 60 66 57 65 43 46 44 45
23 37 42 43 46 48 54 57 62 T0 &80 67 75 62 69 56 66 45 47 45 45
24 39 43 43 47 48 57 56 54 €8 81 67 75 65 7F0 54 62 44 45 44 44
25 39 41 43 46 S50 67 59 64 70 79 65 77 62 70 54 62 42 45 42 42
26 36 42 41 45 56 & 58 66 71 79 67 77 62 72 53 60 43 44 40 41
27 40 37 42 42 45 52 56 64 66 75 81 68 80 62 69 52 61 4C 2 40 40
28 37 39 39 43 42 47 54 55 64 68 T2 79 6 79 62 €68 5655 60 44 45 40 40
29 39 40 40 42 44 48 62 59 €1 69 70 78 67 78 61 65 65 62 44 46 39 40
30 40 41 47 49 54 56 66 TL 72 77T 67 77 58 67 ST 63 46 4T 39 40
31 40 43 47 49 54 55 65 78 65 70 56 89 39 41
Av. 39.0 38.9 4l.4 45.1 51.1 55.8 67.6 67.5 6340 56.3 45,9 41.0
4046 41,3 45.0 47,2 55.0 59,8 74.9 7763 71.4 63,8 47.5 42.4
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TABLE NO.
1945 DATLY RIVER TEMFERATURE, TRINITY RIVER AT LEWISTON

4

_ January February March April May June
Day Mex. Av, Min, Max, Av., Min, Max, Av. Min., Mex, Av. Min. Hax. Av, Min. Max. Av, Min,
- 40 ---=  3O% 4]  eeme 39% 43 40.8 40 47 44,2 42 54 5l.2 47 8 56,0 B3
2 40 ~---  39% 41  weea 39% 42 40,5 39 45  43.2 40 54 51,3 47 56 55.4 &
3 40  e-==  39x 44  —eem 4% 43 40,8 40 46 44,1 41 54 51.4 47 57 55,3 53
4 40  eee= 39% 43 meme 42% 43 40,6 39 47 44,9 42 55 51,6 47 | 58 55,6 53
5 41  -=-=  40% 44 eeem  42% 42 40,2 38 47 44,86 43 54 51,6 48 56 54,4 52
6 L - 44 42,5 41 42 40,4 39 48 45,9 44 65 52,2 48 58 55.2 52
7 44 wme- 43% 44 43.2 43 43  41.4 40 46 45,2 44 55 52,6 49 59 656.4 54
8 £3 41,9 4l 44 43,4 43 44 42.6 42 46 44,2 43 56 53.5 SO 58 56.8 54
9 43 41,7 41 44 43,1 42 47 43,8 42 45 43.3 41 55 582.5 51 66 57,6 55
10 44 42,9 42 44 43,3 42 47 45,4 43 46 44,6 42 54 51,8 49 61 58,3 55
11 43 42,2 41 46 44,8 43 48 45,5 44 48 46,3 45 51 50.2 48 62 59,5 87
12 43 41.9 41 45 43,7 42 47 45,9 45 48 45,6 43 51 === 43% 62 5%.8 57
12 45 44,0 43 45 44,4 43 48 45.6 44 48 45,6 43 50  cem=  48% €1 59%.0 57
14 46 44.2 44 44 42,8 42 45 44,6 44 50 46,9 44 51  —me=  4T% €60 57.6 55
15 44 42.4 42 42 41,2 39 45 44,1 43 52 49,4 47 53 50.8 48 61 58.0 &5
16 42 41,1 40 43 41.4 40 43 40,7 37 52 50,7 48 54 50,0 46 63 59,5 &6
17 40 38.8 38 44 43,2 42 39 37.1 36 51 49,8 47 50 48.4 47 65 61.3 57
18 41 39.1 38 43 42,1 40 43  39.9 38 52- 49,5 48 50 48,3 48 67 63,4 59
19 40 39,6 38 42 40.4 38 41 40,8 40 52 49,5 46 51 48,6 46 68 65.1 61
20 39 37.7 38 42 40,5 39 40 39.8 39 52 49,2 45 53 50,7 48 69 65.6 62
2] 37 35,5 35 43 40.9 39 45 41,0 38 50 47.9 44 54 51,7 49 69 66,0 63
22 37 35,0 34 44 42.4 4 44 41.7 38 50 47.6 44 53 52.4 51 67 65.2 63
23 37 35.0 34 42 41.4 40 44 40,6 38 51 48.1 45 52 50.7 48 63 66,1 62
24 37 35.3 ¥ 42  40.7 39 44 42.2 41 50 49.0 47 52 50,5 49 66 65,3 €4
25 38 36.6 36 42 40,3 38 43 41,2 39 49 45,7 43 62  50.8 4% 65 63,2 &2
26 40 37,3 36 42 40.6 38 43  40.8 39 50 48,2 43 52 51,2 50 66 62,7 59
27 40 37.4 36 43 40.6 40 47 44,4 42 51  48.7 46 83 50,9 48 €8 64,9 61
28 40 37.0 35 43  40.9 39 46 44.8 43 52 50,0 47 64 52.1 B8O €9 64,8 60
29 42  39.1 37 48  46.0 43 §3 50.1 47 83 8l.6 &0 70 66,0 61
30 41 40,6 40 48 46,3 - 44 54  50.9 47 53 52,6 52 70 66.3 61
31 40 39,7 39 48 46,6 44 58 54,1 51
Av, 41 ~38.8 39 43 41,9 41 44 42,5 41 49  46.8 44 53 50,7 48 63 60.4 &8

*Readings taken with hand thermometer.,
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TABLE NO. 4 (Concluded)
1945 DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON
July August September October November ‘ December

Day Max., Av. Min. Max. Av. Min. Mex. Av. Min. Max. Av, Min. DMax. Av, Min. Max. Av. Min.

Eode

1 72 67,8 62 81 73.8 68 76 70,8 65 67 6l.8 586 51 49.9 45 43 43,3 43
2 74 69.6 64 80 73.5 67 76  70.7 64 66 6l,5 55 §2 50.9 50 45 44,2 &3
3 75 T0.5 66 80 73,3 67 75 69,6 63 64 60.4 56 52 5l.1 50 44 43,6 42
4 75 70.6 66 81 73.6 66 76 70,2 63 63 £9.,7 55 53 5l.3 50 42 40,5 3¢
5 76 T1.3 66 81 74.6 68 76 71.1 €6 66 60,8 &5 52 £0.2 48 43 42.2 4l
6 76 71.8 67 81 75.4 71 74 69.3 64 67 62,3 57 48  46.6 44 44 43,3 42
7 77 72.6 68 80 73.9 €8 75 68,7 62 68 63.7 58 48  45.2 44 43 42,8 42
8 78  73.3 69 81 73.8 67 75 69.4 63 68 65.0 61 48 45.6 44 42 4£1.8 41
9 73 71.0 69 82 74.9 68 .76 70.0 63 67 64.5 62 46 44.8 44 41 40.5 40
10 73  69.6 67 81 75.2 70 77  7i.1 64 69 65.5 €2 47  4£5.1 44 42 41.1 40
1 76 71.3 66 81 74.5 68 78 72,3 86 69 65.7 63 46 45.2 44 42 41.1 40
12 78  73.2 69 79 73.0 67 78 72.3 66 69 65.3° 62 46 44.9 43 40 39,3 37
13 79  73.9 69 79 .71.8 65 78 72.6 67 69 64.3 61 48 46.0 44 38 36,3 35
14 79 73.7 70 78 72.0 65 77 71.4 65 €8 63,3 59 45 44,7 44 36 35.2 34
15 79 73.4 68 79 72.3 66 75 70.3 64 8656 62.3 58 45 43.9 43 37 36.5 35
16 79  73.7 69 79 72.3 66 75 68,7 63 65 62.3 60 43 42,5 41 40 38.5 37
17 8l 73.4 €8 80 73.3 66 73 68.1 - 62 67 62,6 59 44 42,6 4l 40 39,2 28
18 79  73.0 68 75  Ti.9 89 73 €8,7 63 66 61,5 58 45 44.6 43 32 38.3 28
1S 79  T71.8 66 79 72.6 67 73 67.9 62 65 60.6 57 46 45.3 44 39 37.7 37
20 80 71,3 64 80 73.7 67 68 65,3 €61 65 61,0 58 48 45,2 44 39 37.8 37
21 80 71.8 64 80 73.9 &7 66 62,7 59 60 57.2 55 45  44.0 43 3 28,8 38
22 - meem a- 80 73.7 67 68 62,6 658 58 55,5 53 45 44,2 43 41 39,7 39
23 80 75,3 70 79 72.8 67 67 61.7 56 58 53.9 50 46 45,3 44 42 41.0 40
24 81 74.8 70 76 70,7 66 68 62.5 56 57 52.8 438 45  45.1 44 42 42.0 42
25 81 74.4 69 74 69.1 63 68 62,8 57 57 52,4 48 43 43.0 22 43 42.6 42
26 g2 T4.4 69 75 69,5 63 66 61.6 56 56 52,4 48 45 43,8 43 43 42,3 42
27 83 76.4 70 75 €9.8 64 - 65 60.3 55 54 52,7 51 45 45,3 44 44  ~-e= 42
28 82 76.2 T 74 69.3 64 66 60.6 54 53 52,7 52 45 44,4 43 44 ™~ ~~=m  43%
29 81 75,2 70 74 69,8 65 66 62.1 55 53 5l.0 49 44 43.3 42 43 ---=  42%
30 80 73.8 68 77  70.4 64 67 61l.5 55 I 44 43,3 42 43 —--e 42
31 80 73,7 68 76 70,8 64 ce  mmem  e- 50 49,5 49 o= mmee o= 43 meem  A2%
Av, 78 72,9 68 79 72,5 67 72 66,8 61 63 59,4 56 47 45.4 44 42 40.7 40
*Readings taken with hand thermometer.
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TABLE NO. &
1946 DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON

January* February March April Mey June July August
Day Max. Min, Max, Ave, Min, Max., Ave. Min, Max, Ave. Min. Max. Ave, Min., Max. Ave. Min. Max. Ave. Min, Max. Ave., Min.
1 44 43 . 43 42,0 41 47 45,0 43 51 47.8 44 58 55,5 52 70 €5.3 61 77 Ti.3 066
2 44 43 . 43 41.8 40 46 45,2 43 63 49,5 45 58 58,1 53 70 65.5 62 79 73,3 €5
3 43 43 42 40,9 39 46 45,5 44 52 45.4 45 58 55,8 53 71 66.3 62 80 73,7 T0O
4 39 39 43 41,2 38 48 45,7 43 51 48,5 44 &8 55,7 53 72 67.1 63 79 73.2 69
5 42 a1 44 42,5 41 49 47.0 45 51 47.9 44 BT 55,3 53 72 69,4 67 78 71.8 67
6 40 40 46 44,1 42 50 47.9 46 52 48,7 44 55 55,3 50 72 67,7 63 77 90.8 66
7 40 39 45 44.0 41 49 47,6 47 51 48,6 45 57 54,86 51 72 67.4 83 78 71.0 66
8 40 39 46 44.5 42 47 45,7 44 51 47,9 44 58 55,7 53 €69 66,1 683 79 Tl.5 36
8 %9 38 39 36,8 35 45 43.9 41 48 45,8 44 52 48,8 45 58 56,0 54 72 66.83 62 79 Tl.8 €5
10 40 39 38 36,5 35 45 43,6 42 49 46,7 44 53 49,8 46 59 56,1 54 72 67.9 63 P
1} -~ 39 38 35,5 34 44 42,8 40 50 48,8 46 52 49,0 44 60 57,4 54 T4 69,2 65
12 37 36 37 35.2 34 44 43,6 43 B0 49,3 48 53 50,2 46 61 58,0 55 T4 69.8 65
13 38 36 38 35,7 34 45 43,3 41 52 49,7 47 £2 80,2 47 59 57,3 56 73 6%,3 65
~ 14 39 37 38 36.3 35 43 41,8 39 Bl 49,2 46 52 49,7 46 59 56,8 B4 70 67.2 65
@15 38 37 39 37.6 36 45 43,0 41 52 49,5 46 54 51,3 48 58 56,5 55 T2 66.3 61
16 39 38 40 38.4 37 45 43,3 41 52 49,4 45 55 561.6 48 61 57,9 55 73 67.7T 63
17 38 37 41 39,3 38 45 44,2 43 52 48,7 44 56 5l.5 48 63 59,3 57 T4 68.9 64
18 -= 38 42 40,2 38 43 42,2 41 50 47.2 44 55 52,7 49 64 €0.&4 57 76 7T0.3 65
19 40 38,9 38 43 42,9 42 49 46,8 44 55 52,0 48 65 61,7 B3 T8 Ti.9 67
20 40 38.9 38 45 43.7 42 49 46,3 43 54 51.8 49 66 62,8 54 T9 73,2 69
21 41 40.0 39 47 44,8 43 49 46,7 43 48 47,7 46 85 62,7 60 79 TI.T 69
22 43 40.8 39 46 45,83 45 51 47,8 44 47 46,7 486 64 61.3 S9 80 75.0 71
23 42 4l1.2 40 45 43.0 42 52 49,3 45 49 47,6 45 62 69,5 57 79 T4.8 72
24 42 41.2 40 47 44,1 41 52 49,0 44 50 48.2 47 63 5%.0 65 T8 735.5 70
25 43 41.3 40 AT 45,8 43 .51 48,4 44 50 49.6 48 65 60.8 57 72 69,5 67
26 41 4G.4 39 49 47,5 45 50 47.0 43 53 49,3 43 €5 61,5 58 67 86,0 62
27 44 42,2 41 48 46,9 45 Bl 47.6 43 54 50,5 47 64 61.5 58 73 €8.0 63
28 43 41.8 40 47 44,1 42 Bl 48,2 44 54 52.2 49 61 60,8 58 75 T0.3 66
29 . 42 40,1 39 650 47,6 45 54 52,2 49 65 60,6 55 T5 70,3 €6
30 42 41,2 39 49 45,8 42 54 52.7 49 68 63,5 59 T3 68.0 €6
31 44 43,2 42 58 55.0 52 75 69.2 64
Ave, ) - 4C  39.0 38 45 43,4 42 50 47.2 45 53 49,7 4T 61 68,2 55 74 69.4 65 78 72.8 67

*Readingsg taken with hand thermometer.
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TABLE NO, 6

1945 DAILY RIVER TEMFERATURE, TRINITY RIVER AT JUNCTION CITY

October

==

July August September Novembser December
Day Max, Ave Min, Max, Av, Min, M¥ex., Av, Min., Mex. Av, Min, Max. Av. Min. HMax, Av. Min.
1 = eere e 83 T7,3 72 78 72,8 €67 69 63,4 058 51 49,6 48 44 43,6 43
2 —— mrem - 80 76.1 Ti 78 72.7 67 68 63.1 58 53 51,3 49 44 43,5 42
3 76 --ee  -- 82 T75.8 70 77 71.,8 66 66 62,2 59 54 53,0 52 44 43.6 43
4 76 72,6 68 81 75,7 70 77 71,6 66 66 61,8 58 54 52,6 51 43 42.4 41
5 77 73.3 69 Bl 76.0 7O 77 72,0 63 67 62,0 &7 553 &1.5 49 44 42,9 41
6 77 73.8 70 Bl 76.5 72 76 70.7 65 66 62,5 59 50 48,7 46 45 44,2 43
7 79 75,0 71 80 75.0 70 76 70.0 64 68 63.9 89 48 46.4 45 44 43.3 42
8 79 T75.4 72 81 75.3 69 77 71.2 €5 68 65,4 62 48 48,8 45 43 41.8 41
9 74 T72.6 T2 82 76.2 70 77 T1.7 68 67 65,0 63 47 46.9 46 41 40,7 40
10 74 71,2 69 80 76,2 72 79 72,6 67 69 65,4 62 &7 46,4 45 42 41,4 40
11 78 T73.5 70 80 75.1 70 80 73,6 68 69 66.1 63 46 45.5 44 43 41.9 41
12 79 F5.0 T1 79 74,3 69 79 73,6 68 70 €6,1 63 46 46,1 45 41 42,2 38
13 BO 75.8 72 . 80 74,2 68 79 73,4 69 70 65,5 63 49 46,6 45 39 37.5 36
14 80 76.0 72 B0 74.2 69 78 72.2 67 69 64.5 €l 47 46,1 45 36 35,7 34
15 80 76,0 72 80 T4.4 69 76 Tl.3 67 68 63.7 60 47 45,7 45 37 36.2 35
16 80 75,6 72 79 74,0 68 75 T0.4 66 55 63,0 61 45 44,2 44 38 37.T 37
17 79 76,2 T 81 75.3 695 76 T0.0 65 67 63.0 861 45 43.9 43 40 38,9 38
18 B0 7543 71 75 73.6 Tl 76 T0,5 66 67 62,2 59 45 44,4 43 40 38,8 38
19 78 74.1 70 79 73.8 €69 75 69,7 65 66 61,7 58 47 46.1 45 39 38,0 37
20 78 T73.6 869 80 T74.5 €9 71 67.1 64 66 61.8 59 47 46.0 45 38 38,1 38
21 78 T3.6 69 81 75.3 70 66 63,8 61 60 68,4 56 46 45,1 44 40 39,3 38
22 79 743 70 81 75,3 70 69 63,8 60 60 56,5 63 46 45.2 44 40 40,0 40
23 80 75.0 7O 79 74.0 €9 68 63.4 59 58 b54.4 51 47 46,5 45 41 40,5 40
24 80 75,3 T1 76 72.0 68 70 64,2 59 68 53,5 50 47 46,1 45 4z 41.8 41
25 Bl 78,4 TO 76 T70.8 66 — 70 64.8 60 57 53,0 49 45 43,6 43 43 42.4 42
26 83 78,7 Tl 76 71.0 66 69 64.1 59 56 52,5 49 45 44,0 43 42 42,3 42
27 85 78.5 73 76 Tl.4 66 66 62,1 58 53 52.2 81 46 45.4 44 44 42,7 42
28 84 78.9 T4 75 71,0 686 €67 61,4 56 53 52,2 51 46 45.2 44 45 44,8 44
29 82 77,6 73 77 T1.8 67 68 62.5 57 53 52.5 82 44 43,5 42 45 44,3 44
30 B2 76,3 170 78 72,3 67 68 63,0 58 52 49,5 48 45 43,7 43 44 4344 43
31 B2 77,1 71 78 72,7 67 e meee o 49 49,5 48 = emme e 44 43,9 43
kverages 79 75.1 T1 79 74.1 69 T4 68,9 64 63 60.0 57 48 46,4 45 42 41.0 40
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1946 DAILY RIVER TEMFERATURE, TRINITY RIVER AT JUNCTION CITY

'..

TABLE NO, 7

January February May June July
Day Max. Av. Min, Max. Av. Min. Max. Av. Min, Max. Av. Min. Max. Av. MNin.
1 45 43,3 44 38 37,7 36 == e--= -= 6l 57,9 54 Tl 67,6 64
2 44 44,0 44 39 38,7 38 .. mmme - 62 5%9.4 57 7L 67.9 64
3 43 43,2 43 39 38,4 37 —e mem= - 62 59,0 656 71 €8.,1 64
4 43 41.5 40 38 37,7 36 —— eom= == 62 59,2 56 72 69,3 65
5 43 41,6 41 38 37.7 37 - e e 61 658.4 656 73 69,6 €6
6 42 41,3 41 38 36.0 35 T TN 61 57.9 54 73 €9.8 €6
7 41 40,6 40 37T 35.6 34 —— mem= -- 62 57.9 654 73 6°2,8 66
8 41 40.2 39 39 37.3 35 = meee - 862 58.9 55 70 6845 66
9 40 39,4 39 40 39.0 38 —— = - 62 5%.2 656 73 69,4 65
10 41 39.5 41 39 38.0 37 —— ———— - 6z 59,2 65 74 70,6 67
11 41 39.8 39 39 37.5 36 - meme - 64 60,7 57 75 TL.7 68
12 39 37.8 36 38 37.1 36 —— mmee e- 65 61.8 658 76 72.3 68
13 38 37.2 36 39 37.6 36 —— —ema -- 63 61,3 &8 e m—m—— .-
14 39 36.8 36 38 37.8 36 —— e - 83 60.5 57 — mmme -
15 39 37.9 36 39 38.8 38 - mem— - 62 60,0 57 e -
16 39 38.0 37 . e - —— memm e- 64 60,7 57 e --
17 39 38.0 37 = eeem - - meem ae 66 62,6 58 —— m—— -
18 39 38.0 36 - meee e= —— mmme ea 67 63.9 60 - = e-
19 38 37.8 37 - meee -- - e e 69 65,3 61 — e -
20 39 38.8 37 —— emem =a —— meme - 70 68.6 62 — m——— -
21 39 38,8 38 - —e= —- — e - 69 66,9 83 —— - a-
ac 40 39,5 39 —— emem e- —-— mm= e- 66 64,3 62 - mm—— e
23 42 40.8 40 45 44.4 43 . me—— - 64 61.3 68 —— cm—a -
24 42 41,4 41 43 42,4 41 - mme= - 64 61,3 658 - mmee -
25 42 40,7 40 44 42.2 40 51 50,2 49 66 62,8 59 . mme -
26 40 37.9 38 42 40.6 39 52 49.9 48 66 63.2 60 — wr—— -
27 38 36,8 35 A 54 5l.2 48 63 63.6 60 — ewem -
28 38 37.1 35 == ==== == 56 52,6 49 64 62,2 61 76 72,2 €9
29 39 37.0 35 - meee - 57 534 60 66 62,5 658 76 72,2 €9
3 38 37,4 36 —— cemm - 57 54,2 651 69 65,8 62 74 Tl.1 69
31 38 37.1 35 - e——=  =- 58 65,6 52 = mme— -~ 76 1,7 67 -
Averages 40 39.3 38 40 38,7 37 55 52.4 50 65 6l1.5 68 74 70.1 67
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inactive during the deytime when they rest im shallow water or in rubble
on the river bottom, but they start feeding at sunset and remain active
untll the next morninpg. Thers seems to be no gregarious tendency during
this aoctlive psriode Observationes of feedlng eactivity indicate that dece
are omnivorous. Most feeding takes place on the algul-covered bottom,

but drifting food particles and floating inscocts are alco tekene In
winter months, dace are seldom seen in the opsn, although their appoarance
in fyke-net catches during this period indicates some mooturnal activity.

The Klameth black dace of Trinity River have been extensively re-
ported on by Jhingran (1948)¢ Much of the dece material collected during
this investigation was placed at his disposal and is Incorporated in his
studye.

Fine-scalod Klamath River suckers are as widsely distributed in the
river aa are tho dece, but thoy are much loss abundante They are most
commonly found in deopsr holes along the river end in tributaries with
modorate gradients. It ia common to see larpge schoola feeding along
the bottom of pool arees any time of the yeare This fish apparently
has little value in the Trinity River o8 a forage fish for large troute
Undoubtadly, Juveniles enter the diet of native trout and steelhead,
but most small suckers are found in tributary streems where large trout
do not occure.

Resident Gema Fishaes

The Trinity River investigation has revcaled the presencs of three
resident Selmonidae: reinbow trout, Selmo pairdnerii (Richardson);
brown trout, Salmo trutta (Linnaeus)s end easterun brook trout, Salvelinus
fontinalis (MI%ohill); named in order of abundance. -

Reinbow trout, ths only native species, are distributed in fairly
large numbers throughout the drainags, except in the upper extremities
of some tributaries. This spscles contributes the major portion of all
geme fish taken by spartemen. The California Division of Fish and Game
reports that approximately 7,750 anglers tock an estimated 389,800 trout
from the Trinity River in 1941, Ko observations have beon made of rainbow
trout spawning activities, but ripe males have been taken during the
steelhead spawning period (Februmry = April) in Ruch Creek, & tributary,
and it may be assumed that thoy spewn during that psriod.

Brown trout are also generally distributed but are fewer in number
and more conspiocuocusly absent from the uppsr extromities of the river and
its tributaries than are the reinbow. There are knowm to bo
defini te spawvning migrations of adult brown trout in the Trinity. From
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June 29 through Avgust 2, 1945, 39 brown trout passed through the gates
of the Lewiston fish-counting weire Six specimens taken for study had
an averege wolght of 5.7 pounds and an average length of 23.4 inchos.
Their sex products were further developed than those of steelhead, but
less than salnon taken &t the same time. Less consploucus but larger .
migretions occur during November end Deocembere. Although these filsh have

not been observed spawning in the Irinity River during this study, local

resldents report heving soen them spivming in the upper msoin stream and

its tributaries from late December until carly Februarye

g =

Several young brown trout were usunlly tesken in the fyke noets at
Iewis ton during ths week following the first fall ruin. A feow young,
near or in their second year, were teken through the remainder of the
winter months. Fry of this spoocies, that had recently laft the gravel,
were taken by fyke nots oa very rare occasions in March ond April. It
is possible thut the browm trout of Trinity River migreia to the sea as
do representatives of the somo spscies in Burops, although no direct
evidence is yet avallable to demonstrate such movement. Scales from
the spooimens taken at Lewlston wers 80 resorbed that positive age and
growth detsrminations could not be made,

Rather linited populations of eastorn birook trout cccur in the
colder waters of the upper extremities of the Trinity River snd its
tributaries. They are caught in falir numbers by sportsmen who frequent
the higher, primitive areese These fish do not attain & very large size
in the drainspge, but their gaminess and limited distvribution meke them
highly desirable to many spoertsmen.

Anadromous Fishes

Four anadromous or sea-run fishes have been recognized in the
Trinity River during the course of this investigation. These are the
three=toothed lamprey, Entosphenus tridentatus (Gairdner); the king
salmon, Onoorhynchus tschowytscha (Walbaum); the silver salmon,
Onocorhynochus kisutch (.albeum)j and the steelhead trout, Salmo
gairdneril (Richardeson).

King salmon

Comeneroial and sports fisheries

King salmon have long been sought by Indians, commeroial fisher-
men, and sportsmen es ons of the most ebundent erd desirable of the
Pacific salmons. Thoe part played by ths Trinlty River in supplylng
the salmon fishery of Californlia is not definitely known, but scme
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idea of its contribution can be deduced from discussion of catch
statistioss An aversge annual catch of 2,286,588 pounds of salmon
has beon taken cammerclally from waters of Rumboldt and Del Norts .
Counties over & period of 28 yoars (Table 8). Thess counties lie
north and south of the mouth of the Klmmath River, and cetches thers
certainly include & major portion of the contribution of the Klamath
River. Salmon originating from othor drainages appearing in these
ocatohes eare assumed to be compensatoed for by Klmmath River salmon
taken north and south of these two counties. Trinity Rlver con-
stitutes approximetely one=third of the totsul Klemath drainage
accessible to spawning selmeon, and its contribution to the com-
merocial fishery supported by the Klameth drainuge is assumed to be
proportional to 145 part of the drainege area involved. Based on
these assumptions, the annual cutch of salmon from Trinity River
would epproximate 762,200 pounds.

An important sports fishery materially increases the value of
the sealmon production. It is difficult to even approximate the value
of these fish to the sportsmen. Businesses and people benefiting from
sport fishing are 80 greatly varied and widely distributed that a
sumation of values is impossible. The California Division of Fish
end Game estimates that 1,385 anglers took 11,496 salmon from the
Trinity River in 1941. Based on an average weight 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 probably 890,000
pounds per yeare

Charscteristics of the seasonal runs i

King salmon enter the Klemath River from the ocean in two welle
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 pesak
in May, and diminishes to the vanishing point by the end of Jume. At
present, this run is very small, but Snyder (1931) cites & paper by
Re. Do Hume (undated) as authority 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 article which certainly appeared before the turn of the cen=
tury. The summer run usually begins to enter Klamath estuary about the
first of Julye It increeses gradually throughout that month, reeaches
a psak in August, declines steadily through September, and practiocally
disappears by the beginning of winter. There appoars to be little
or no segregation of this latter run into summer and fall segmentse

Adult king salmon migrate past Lewlston enroute to their spevming
grounds in what appear to be three seasonal groups: one in spring,
one in sumer, end one in falle Each of these groups, excepting
poasibly the spring run, is distinct and divisions between them are
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TABLE NO. 8
COMMERCIAL SALMON CATCH=

DEL NORTE AKD HUMBOLDT COUNTIES

Welght of oatch

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
1924 2,193,688
1925 3,795, 062
1926 2,825,650
1927 1,856, 451
1928 1,211,600
1929 1,520, 624
1930 2, 387,507
1931 3,813, 300
1932 3,047, 400
1933 3, 340,678
1934 2,769, 304
1935 3,499,610
1938 2, 347,116
1937 3, 375, 560
1938 1,438,270
1939 1,675,116
1940 3, 369, 492
1941 2,413, 368
1942 2,255,862
1943 2,176,182

Total 64,024, 450

Average 2,286,588

sFrom California Divigion of Fish and
Game published commercial catoh records.
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well defined (Figure 5 and Table 9). Tho spring migration passes
Lewiston during June and July, the summsr migration during August
and September, and the fall migration during Cctober and Rovembers

Counts of migrating adult selmon begen early enough to include
spring-run fish in 2 of the 2 1/2 years of observetionz. June and
July counts :in 1945 toitaled 25 fishe The towl count for the same
months, plus the first 10 days in Aupgust, amounted to 274 salmon in
1946, The run in 1945 was large enough to demonstrate trends and
limitss It began on Junc 28, increased rapidly to a psak on July 4,
tapered off wvery gradually through July, and practically ceased by
the Bth of Auguste The spring-run segment nearly failed in 1945,
The welr at Lewiston began operstions June 6, but ths first salmon
to pess it did not arrive until Juas 22. In the period June 28
through July 16, all but two of the 25 fish passed the weir Ho
other fish wore counted until August 2.

Spring=run salmon are very delibserate in their mligratory habits.
They travel fast and do not hesitnte to fight any obstacle enccuntersde
Thelr greatest movement through the counting weir took place during the
two hours following sunset, although some migration continued day and
night. Thoy are in excellent condition, @s 1s shown by their visceral
fat, silvery bodies, end very red fleshs 1In some years this run is
hardly noticeable in Trinity River because of its relatively small size
end the fact that the salmon in 1t rarely strike at a fishsrman's lure.
Upcon reaching deeper holes betwoen Lewiston and Trinity Center, these
fish stop migrating and remain in a semiecuiescent state until they
spawn early in October.
{

The so-called sumer run was much more numerous end distinot than
the spring run in both 1544 and 194b. Weir opsration began August 4,
1944, and on that deate 3 fish passad the gatese Salmon arrived at the
woelr in erratic but gradually increasing numbers throughout the remainder
of the monthe The greatest dally count was made on September 2, after
which the migration dwindled %o prectically nothinge The total number
of salmon involved in this run was 80le In 1945 the summer run began
passing the weir on August 16 It increased in the same erratloc fashion
as did the 1344 run until the groatest daily count was made on Septembsr 4.
Unlike the 1944 migration, movement through the weir gates after the peak
day was sustained until the middle of Septembser before a marked reduction
ocourred. Migration virtually ceased by the end of September. The 1945
summer run consisted of 873 individusalse.

The summer king salmon are zlow and raether cautious in their
migratory habits. They are quite wary of any obstruction or disturbance,
and their greatest movement at Lewiston took place in the four hours
following sunset. Littls, if any, migratory movement was observed during
daylight hours. Periodloc fluoctuations in dally counts of these fish appear
to be related to changes in water temperature. At¢ lewiston, there was gon-

23



50- 1942

5001
4001 - 1944
300{
200-

/100

1945

Numbers of upsfream migrants

~ N L) & U
Q (o) o 1~ Q
S § 8§ 8 3

L

|

0..
501 1946
0'—7—@?(?!1‘!1{'1!!!1!!1!c‘lll!ll'

/7 22 27T 2 7 217 2227 / 6 I /Jﬂ/c?leJIOISZOZ“S'JDJIO/.{2025J0'40 /o

‘ | June July August September October Now

Figuro 6. Numbers of adult king salmon passing through the Lewiston
wolr in 1642, 1944, 1945 sud 1946, Trinity River.
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TABLE NO. g
KING SALMON COULTS
TRIFITY RIVER AT LEWISTON

192 194} 1945 1946
Day Oct. Nov. A4ug. Sept. Oct. Nov. June July Aug, Sept. Oct. June July Aug,
1 5 g 4 1407 2 0 4 0 9 6
2 2 177 1 75 1 1 12 0 17 7
5 18 90 2 17N 0 1 16 11 S 3
17 3 76 5 5 0 112 2l 30 0
5 a 0 ko 1 1 0 108 2 2& 1
6 0o 23 S 0 O 0 9 6 1 0
7 6 0 8 ‘"’”% 0 0 0 37 3 1 0
8 86 0 0 Y 0 0© o 21 12 Y 1
9 0 13 8 1 0 © 0 80 1 5 0
10 0 3 5 23 0 o0 1 65 5 5 1
11 9 11 5 BN 0 2 0 Ly 12 16
12 L 23 1 55 0 2 0 22 13 6
1 4 4 19 91 0 0 0 24 1L 3
1 4 5 8 85 0 0 0 L 255 i
15 0 3 1 98 0 0 0 10 155 11
16 0 6 4 151 0 1 12 0 75 6
17 0 12 2 1% 0 o© g 17 173 7
18 12 2 4 359 0O 0 3 g9 205 L
19 3 5 9 6 o ¢ a1 7 351 0 10
20 3 6 700 0 0 35 17 L7g 0 12
21 6 2 385 0 0 16 L 369 0 3
22 25 1 711 2 0 6 0  3ug 0 6
2 23 2 901 0 © 0 5 338 0 1
2 i o LA O 0 3 3 3| 0 2
5 23 4 295 0 © 0 1 Lls 0 2
26 34 1 399 0 0 23 9 385 0 2
27 18 L4 2; 0 0 656 5 175 O 3
28 2 0 25 3 0 10 7 53 2 3
29 6 13 2 166 3 0 11 1 1170 2 8
30 2 6 1 g9 3 0 6 0 1 2
31 13 689 0 L 1
Totals & 187 290 511 T4T1 1653 11 14 217 656 6612 5 250 19
Yearly
totels 195 9925 7510 27h
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orally & peak count two days following a low river temperature. Fish
of the summer migration ars in feirly good condition. They have no
visceral fat, but their flogh is quite red and firme Fow of these
galmon will strike & lure; however, thsy are guite noticeable in the
lerger holes along the river betwson Korth Fork and Trinity Conter,.

It 1s possiblo thet the swmer run at Lewlston 1s & lale or delayed
portion of the spring run which, having stopped migrating early in the
season, is forcsd to move upstream to escups high sumrmer watsr tome
poeratures.

Fallerun salmon reached lewiston ebout Ooctober 1 in 1944, and
once they began to arrive, the number counted each day increased
rapidlye. After the imitiel surge, “waves® of migrants psssed through
the counting gates until a seasonal psnlk in deily ocount waz reached
¥ovember 1. Thiz pesk accompained the first gsustained rain aund river
flow inorease of thes seasone A second storm and svbsocuent rise in
river flow foroced removal of ths counting welr on Hovember 3 The
counted portion of ths fell run of 1944 emountsed to 8,124 fish. The
fall run of 1945 reached Lswiston at about the seme vime in Qotober
as did the 1944 run. It also passed through the counting gates in
succossive "waves® which culminated in a poak doily count of the
season on Ootober 29, This peak count also coincided with the first
sustained reinstorm of the season which contirued in intensity and
forced removel of the welr on October e Fallerun selmon counted
in 1945 totaled 6,612 at the time operations coasede.

The fall migration is the largest gnd most noticeable. Many of
these fish will teke the flsherman's lure, and, as & result, they
support & heavy sports fishery. Their flesh is quite pink and readily
distinguishable from that of the fish in the two earlier migrations,
which is almost white by the time the fall migration starts. These
salmon can also be distinguished from fish of the two previous migretions
because their gonads are not fully meature while the other fish have
begun spewninge Since these fish meture later, many of them are able to
enter smaller tributaries after the first fall freshets.

Obviously, the total annual number of adult salmon passing Lewiston
was greater than the 9,925 counted in 1944 and the 7,510 in 1945, 1t is
believed, however, that the number of salmon passing Lowiston was notb
much greater than 120 percent of the number counted. If such ie assumed
to be the cese, then the 1944 run would have totaled about 12, 000 and the
1945 run about 9,000,

Spavming and development

The first spawning ectivities of the spring and suwmer salmon are
notioceable along the river between Grass Valley Creek and Stuart Fork
during the first week of Octubers. By the middle of that month, spawning
fish cen be seen on every suitable riffle in this area, and zcattered
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spawning occurs upriver to the East Fork and dovmstresm to the YNorth
Forke Spawning in this stretch of the river reaches a peak during

the first two woeks of HNovember when many of the fall-run fish ere

also depositing their eggse During the course of the investipgetions,
high waser flow end turbidity prohibited observation of main river
spawning after the first week of November, although spavning is known

to occur long after that datse Sslmon that had recently died following
spawning, and a few living fish, have bcen seen as late as December 19
near Lewiston. Three freshly spent salmon were found dead nesar Lewiston
in February 1946, Salmon start to spawn in the Trinlty Conter area during
the first two woeks of November, and & peak in the spawning activity is
reached during the last two weeka of that month. Spawning salmon have
been observed as late as December 12 near Trinlty Centere

King salmon fry begin to emerge from the rivar gravels during
January. Undoubtedly, the first fry to appear sre offspring of the
spring and summer adult runs which spawn some four to six weeks shead of
the fall~run adults; however, no distinction betwson the hatching times
of the separate runs cen be detocted from fyks-nat catches after the
emergence is well underway. The movement of salmon fry from their nests
continues from January through May, 25 indicated by results sumarized
in Table 10 The eppesarance of undeveloped fry serves as a rough index
to the emergence period; however, nets placed directly downstream from
salmon nests took very few yolk sac specimens, which demonstrates that

young, not fully developed as they leave the nest are the axcention

| AE—

rather tha.n the rule.

Seaward migration

Seaward migration bsgins to intensify in March (Figure 6, Table 11),
usually reaches a peak in May snd June, continues until ths first half
of July, sand prectically ceases by the first of Auguste The main
migration takes place during the spring run-off period and is only
generally influenced by fluctuations in water flows or temperatures.
Migration ceases in early summer as the river bocomes low and its
average temperature ranges into the seventies. The greatest numbers
of migrants for each.year of observotion were taken in May of 1943 and
1944, April of 1945, and June of 1948,

Figurea in Table 11 do not indioate the actuel size of the seaward
migration, and, therefore, the results obtained in one year cannot be
compared directly with thoas of another. Guantitetive evaluation of
fyke-net catches as indices of the total number of migrants is very
difficults Too many variables, as location of the net, stage of water
flow, current, debris, and other factors, change ths fishing suoccess
each daye. The only certain value of the fykeenet records is %o show
the periods of seaward migration and thelr rolative intensity during
different seasons cof the yeare
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TABLE 1°0. 10

DEVELCPMENT STAGE OF KIU'G SALMON CATCHES

IN THE LEWISTON ¥FYEKE NET

1 9 L4 5 1 9 U4 ¢

Yolk Abdomen Total Yolk Abdomen Total
Periods Sac  Open Closed Catch Sac Open (Closed Catch
Feb, 5 9 g 0 1 1 2
. 10~14 0 0 3 3
15-1 5 0 0 0 0

20--2 3 1 2 1 R

. 25=1 3 0 o) 2 2
May 2- 6 29 0 1 1 2
711 3 2 70 75 0 3 9 12
1216 5 19 28 52 0 0 3 3
17-21 2 5 Lg 56 . 0 1 3 Y
22-26 0 1 39 4o 0 0 2 2
27-31 0 0 41 41 3 8 19 30

apr, 1= § 0 2 77 79 0 2 10 12
6-10 0 1 70 71 0 6 21 27

11-15 0 2 216 218 0 a 71 T4
16-20 1 Y 165 170 0 15 19
21--25 0 0 15 15 0 1 38 39
26--30 0 0 8 8 0 3 67 70

May 1-5 0 0 7 7 0 1 104 105
6-10 0 0 12 12 0 0 16 16

11-15 0 0 20 20 0 0 10 10
16-20 0 0 16 16 0 0 17 17
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. TABLE KC, 11
FYKE NET CATCHES OF YOURG KING SALMON IN TRINITY RIVER AT LEWISTON

Length groups Jan. Feb. Mar. Apr, May Jums July ‘Aug, Sept. Oct, Nov; Dec, Jan. Feb. Mar. Apr. Moy

56 = 60 mm, 1942-43 1

61 = 65 1 1

66 - T0 2 3 2

-1 2 5 8

76 - 80 3 7 10 1

81 - 85 1 3. 7 1

86 - 90 3 2 8

51 - 95 1 1 3

96 =109 1 3 1
111-115 . 1
Total fish 14 23 a 2 2
Net nights fished 22 22 22 21 13
Fish/30 net nights 19 31 56 3 5
Aver. length L 76,9 78.0 81,9 80.5 105,5
Length groups 1943=44

31 - 35 mm. 4 10 1

36 - 40 1 7 8 96 22

41 - 45 3 10 23

46 -~ 50 : 16 78&.

51 - 55 19 117

56 - 60 1 11 95 2 1

61 - €5 3 37 1 1

66 = 70 3 6 4 4 1 1

71 - 75 1 8 1 1 8

76 = 80 7 10 2 5 2

8l - 85 5 3 3 8 3 1

B8 - 90 1 1 1 1 2

91 - 95 1 1 1
Total fish 1 7 93 168 375 28 19 10 23 9 2
Ne% nights fished 22 22 22 21 13 0 2 44 ] 0 9 27 25 B8 60 54
Fish/30 net [ :

nights 1 9 127 240 865 0 0 127 21 12 12 4 1

bver. length 36 36 36,3 41.4 52.0 = - - - - 75.5 75,9 79,0 77.6 79.1 88

1 net night equals 1 net fished from 5 p.me to 8 a.ms
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Fyke Net Catches of Yovrg King Selmon in Trinity River at Lewiston (Table No, 11 continued)

Length groups Jan, Feb, Mar, Apr. May June July Aug. Sept. Octs Nove Dec. Jan. Feb. Mar. Apr.
' 154445

3l - 35 mm, 39 97 15 2 1

38 = 40 4 190 460 64 27 4

41 - 45 1 2 41 133 126 4 1

46 ~ 50 4 14 164 215 8 2

51.~ 55 11 87 197 2 2 9

56 - 60 4 15 115 4 12 1

61 - 65 2 50 3 1 16 3 2 1

66 -« 70 5 18 1 2 3 8 3 3

71 -~ 75 7 1 1 3 13 11

76 - 8O 7 1 1 8 2 6 1

81 - 85 2 1 1

86 - 90 2 1

91 ~ 85 1 1
Total fish 0 5 235 627 485 - 766 27 1 2 1 44 11 34 8 21 2
Net nights fished 25 58 60 54 32 58 60 62 60 33 14 30 41 54 62 39
Fish/3C ret nights © 3 118 34B 455 396 14 1 1 1 94 11 25 4 10 2
Aver. length 39.0 37,4 38.2 46,3 51,6 49,7 63 53 €8 59,3 70,7 72.6 74.9 T74.2 85.5
Lergth groups 1945-46

26 -~ 30 mm. 3

31 -« 35 1 2 31 15 1

36 = 40 6 9 213 141 9 3

41 = 45 3 12 11 35 36 11 1

46 = 50 7 35 27 3

51 - 55 8 17 9 1 1 1

56 - 60 1 23 3 1 3 3

61 - 65 2 4 11 11

66 = 70 1 1 2 9 2 1

7 - 75 3 _-L . 1 8 1 1 5

76 -« 80 -1 1 1l 3 2

8l - 85 1 -

86 - 90 Tl
Fish not meas. 365 5 o
Total fish 10 23 258 563 89 89 23 3 0 23 36 3 0 1 6 3
Net nights fished 41 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30
Fish/30 ret nights 7 13 125 434 72 92 23 3 0 30 43 3 0 1 6 3
Aver. length 39 39.4 37.5 38.9 45,5 52,2 56.9 63.0 - 62,7 67,5 69,7 - 73 69,7 B8l.3

1 net night equals 1 net fished from 5 p.m. to & a.m.



Fyke Net Catches of Young King Salmon in Trins'y River at Lewiston (Table No. 11 concluded)

Length groups Jan, TFeb, Mar, Apr. DMNay Juns July Aug. Sept, Oct. Nove Dec. Jan. Feb. Mar. Apr. May
1946~47
26 - 30 1
31 - 35 2 13 10 3
36 = 40 5 31 174 118 9
&l ~ 45 3 7 53 9 187 13
46 - 50 1 2 34 183 30
51 - 55 2 11 122 43 1
$6 -« 60 17 23
6l - 65 2 9
66 = 70 3
L - 75 1 1
76 - 80 1
Yot measured 5
Total fish 0] 10 53 241 261 472 127 1l
Net nighvs
fished 12 21 31 30 30 29 31 9
Fish/30 net
nights 0 14 51 241 86% 488 123 3
Aver., lemgth 38,5 37,4 39.1 67.6 48,2 52.9 5%
1 net night equals 1 net fishad from 5 pe.ms to 8 a.m,
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Fyke Net Catches of Yorng King Salmon in Trinity River at Lewiston (Table No, 11 continued)

Length groups Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nove Dec, Jan., Feb., Mar, Apr. Nav
' 1944-45

31 = 35 mme 39 97 15 2 1

36 ~ 40 4 190 460 64 27 4

41 - 45 1 2 41 133 126 4 1

46 - 50 4 14 164 215 8 2

51.~ 65 11 87 197 2 2 9

56 ~ 60 4 15 116 4 12 1

61 - 65 2 50 ) 1 16 3 2 1

66 « T0 5 18 1 e 3 8 3 3

71 - 75 7 1 1 3 13 11

76 - 80 7 1 1 8 2 6 1

81 - 85 2 1 1

86 - 90 2 1

91 ~ 95 1 1
Total fish 0 5 235 627 485 766 27 1 2 1 44 11 34 8 21 2
Net nights fished 25 58 60 54 32 58 60 62 60 33 14 30 41 54 62 39
Fish/3C ret nights © 3 118 348 455 396 14 1 1 1 94 11 25 4 10 2
Aver. length 39.0 37.4 38B.2 46.3 51.6 49.7 63 53 68 59,3 707 7246 74.9 74.2 85.5
Length groups 1945-46

26 - 30 mm, 3

31 - 35 1 2 31 15 1

36 - 40 6 9 213 141 9 3

4] = 45 3 12 11 35 36 11 1

46 = 5C 7 35 27 3

51 =~ 55 8 17 9 1 1 1

56 - 60 1 23 3 1 3 3

61 = 65 2 4 11 11

66 = 70 1 1 2 9 2 1

71 - 75 3 1 1 8 1 1 5

76 - 80 1 1 1 3 2

81 -~ 85 1

86 - S0 1
Fish not mesas. 365 5
Total fish 10 23 258 563 89 89 23 3 0 23 36 3 0 1 6 3
Net nights fished 41 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30
Fish/3C ret nights 7 13 125 434 72 92 23 3 0 30 43 3 C 1 6 3

Aver. length 39

39.4 37.5 38.9

45.5 52,2 56.9 63,0
1 ne*t nizht eguals 1 net fished from § p.ms to B a.m.

62,7 67,5 €9,7 -

73 69,7 B8l.3
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Young salmon wers observed from & barge anchored inm the middle
of the river during s heavy migraticn on June 24, 1848, between 8 sand
9 peme At that time, fry in great numbers could be seen drifting down-
stream with the ourrent. They seemed %o bo 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
oxceeding 18 inches, but all of them nake some effort to stay head upstream
as they drifted with the currente In & 5-minute period, 47 were counted as
they passed through an illumineted section of river 10 feet wide. Assum=
ing that the migrents were evenly distributed across the 200-foot width
of the river, they were moving pest 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 downstreem movement
is evidenced by fyke=net returns, young selmon are commonly seen at
all points aloup the river in the vicinity of Lewistone. Thelr presence
is most conspicuous 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 roocks on the
river bottome Several hundred young selmon congregeted at & small sub-
surfece spring near Lewiston on days when the water tompesrature rose above
75%F. Any tendoncy toward dovmstream movement in their activities is so
slight thet it escapes detsction. The seaward migration is resumed
immediately following the first fall rains when wabter temperatures approxie-
rate those recorded in April, May, and Juns. This migration of young
entering their second year of life usually starts in October or Hovember
and ocontinuss until March and April of the following yosr, as shown in
Figurs 6,

The rate of growth of seaward migrant selmon is diffiocult to
ascartain from samples teken et a fixed location. It would be possible
only if certain population segments could be followed downstream end
sampled periodically. Sampling at a fixed location actually provides a
single set of data on a different population group each day., It is
interesting to note, howsver, that as the season of downsiream migra-
tion progresses, the average length of migrants taken increases uniformly
and may be indicative of the rate of growth {Table 11), Althcugh samples
taken in February are too small for reliable statistical treatment, salmon
of the year captursd during that month in three of the four seasons were
larger than migrants caught in March of the same years. The average
length of February migrants in 1944 and 1945 was greater than similar
average lengths obtained in both March and Aprile This tendency is pre-
sumably indioative of the differonce in time of emergence between progeny
of spring or surmmererun adults and progeny of fall-run parent saelmone

The difference in averapge lengths of secaward migrants wasy 15 mm,
(0,59 inches) between March and May of 1943; 15 mm. (0,69 inches) between
March and June of 1944; 15 nm. (0.59 inches) betwesn March and June of
1945; and 16 mm. (063 inches) between March and July of 1946, Salmon
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taken in Noveamber wore greater in average length by 17 mme (0.67

inches) in 1943, 22 mme (0.83 inches) in 1944, ond 30 nm. (1.18

inches) in 1945, than migrants of the seme brood yeer netted in

Marche Occasional speocimens, captured by the fyke nets in March

of the year following their hatching, average 82 mme (3.23 inches)

in length in 1943, 79 mme (3s1l inches) in 1944, 75 mme (2.95 inches)

in 1945, and 73 ma. (2.87 inches) in 1946. Thase lengths are probably
less than the averages which could be obtained from series of samples
collected by means other than fyke nets; fish lerger than 70 wm (2.76
inches) in length are able to avoid capture in most stationary fyke nets.

Sex ratios of adults

The matter of sex reatiocs in a given population of migrating adult
king salmon has bsen the subject of considerable research efforts
Apparently, the consensus of opinion to date favors the concept of
eaqual numbers of males and females in the original stock with in-
equalities resulting almost entirely from the early meturation and
migration of a certaln portion of the males of any given year class,
Snyder (1931, pe 103) established & sex ratic of 1 female to 1.07 males
from 9,439 salmon taken in the commerocisl ocean catch off Monterey,
California, during the years 1919-21s The ratio for tho individual
yoars varied only slightly, being 1:1.10 in 1219; 1:1.02 in 1920; end
1:1.05 in 1921, From these results, he maintains that sea fishing does
not discriminate in eny great measure against either sex. It is also
falrly obvious that the sex ratio in the sea is 1;1 es would be expected.
Determinations of the sex of salmon fingerlings sampled at Lewiston in-
dicete a ratio approximating equality. Ths ssx 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 50 to 100 mm. (1.97-3.94 inches) in length.

Sex ratios established from obsaervetions on migrating adult
populations are cuite certainly affected by ths typs of fishing which
the migration has had to pass. Gill-net fisheries are especially
selective since most of the mesh sizes ere fixed by law for the
protection of the smaller sized fish in the run. Snyder (1924) re-
porting sex determinations made on & sample of 340 king salmon talken
at Hoopa in late September 1920, found 260 malss e&ll less than 25 inches
long, 47 males greater than 25 inches in length, &nd 33 femalese. These -
figh were tamken from Trinity River below the Indian fishing weir and
probably represented a fair cross section of the migrant populetion
after 1t had passed the gill-net fishery at the mouth of Klamath Rivere
The sex ratio derived from this sample ie 1 female to 9.3 malese.

The preponderance of malez far exceeds anything observed at Lewiston
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or Trinity Center during this study end is also an indication of

the deplstion which selective fishing gear can exert on a population
despite presumably adecuate escupement provisions made by law. In a
later study, Snyder (1931, p. 36) found that femeles predominated in
the gillenet ocatches 2t the mouth of Kalemath River. During the
years 1919=1623, inolusive, 63.Z percent of the catch consisted of
femmlese His records are based on catches {rom nets that allowed
the escapement of esmall fish, and, as he states, do not represent

a8 true cross section of the selmon population. Snyder points out
that a gresater 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.

Af%er closure of the Klamath River to commerciel fishing in
1933, the nigrant adult population of salmon in Trinity Rivor must have
returned to its original composition es regsrds sex ratios. Results
obtained during this study would certainly be more representative than
those of Snydere. In the vicinity of Lewiston, e sanmple of 33 fish con=-
sisted of 1 female to 1.91 males in 1942; a sample of 90 fish consisted
of 1 female to 233 males in 1944; &nd a sanple of 116 fish consisted
of 1 female to 2.66 males in 1945 (Tuble 12)¢ The ratio for all years
of record at Lewlston is 1 female to 2.4 males, At Trinity Center,
some 26 miles upstream from Lewiston, a sample of 548 fish examined in
1945 consisted of 1 female to 0.85 males, almost the reverse of the
ratios found at Lewliston.

The difference ln the sex ratios of fish sampled in these two areas
may be influenced to some extent by the Indian gill-net fishery at Hoopa.
The suwmer eand early fall runs of salmon that spawn near Lewiston must
pass nets that would teke out many of the larger fish resulting in a
greater proportion of small precocious males in the upstroem migration.
It has been observed on other streems, such as the Sacremsnto River,
that the sex ratio may change from year to year. Some investigators aver
that a preponderance of males, espeoially 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 Lewiston, and
those migrating later utilized the area near Trinity Center, the two
areas might be considered unrelated with respect to the composition of
their spawning populations. The sex ratio of the fish spawning in one
area is not necessarily related to that of the spavming population in
the othere 1In order to arrive at the sex ratio of all salmon migrating
up the Trinity River aebove North Fork, the sex composition of both of
these populations must be considered. An average sex ratio determined
from salmon teken et the center of cach 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 malese
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Heasurements of the total length of salmon sexed in the Trinity
Center sarea indioats that females thsre ere larger than those spawning
near Lewiaton (Table 12, Figure 7). The mode or grestest number of
foemales of the samo length in the Lowlston sample was 28 inches and in
the Trinity Centser ssmplo i% was 21 inchese. Im the Trinity Center area
54 porcent of tho females measured 31 inchss or longer, &nd neer Lewlston
only 1B peresnt were ln the seme oatogorye The mean total length of
females et Trinlty Center wns 0.3 inches and that of femalec at Lewiston
was 28,9 inchnse fThe difference bstwesn these means 1s l.4 inches and
tosts for waiidity of this differcnce show & high degree of signifiocanoce
(2.3 times the equare root of ths sum of the squares of ths standard
errors of the means). The difference in the sisze of the male fish of
the two ereas 18 not significant. Hales averaged 24.0 inches in length
et Trinity Center end 23.% inches at Lewiston. Hear Lewiston 69 psrcent
of tho mnles were grilse, ez compared with 41 percent at Trinity Centere

Eggs oontained in the ovaries of 70 femals salmon were counted
during the course of ths investigations (Table 13)e Individual counts
ranged from 2,341 to 4,764 and average 3,466. The correlation betwsen
egg ocontent and welght of females is not very well marked although the
two characteristics are oseriainly closely related. Snyder (1931, pe. 13)
reports ocounts from salmon taken in the Klemath River that ocompare
favorably with these figures. He derived & mean of 3,760 eggs bstween
extremes of 1,718 and 4,977, These ccunts closely approximate the average
number of eggs in female king salmon from the Rogus River, which 18 belleved
to be about 3,000, and stands in sharp contrast to ths 7,000 plus eggs
ocarried by salmon in the Secremento River. Part of this differsnce can
be attributed to differences in average welghts between females of the
two racese.

The weights of king salmon in the vicinlty of lewliston were de-=
termined from samples collected at the counting weir and elong the.
river et various points. Welghts of salmon in the spawning area are
of little value in oconsidering ths problems of yleld to commerocial or
sports fisheries, but they are of biologlcal intercst. Ths average
weight of 70 females collected furing the 1944 and 1945 migrations was
13 pounds, while that of 61 nales was 9.8 pounds., Average weights of
galmon caught by commereclal netters at t ho mouth of Kleamath River as
determined by Snyder (1931) were: 15,3 pounds in 1917 and 16.6 pounds
in 1919, Theso weighta did not inocluds many of tho grilse entering the
river and may be scmswhat high as averages for the entire rune If this
discrepancy is disregarded, and if the Trinity River races are similar
to all others in the Klamath drainage, then the offort expended in
migrations upstream to lewiston requires between 4.8 and 5.9 pounds of
body weighte
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TABLE WO, 12
SPENT EING SLLMON — TRINITY RIVER

e e o ey

Total Lewiston , Total Trinity Ctr.
Length 194 19Ll 1945 1942-19k5 1945
Inches JTemals Male lemale Male Jemanle lale Femsle Male Temnle UMale
15 1 1 1
16 7 2 1 10 2
17 L 3 Y 11 15
18 1 3 3 7 33
19 2 12 14 39
20 1 6 11 18 28
2 1 10 7 18 14
o2 1 7 4 12 2 g
23 L 3 7 L 6
2 1 4 1 4 3 a
25 2 i 2 2 4 6 3
26 2 1 1 3 1 11 8
4 2 3 3 L 6 6 11 5
28 2 5 L 5 3 12 7 16 g
29 2 6 1 7 1 15 2 ] 6
30 1 7 3 Yy Yy 12 7 L6 12
31 1 2 2 3 Y Y 68 15
32 1 1 1 3 1 1 E 5 42 12
33 2 1 2 2 3 31 13
g5 L 1 1 16 6
1 2 1 3 3 3
36 5
37 1 1 2
38 2 2 4 3
39
0
4 1 ’ 1
Yot meas. 2 g 2 8
Totals 11 21 27 63 29 17 67 161 297 251
Sex ratio 1:1,91 132,33 132,66 1:2,40 1:0.85
Grilse '
(247 or less) T1% 65% 67% 59% k1%
Femnles
(31" or over) 9% 22% 19% 18% 54
Average length 2g8.9" 23.3" 30,3" 24, 0"
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TABLE KO, 13

FECUNDITY OF FEMALE KING S.LMON — TRINITY RIVER

T e S e

——e
—_

i

1 9 4 2

Total
Number length VWeight
of eggs (in.) (1lbg.)
3,231 31 15
3,132 28 11
3,263 35 20
3,409 26 g
3,719 33 18
2,341 25 g

Mean 3,182
Range 2,341-3,719
1 9 4 4

Total
Xumber 1length Weight
of eges (in.) (1lvs.)
3,063 27.50 ----
3,492 30.25 13.5
2,965 30,00 13.0
2,862 29,50 11.0
4,179 33.50 17.0
21659 . 31‘50 e
3,037 31.00 11,5
3,947 31,25 13.5
3,222 31.00 16.0
3,145 33.00 16.5
3,259 31.00 13.0
3,750 23.00 13.0
3.3 27.00 11.0
3, 48 27.00 10.0
3,664 30.00 11.0
3,505 27.00

3,052 32.00
3,249 28.00

3,640 32.50
3,403 33.00

3,210 25,00
L, 354 25.50
3,750 33.50

4,180 33.00

3,233 30.50

3,015 27.00

2,357 26.00

3015)'|' T T

3,480  —meee
Mean 3,394

Range 2,357-4,35U

1 ¢ 5
Total

Number length Weight
of eges  (in.)  (1lbs.)

y 659 32.25 16.7

J4o1 35.00 18.0
3,229 15.00 8.6
3,225 29.00 11.9
3,178 25.75 8.0
3,720 26.75 8.5
3,103 29.00 11.6
4,332 34,50 19.5
3,353 31.00 13.3
2,743 28.00 9.5
2,982 32,00 13.0
4,182 28.75 10,5
3,224 33,00 13.0
3,298 31.50 13.8
3,626 34.00 16.6
&,u62 32.00 12.3

, 409 35.00 17.3
3,409 33,00 14.6
4, 207 34,00 16.6
3,665 29,00 10.8
2,960 26.50 7.7
3,491 38,50 12,0
3,105 © 29.50 11,4
3,187 ©  30.00 10.0
3,561 . 29.00 9.1
3,658 29.50 9.8
3,762 33.50 1.5
4,764 34,50 15.6
3,381 29.00 11.5
3,505 29.00 10.3
3,997 32.00 13.0
3,499 29.00 11.2
2,961 29.00 12.0
3.870 29,50 12.6

,052 33,00 15.6

Mean Ev576
Range 2,793-4,764
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Silver Salmon

Silver salmon enter the lowsr Trinity River to spawne. They are
not known to migrate above the mouth of the South Fork at the present
time, end there are no definite indications that thay have over migrated
upriver es fear ss Lewistone Resldents of Hyampom on the South Fork
oclearly desoribe & silver salmon migration to that erea during one year
when unusuvelly early fall rains occurred. Silver salmon are known
to be present in the Hoopa Valley during October.

Steelhsad Trout

Steelhoad trout using Trinity River spawning grounds are of little
importance to the Californie commorcial fishery, but they are outstanding
as sports flshe Anglers seeking the thrlll of ecatching these larpge gamey
fish contribute %to a sizeble tourist population along the river in the
fall and winter months.

In the Trinity River, younpg steelhead start to emerge from the
gravel late in April and a few begin moving downstream in May and Junee.
This early movement reaches & peek in June and July (Figure 8 and Table 14)
and subsides repidly with decroasing river flow end increasing water
temperatures. In socme years, many adult steelhead utilize tho main
Trinity River et and ebove Lewiston &as spawning ground. Whenever such
spawning occurs, there is a post-hatching migration dovmstream of very
small steelhead which are apparently not migrating sesward, but are drift-
ing downstream to satisfectory holding ureas 1n qulet water. Conerally,
tributary streams are used by the steclhead, end under suvch circumstonoes,
the large fyke-net oatches of very young fish are materially reduced,
Some downstream movement continues through the summer end generally
incresses during the fall end winter. The migration is preactically
complete about the time fry of the next goneration are starting to leave
their nests.

EBarly, freshwater growth of the steslhead in Trinity River is
reflected to & certain degree by the length frequency distributions
of fish taken by fyke nets. Catches were grouped into 10-day periods,
and lengths of the fieh were grouped at 3 millimeter (0.118 inch) intervals.
Idealized growth curves for each season have bsen fitted by inspection
on the basis of mean lengths for each period as they applied to brood
years (Figure 9)e. Generally, no difficulty in separating the fish of
each brood year was experienced. Because the hatohing psriod of the
steelhead in Trinity River extends over sbout 5 months, from March
through July, length frequency distributions are espoeially broad.
However, enough scales of yowung stselhead have been excmined to sub-
stentiate tho separations of year broods through the first 18 months
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TABLE NO, 14
STEELHEAD TROUT FYKE WET CATCHES -~ TRINITY RIVER AT LEWISTON

Total 1 9 4 3 19 4k | L
length(mm.) J F M A M J J ASO X D J F ¥ &4 M J J A S 0 N D
21- 25 111 :
26~ 30 9 56
31~ 35 Lik 1 1
6- 4o 2 5 1
1- L5 2 1 1 101 5 1 2
L6- 50 Y 3 3 1 2 2 2 1 3 2
5l- 55 3 E 5 2 1 3 10 311 1 2 1 L
56~ 60 5 10 10 6 1 2 g 3 L 1 2 1 3
61~ 65 6 821 21 16 1 110 517 1 1
66~ 70 E 10 41 58 ko 13 611 4 1 1
- 75 22 38 T4 72 1 1 8 519 3 11
76— 80 71038 71 78 2 8 317 2 1
8l- 85 2 319 738 L6 3 7 110 2
86- 90 1 2 8 24 28 2 4 1 2 1 1
91- 95 1 8 12 18 5 6 4 3
96~100 11 9 7 2 4 1 1 1
101-105 1 4 1 1 1 2
106-110 1 2 1 2 2 1
111-115 1
116~120 1 1
121-125 1 5 112 3 1
126-130 E 1 : 1
131-135 2
136~140 1 2 \
141-145 1 5 1 ;
146-150 3 1 ‘
151-155 2 1
Over 155 1 4 1 1 ‘
Totals 39 70 144 324 3170 34000 4 31385 42102899013 5 0 1 815
Net nights
fished 2222 22 21 130 24400 ¢ 27 2558 60 54 32 58 60 62 60 33 14 30
Fish/30 net
nights

53 95 265 463 732 045 27 0 013 31644 21 57 2747 7 2 0 11715




TABLE KO, 14 (Concluded)
STEEIXEAD TROUT FYKE NET CATCHES .. TRINITY RIVFR AT LEWISTON

o ¥ - WO wﬁ T <1.39 uJ,G ”v

lengthf{mn,) J F M A M J J 48 0 N D J ¥ ¥ &4 U & T &

21- 25 - : 1 1 2 1
26~ 30 5l2 2 208 4 Y2
31~ ag 10 14 34 98 Lg
6

5

1 -
g~ 50
5l- 55 21
56- 60
61~ 65
66~ 70
1= 75
76~ 80

gl- 85

g6- 90 1

91~ 95 1 3

96-100 2
101105
106-110 2
111-115 2
116~120 1
121-125 2 1
126-130 1 ;
131~135 {
136-140
141145 1
146-150
151-155 1
Over 155

N
HOWUIW0 @ M3
.—l
ne
= g
o g
| ol
HHEOFWE oM
(oY
n
0O

-

Total 85013 21050 7042 0 8 9 4 0 1 1 20 246 549 160 2
Net nights

fished U1 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30 30 29 31 9
Fish/30 net

nights 628 6 2 852704501811 4 0 1 1 20 246 568 155 7
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of life. The time of ennuvlus formation is wniform regardless of the

time of hatching, and annuvli would, therefore, appear on the scelas

after 6 months to 1 year of life, depending ou when the fish began indow

pendent existence. Crowth retes established in this manner are probably

low. Larger fish were wsually missed by the Cyke netse Boyond tho arble
¢rary limit of 80 millimeters (3.16 inches), the sumples are inadequutse

The step=like character of the growth curves oxpresses the length
of growing scasons in Trinity River at and above Lewiston. Apparently,
growth is quite rapid after omsrgence of fry from the gravela. This
accelaeration slows to a virtual standstlll by September, and average
lengths are &lmost oonstant throughout the winter. Inoresses in length
begin in spring (Maroh to May, dopsuding on the year) and presumably
continue until the followlng September, &lthough catches of older steel-
head are insufficlent to determine the time of growth cessation in the
segond yoar of life.

The greatest number of downstreem migreting steelhead as determined
by fyke netting, move shortly before or somewhat after the end of the
first year of life. However, meny migrant steelhead must be larger
than those sampled by the fyke nets, as scale studios of adults show
that meny individuele remain in the stream {wo or three years before
reaching the ocean. It is likely that young &teelhead leave the Lewiston
area &8 yearlings and spend & year or more cdmpleting thelr migration
to the seae Certainly the ccompasition of migrents passing Lowiston is
not necessarily the same as that of migrants entering the Klemath River
or the ocean. During extended winter dry periods when the river is low
and clear, groups of seversl hundred stealhead trout 6 to 8 inches in
length can be seevn slowly drifting downstreame The size of these fish
would indicate that they were in thoir second or third year of 1life,
These schools migrate down the centsr of the river hovering cleose to
the bottom, thus eluding the fyke nets which, because of excessive
current in midstresam, were fished near the bank,

Prior to or during the seaward movement, steelhead trout become
large enough to add materially to the fish population available to
englers. (There is no size limit in California.) The magnitude of
the contribution to the sports fishery is not lmowm, but it is aasumed
to be considerables

Steelhead remain in the ocean from one %to three years before making
their first upstreem migration to spawn. lany of them do not die
following spawning, but return to the ccesn. Before completing their
life history, steelhead may spawn three or four times, repeating this
migratory procedure each yeer after maturitye.
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In 1945, the first group of steelhead migrating up the Trinity
River reached Lewliston on June 10e. This run continued until July 12
and totaled 41 fish (Table 15). A similur migration atarted on Jure 30,
1946, and continued until July 25, totaling 21 fishe These counts of
migrating fish are miniwal. Heny smaller steelhead in the migration
wero able to pass through the pickeis on the welr and were not counted.
Ro counts were mede early in 1944, but upstreom migreant steelhead wsre
oaught by sportasmen during the first part of Julye Adult steclhead
are common in the desp holes along the river Lelow North Fork in sumere
These fish start moving upstreesm along with fresh run steelhead during
Octobere Counts of stselhead through the Lewleton weir in the first 3 days
of Rovember 1944 amountsd tc 456 fishe. The welr was romoved Hovember 4.
In 1945, & run of 170 steelhead was counied in the period Ooctober 1 to
29. The counting weir wae removed from the river on ths latter datee
Steslhead continue thelr spawning migretion up the Trinity until sometime
in Marche Attempits to count tihe migrenis have failed as they move during
storm periods whsn 1t is usually neocsssury %o remove the counting weir,.

Stselhead trout enter the larger tributeries such es Worth Fork,
Browns Cresk, and Stmart Fork following the firs¢ fazll rain. Smaller
tributaries are entered during the first rain in February after which
these streams maintain a flow eufficient 0 insure udocquate apawning
oonditions, Spawning begins in the uppsr Tripity River drainange during
the last part of February and reaches s psak in the lest two wesks of
March and the first two weeks of April, Some scattered spawning oone
tinues until the first week of Junes All observations of spawning
activity were made in tributary streams where steelhead were confined
to small areas and could be casily seen. Most nests in tributaery streams
are looated in gravel pockets beiween large boulderse. KHowever, the few
larger riffle areas available were 80 hsavily utiligzed that individual
nestas could not be distinguishede Considerable spswning takes place
in the main Trinity during the spring run-off psriod when 8ilt-laden
water obscures tholr activitiese This main river spavning has never
been observed directlye It is evidenced by tho meny nests which are
exposed as watsre recede following the run-off pericd. The idenity
of these nests was proven through recovery of dsad steelhead eggs from
one neat exposed in shallow watere. Ususlly, fry have hatched and escaped
from the gravel before such exeminmations oan be made. Steelheud nests
in the main river are most coumonly found in gravel areas along  the
edge of the stream and in long, comparatively shallow pools with flat
bottomse Some of these nests are possibly those of the lemprey, which
spawns during the same period and under similar conditlons,

Directly following spawning, adult steelhead start a return
migration to the ocean. This downstream movement which probably starts
sometime in March ocontinues to pess Lewiston {throughout the month of
June and into Julye. From June & through July 6, 1945, 195 of these
migrants were counted through the gates of the lowiston weir (Table 15)e
The weir was not in oporetion in 1948 during the corresponding period,
thus only seven migrants were counted between June 20 end July 22, 1946,
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TABLE NO. 15
ADULT STEELHZAD MIGRLTIOWS
TRINITY RIVER AT THZ IEZWISTON WEIR

!

1944 1 9 4 5 1 9 4 6
Upstream Downstream Upstrean Downstream Upstream
Day Migration Migration Migration Mirration Hipration
~ Nov. sune July June July Sept. Oct. June July Jung July
1 95 - 0 - 0 0 0 - 0 - 0
2 97 - 0 - 1 0 1 - 1 - 0
3 264 - 0 - 2 0 0 = 0 - 0
L - - 0 - 0 0 0 - 0 - 0
5 - - 0 - 0 0 0 - 0 - 0
6 - 17 1 0 0 0 0 - 2 - 0
7 - 22 0 0 0 0 0 - 0 - 0
8 - 14 0 0 0 0 1 - 0 - 1
9 - 2 0 0 0 0 0 - 0 - 0
10 - 3 0 1 0 0 0 0 - 0
11 - 17 0 6 0 0 1 - 0 - 1
12 - 19 0 2 1 0 o - 0 - L
1 - 9 0 4 0 1 0 - 0 - 1
1 - 9 0 0 0 0 11 - 0 - 0
15 - 4 0 2 0 0 23 - 0 - 1
16 - 7 0 4 0 0 1 - 0 - 0
17 - 0 0 1 0 0 L - 0 - 1
18 - 0 0 0 0 0 2 - 0 - 0
19 - 9 0 3 0 0 1 - 0 - 3
20 - 2 0 3 0 0 0 0 o 0 0
21 - 0 0 3 0 0 0 0 0 0 0
22 - 0 0 0 0 0 12 0 1 0 1
2 - 3 0 0 0 0 5 0 0 0 0
2 - 0 0 0 0 0 17 0 0 0 1
25 - 0 0 0 0 0 9 2 0 0 Ly
26 - 3 0 0 0 0 2 1 0 0 0
27 - 0 0 1 0 0 1 0 0 0 0
28 - 0 0 1 0 0 6 0 0 0 0
29 - 0 0 0 0 0 73 0 0 0 0
30 - 0 0 6 0 0 - 0 0 3 0
3 - - 0 - 0 - - - 0 - 0
Totals U456 194 1 37 4 1 170 3 4 3 18
Annual
totals 456 195 212 1 21

47



Ths spent steelhead passing Lewlston during June and July in
¢theipr seavard migration are gemsrally in very poor conditione Host
individusls are badly spotted with fungus growth and heavily infested
with nematode parasites. HMany badly fungused individuels died and drifted
downs tream against the Lewiston welr. Approximately 80 psrcent of these
dead stoelhead wore males, which iundlcotes that they suffer the highest
mortality in epawninge A fow of the spent stocelhead entsr ths sports
fishary during May, the flrst month ¢f ths fishing sesson. Host of these
fish are tekon in the Trinity Csntsr aresa newr tho upper end cof ths drainage
where the flow ig generally low enough to permit fishing in the moin river
during the first part of the secason.

Pecifio Lomprey

least important of the ansdromows fishes of the Trinity River
as a comuerocial or gammne species Lz the Pacific or three-toothed lamprey.
Hoopa Indiens trap the lampreys for fcod (Snyder, 1924, p. 164), but
otherwise they have no apparent economic importance.

The adult lompreys migrate up the Trinity River in smell mumbers
throughout the summere Ococasicnal migrations took place during July,
August, end Septomber in 1944 end 1946, Migrations oocourred at night
and wore lufrequent, lasting only ons or two nights with intorvals of
several weoks betwoen movements. Lamprsy migrants were not numerous snd
seldom could more than one be seon at a time. The upstream movement
seemed to be very deliberate, and therse appeared to be no tendency to
pause, veer off, or deley as the migrants pessed between picket openings
of the lLswiston weir end through the illuminated section of water above
the weire. Larger upstream migrations undoubtedly teke place during the
winter monthse.

Spawning lempreys are seen in the tributaries of the Trinity
River during April end May. Lampreys presumably spawn in the meain river
during these months, but thelr activity is cobscured by roiled waters
of the spring run-off. Some lampreys are observed in nesting areas of
the main river during June, and receding water during the same month
exposes many other nests completed earlier. Lamprey nests are lcoated
in gravel along the river bottom where the current is not excessively
swif'te In tributaries, nests are most frequently located in gravel
above riffles or in riffle arees with moderate current.

Following spewning, the lempreys drift downstreem tnd die.
Meny spent lempreys were taken during May and Juns in fyke nets used
to capture scaward migrant salmon. In June ond July of 1945 end 1946,
dead lampreys lodged against the pickets of tho lLewiston weir and other
live individuels were observed feebly working their way through the
plcketse
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After hatching, the young lampreys remein in & larval stage for
& period of about four years. Lerval lampreys can be found buried in
sandy areas along the Trinity River at oll times of the year. The
dovustrean migration of lamprey emmocostes starts during the first fall
after hatching, et which time the smallest individuals are only 16 to
20 mm. (0.63 = 0.79 inch) long. These lampreys of the first age group
are too smnll to be retained by the l/éwinoh wesh fyke nsts used to
gample downstream migrants of this and other specles. Therefore, the
downstreem migration of the first mge group could only be detected by
successive polsonings of ponds along the river's edge that were overflowed
during fall floods and then isoleted by receding waters. These ponds were
poisoned with rotenone preceding flood periods to be certain that they were
devoid of all fish life. Following high-wator periods and isolation from
the river, they were agaein posionsd to obtain fish that had migrated during
the flood. In poisoned ponds lawmproys would cmerge from the sand, swim
aroung in frenzied distress, and usuelly die in shallow water where they
waere easily collected. Several thoussnd ammocoetes representing all age
classes wero colledted from each of several sand bottom ponds 20 to 40 feet
in width end length following each flood periods It is very likely that
downs tream movement of ammocoete stages is & passive movemente As silt
beds in which these larvae live are destroyed or moved by high water, the
relatively helpless lamprey larvae are carried to new locations downstreams

Fyke nets retained most young lampreys meesuring 90 mm. (3.54 inches)
or longer. Ammocoetes appeared in fyko-net catches throughout the year, but
larger catches were made during and following flood periodss Eyed lampreys
are also taken in fyke nets throvghout the ycar. The relative absence of
eyed young in samples taken by poisoning would indicete that they make a
continuous and deliberate movement toward the ocean.

SAIMOR SPAWNING=-BED SURVEYS
Following a preliminary survey in 1944, two surveys were conducted
during the summer of 1945 to determine &s nearly es possible the spawning

capacity of the Trinity River between the proposed Lewiston dam site and
North Fork at different flows.

Rest Measurements

During the 1945 spaswning period, 20 completed nests were measured
(Table 16)e These measurements included the entire area of gravel
disturbed by the spawning fish. Nest digging activities are somewhat
erratic, and salmon usually disturb a margin of gravel on each side of
the nest that is not actually & part of 1ts There is aleo an area at
the downstreem end of the nest which is covered by loose pgravel oarried
down by the ocurrent during nest digging and an area et the upper end where
gravel is loosened by the fish to cover the last egps laid. Nest measurements
shows in Table 16 may be reduced by about 45 square feet to compensate for
these unused but disturbed areas (l-foot margin on sides and lower end of
nests and 2-foot mergin at the head), making an averape nest area of about
63 square feet, equal to the nest size (9' x 7') established by rough
measurements in 1544,
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TABLE X0, 16
MEASUREMENTS OF COMPLETED KING SALMOX NESTS
ON RIFFLE ABOVE LEWISTCY BRIDGE
OCTOBER 26, 19u5

Size Area
in f%, in eq. ft.
11 x 7 77
12 x 7T gl
13 x 7 91
bk x 6 g8h
14 x 7 g8
14 x 7 98
b x 7 98
I I 98
1t x 8 112
14 x 8 112
14 x 8 112
15 x 7 105
15 x 7 105
15 x 7 105
15x 8 120
15 x 8 120
15 x 10 150
16 x 7 112
18 x 6 108
18 x 10 180
Total 2,169
Average:
Length 14,5 ft,
Width 7.45 ft,

Area 108.45 sq, ft.
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Mothods

Individual salmon nesting sites were counted and recorded for each
riffle. An area of sulteble spawming gravel, 9 by 7 feet in extsnt,
measured lenpgthwlase with the current, wes considered os one nesting sitee
Major oriteria used to defino suitabls nesting gravel were: (1) depth
of water (0.5 = 1.5 feet), (2) size of gravel (1 - § inches in diameter),
(3) 1ts looation on the riff'le, and (4) estinated current velocity.
Application of these coriteria te individual riffles wes oonditionsd by
combinations of many iufluences. Creater water veloclities enable success-
ful spawning in the areas where gravels are large. With lesser current veloci-
ties, these areas are not suitable. Under ecerialn cirocumstances, water
deeper than 0¢5 = 1l¢5 feet is ocortalnly used. Swume riffles oonsist of
sul table gravel, current velocities are satisfactory, end vmter depths
are within the range stated, but the entire riffle may be compacted and
cemented so that it ceannot be used by spawning selmon. Broad standards
of estimate wore set for these surveys. However, much of the accuracy
achieved necossarily depended on the experience and judgment of personnels

On riffles with soattered patches of suitable gravel between large
boulders, each individual nsst site was picked out and counted. The aree
of riffles with larger rocks scattered throughout sulteble spawning gravel
was determined and reduced by a ocorrection factore The correction factor
was found by counting the individual nesting sites on an average cross
section of the riffle and comparing the count wlth the number possible 4if
the entire riffle were suitable gravel. OCn riffles with greatly verying
gravel types, two or moro such corrections werc made as the riffle chenged
in character. The areas of riffles ocomposed entirely of suitable gravel were
divided into 9 by 7 foot sections. The number of sections was comnsidered to

be the spawning capaocity.

Results of Surveys

Ths first 1945 spawning bed survey was started in July when the river
was flowlng 3560 cubic feet per second at the Lewiston gauge. The survey was
completed 10 days later when the flow at Lewlsion was 250 cubic feet per
soconde. Slight correctlons were made to compensate for variable flows so
that the entire survey would show as nearly as possible the number of nests
at & flow of 300 ocublc feet per sacond,

The second spawning bed survey was conducted during the middle of
September when the river discharge at Lewiston weas 100 cubic feet per second.
Results of these surveys are presented in Table 17, which gives the mumber of
nests counted and the comparative effiolency of water and riffle usuage for
spawning at the two flowa, expressed in nests per oublio foot per second per
mile of stream.

In arees where there are broad riffles of fine gravel, the efficlenocy
of water and riffle usage inoresses with increuased water flow. This is
partioularly true of the strotch of river botwsen Grass Valley Creek and
Douglae City (Figure 10) where many broad, shellow riffles are converted
to good spawning sites by increassd Clowse Just the opposite is true of
narrow riffles where the spawning eofficlency is reduced by inoreased flowe
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TABLE NO. 17
SALMON SPAWHING BED SURVEYS ~ 19i5

T
TRINITY RIVER FROM LEWISTOCN DOWISTREAM TO IORTH FORK l}
Length -
) of area MNurber of Nests Nests/cfs/Mile .
Ares, in mi. 700 c¢fs 100 cfs 300 cfs 100 cfs . .
Lewiston -Dam ~
Lewiston 2.0 731 228 1.22 1,14
Lewiston -
Rush Creek 2.0 205 200 .34 1.00 .
Rush Creek -
Grass Valley Cr. 3.5 670 199 64 .57
Grass Valley Cr, -
Lowden Dam 3.5 1,680 469 1.60 1,34
Lowden Dam -
Douglas City 7.0 2,909 8h6 1,38 1,22
Douglas City -
Browns Creek 5.5 811 . 850 .56 1.54%
Browns Creek = Lo e
Junction City 6.5 1,643 695 .84 1.07
Junction City -
North Fork 7.0 71,248 ~w ' L23 .59 .60
37.0 9,897 3,920 .89 1.06
/ e i T
TABLE NO. 18

MINIMUM AVERAGE DAILY FLOW OF TRINITY RIVER AT LEWISTON, NOVEMBER 1-15 -

DISTRIBUTION OF DAILY FLOW IN K0 C.F.S GROUFS

: e ]

Flow 100- 150- 200- 250~ 300- 350~ LOO- MEO. 500~
Year in c,f.s, 149 199 249 299 L9 399 Llug 99 kg
1927 234 X
1928 186 X
1929 116 X
1930 111 X
1931 138 X
1932 103 X
1933 147 X :
1934 405 : X
1935 163 X .
1936 127 X
1937 195 X -
1938 94 X
1939 120 X : .
1940 500 X )
191 304 X .
1942 186 X
19&3 251 X
194 Lg2 X
Totals 4,162 7 4 1 1 1 1 1 1 1
Mean 2731 y
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Nests per cubic foot per second per mile
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Figure 10. Number of salmon nests in Trinity River between Lewiston and

Horth Fork as determined at two different river flows.
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Swifber ourrent und deeper water over gravel on this type of riffle '3
renders it unsultable for spavnlng purposes. BExemples of this con- &
dition can be found between Lewiston and Rush (reek, and between

Douglas City and Browns Creeke ;

Expressed in torms of nests per cuble foot psr second per mile
of stroam, the regults of ths two spawning-ved surveys indicate
that at wator flows batwaeen 100 and 0 cubic feet per second, there
is & very slight decrease in waterwuse efflciency as flows becoms greatere
Since the water-use officlency varies only slightly, there would be little
curve in a liwoe projectsd to show water-Ilow in relation to nesting
ocapacity. Th® change in efficlency between these two points should be
fairly constant becnuse of the countersoting effects of varistions in
nes ting capacity with changes in river flow on the two types of riffles
(broad and narrow) already discussed.

The ourve shown in Figure 11 was derived by calculating a
theoretical number of nests for esch rave of water flow. In this
caloulation the number of nesta was obtained by multiplying the number
of miles of stream by the flow in cubic feot por second and also by
-an efficlensy footore Thls factor was computed by subiraocting from
the observed efficlency factor &t 100 cubis feet por second the deorease
in effioiency from 100 cubic foed per scoond to the rate of flow in
questions The calculation is algebrelocally expressed in the followe

ing formule; -
W=MF B -(E =B "’D ‘
e

where N is the number of the nests; M, the miles of stream; F, the river
flows Ey, the water efficiency faotor at the lowest flow measure; Ep, the

water effioclency feator at the highest flow meesured; L, the lowest flow
measured; n, the number of intervels used between the highest and lower
flow; and 1, the size of the interval in oublo feot per second.

Reing of short durations and variable intensity commonly occur
during the peak of ths spawning peried, but tomporarily increased flows
caused by these rains cannot be oconsidered in determining normal epawning
flows. To elimate errors that might result from these temporary fluctun=
tions, only the minimun flows recordod &t Lewiston during the peak spawne
ing period (November 1-15) over a period of 18 yeers are considered
(Table 18)» The average minimum flow durlng this period is 233 oublo
feet per second, but since the miniumu flow.is below this average in
11 of the 18 years, the median flow must also be less than average,.
Flows above 350 ocubic feot per second might be eliminated a8 erratio
since they result from unusual voeathor conditions and are widely separated
in their cocurrences The sveregs {low with thovse years exocluded 1is 170 .
Oefe8s, which i8 agein greater than the minimum flows of more than half BN
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Figure 11, Number of salmon nosts in Trinity iiver between

Lewiston and North Ferk as rolatsd to a constant

change in avallabilily of gravel &t various
river flows.
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of the years involved. Ths medien flow, therefore, is ztill less,
or very near 150 ocubic feet per second.

Assuming that the Trinlty River salmon porulation is at its
raximun density under present conditdons, end essuming that spawning
gpace is the determining feotor, then, &t a median spawning flow of
160 ocuble feet por recond, 5,647 nests would be oocsupied in the
river between Lewiston dem site and North Fork as determined by
- application of formuls previously dosoribede

EFFECTS OR WATER DEVELORJENT FLANS ON TBE TRIWITY RIVER FISHERY
AKD SUGGESTED MEANWS FOR FISEERY PROIECTION

Resldent geme fishes will be leest affected by the dam build~
ing program on the Trinity River. Movements of these fish are limited
to short migrations up the tributaries whoere they spawn. fhis movenent
will not be interfered with by dam construstion except in the ocuase of
the brown trout which appsars to make extensive migrations. This
species, however, shows remarkable powers of adjusting itsolf to change
. ing conditions and should adapt to any reaccnable set of conditions
- which mey result from dam constructione.

Steelhead trout help to meintein the heavily fishsd resident

rainbow trout population of the Trinity River. Proposed dems will

- blook &dult steelhsad and will eliminate their construction to the
sports fishery above these siructures. The reservoirs formed by the
dams will support resident trout to an unknown degree, and will tond
to offset partially the loss of the gteslhead fishery now existing
above the dam sites. Adult steelhesd might be lifted over the dams
80 that their progeny could bs added to the resident fish populations
Eowever, this addition to the resident population would be temporary.
Losses of seaward migrants in diversion structures would very likely
result in a net loss through such a programs

The effect of the dem construoction program on dece and sucker
populations cannot be stated at this time. The abundance of these
specles will undoubtedly be affecteds Whether thoy lnorease or de-
cronse in numbers will be determined only after the structures are
builtes If they inorease or even maintain thelr present numbers,
they might serve as an important source of food for the resident
trout population. :

Management plans for the anadromous species are neceseerily
based on three salient featurea of the water development plans;
(1) It is certmin that the dams would be too high for economical
or practiocal construction of fish ladders over them; (2) as much
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as possitle of the water developed by the proposed constiruction
progranm would be diverted out of the Trinity River wetershed; and
(3) the location of the structures is highly important. A dam at
the Lewiston site will cut off approximately 50 percent of the river
used by king salmon for spawvning end & pgreeter percentage of the
portion used by steelhead troute A dam at the Browns Creek site
would deprive these fish of nearly 82 percent of their spawning
grounds .

General Frinciples of Opsration

Thore are several general principles of cperation which are
considered essential in eny of the maragement methods suggested.

These prinoiples have been established from experience with other
projeots and are incorporeted herein to avoid many of the troubles
encountered elsewhere.

1. The selected management procedure must be incorporated into
plens of the 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 act as berriers. By this time facilities for the
conduct of any meintenance program adopted should be instelled and operabla.

3. Possible sources of stresm pollution resulting from construction
or its processes must be eliminated.

4. Roleasos at the dams should be made from the lowest possible
level so that a minimum number of resident fieh in ths reservoirs will
be drawn through turbines or turned into diversions, Releases at low
levels in the dam will insure a supply of cold water to the stresm

belowe. 4

Maintenance Plans for Lewliston Dam

Three methods of maintaining the salmon blocked by the Lewiston
Dam might be considered. First, additional spawning area might be
developed by increasing the river flow above normal during the
spawning periodes Seocond, suitable tributery streams might be developed
into spawning areas.s Third, fish hatcheries could be constructed. A
satisfactory management plan mey be found in one or a combination of
these methods.

Development of Additional Spawning Grounds in the Main Stream

A plan for developing additional spawning ereas by increasing the
river flow 1s 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 method of inoreasing the spawning capacity of the river
might be carried out in three general types of operation:

1. A minimum flow sufficlent to accommodate the maximum
population could be meiotained througbout the year.--A minimum
fiow would osll for the least administration, supervision,
construction, and maintenance of fish retaining and counting
structuress This method would be least hazardous for spawning
fish, as it would guarantee adequate water at all timese. The
minimuwn flow required would be 300 cublc feet per sesond. To
maintain such a flew, 217,200 acroe-f'set of water would be needed
and most of this water would be derived from storage. When
spawning, egg inoubation and migration wers not in progress, some
of this water would not be necessary end its flow downstreem might
be construed as wustege. Thlis 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 agenoy.

2 A fixed flow schedule could be established to accormodate
the galmon life historv end what 1s presumed %0 be the maximum spawning
migration.=-A fixed ficw schedule would prescribe water releases through=-
out the year designed to accommodate the life history phenomena of the
salmon es known at the present time (Figure 12)s This schedule would
not very from year 4o year, but would remain the sams regardless of
the numbers of spawning salmon. It would require & minimum of admine-
istration and construoction. Some maintenance and operation of fish

retaining end counting structures would be necessary.

A fixed spawning flow of 300 cubic feet per second during Novembser
would make available the estimated 9,897 salmon nesting sites between
Lewiston dem site and North Fork (Table 19)s Approximatsly 5,600 of
these nesting areas are normmally oocupied, and the additional 4, 300
spawvning areas available could accommodate 11,200 spawning salmon,
using the established sex ratio of 1 female to 1.63 males. Adequate
spawning area for the greatest number of selmon actually counted at
Lewlston during 1944 and 1945 would result from this flow. However,
observetions in the fall of 1946 when no count was made, definitely
indicate that a greater population of spawning salmon wes present and
may have bsen orowded under the conditions of this plan. The amount
of crowding on spawning beds which can oocur without reducing repro=-
ductive efficiency has not been determined, but certainly some could
oocoure Furthermors, 1t is almost certain that the spawning ocapacities
fixed by survey are conservative.

Populations of spawning salmon are known to vary in number over
very wide limits. Studies in California's Central Valley and elsewhere
demons trate variations between years and between cyoles which exceed
500 peroent. The provision of a slight margin is available nesting
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Figure 12. Recommended fixed flow schedule for Trinity River at Lewiston
and its relation to the life history phenomena of king salmon
in that stream. 9
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TABLE NO. 19
FIXED SPAWNING FLOW SCHEDULE AS MEASURED AT LEWISTON GAGE
c.f.8, Acre~feet HNumber Acre-feet

Month at Lewiston per dsy of days per month

January 200 390.7 3 12,298

February 200 396.7 28 11,108

March 200 396.7 31 12,298

Lprii 150 297.5 30 8,526

May 150 297.5 31 9,227

June 150 297.5 30 8,926

July 100 198.3 31 6,149

August 100 198.3 31 6,149

September 100 198.3 L) 5.,951

October 1-1% 100 198.3 15 2,975

16~31 200 396.7 16 6,347
November 300 595 .0 30 17,852
December 200 396.7 31 12,298
Total 120,500
TABLE HO. 20
AVERAGE MONTHLY FLOWS IN TRINITY RIVER
OCTOBER 1931 TO SEPTEMBER 1939
Burnt Ranch Hoova

Lewiston Less Loss

Month Present Proposed® Present lowiston Proposed Present Lawiston Frorosed
{fiows expressed in cubic feet per second) '

Oct. 181.8 151.6 301.0 119.2 270.8 532.8 351.0 502.6
Nov, 4.3 300.0 1256.9  5k42,6 ghe,6 25264 1812.1  2112.1
Dec. 897.6 200.0 1658.6 761.0 961,0 4010.6 3113.0 3313.0
Jan, 80.1 20C,0 2267.6 1287.5 1487.5 6227.3 5247.2 GLL7. 2
Feb, 1L63.1 200,0 2929,7 1h66.6 1666.6 7325.9 5862.8  £062.8
Mar, 2515.0 200.0 4762.¢ 2247.0 2U47.0  10980.0  8465,0 86%5.0
4pr, 3472.5 150.0 5567.8  2095.3 224%5.3  10364.8  6892.3% 7042, 3
May 35544 150.0 5137.4 1583.0 '1733.0  7970.3 4i5.9  b5§5.9
June 1868.5 150.0 2825.6 957.1 1107.1 4198,5 2330.0 2hgo.o
July  U438,3 100.0 777.0  338.7 - u438,7 1275.4 837.1 937.1
Aug, 42,1 100.0 2ls.0 103.9 203.9 Lga, 320.4 2o,k
Sept. 108.5 100.0 158.6 60.1 160.1

“Probable releases at Lewiston for fisn needs,

4
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Uncontrolled flow
average for wateryears
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Flow in thousands of cubic feet per second
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Farrview dam
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The effect of a fixed flow schedule for fish at Lewiston

Figure 13,

on the discharge of Trinity River at various points

downstream.
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areas over the number necessery to accommodate salmon ocounted 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 yoars. A fixed release schsdule for salmon has the added
disedventage of rigiditye It cannot bs quickly or effectively
ohanged when greater or lssser emounits of water cnd spamming
grounds are needed for the proper safeguarding of spawning stocke

A fixed flow achedule 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 ouble feet per ssocond would bte
meintained only during the psriod of heaviest spawning. After spawning
is completed, ths flow could be reduced to 200 cubioc feet per second.
Such a flow will cover all gravel in which eggs have been deposited.
This flow should be maintained wntil the end of March when all but &
very few of tho young salmon have left thelr nests. The river flow
should be not lsss than 150 cubic feet per second during April, May,
and June, to adequately provide for steelhead spawning and hatchinge
The flow should not be less than 100 oublo feet per second from July
1 to October 15, The summer flow schedule (April through October 15)
should insure the seavard migration of young salmon during April, May,
and June, and the upstreem adult migreiion from the end of June until
the flow is inoreased %o 200 cublo feet per second during the last 16
deys of October to provide for the spring and sumier runs that nomally
Btart spawming at that time.

The effect of this flow schedule on average river discharges below
lewiston is shown in Figure 13 and Table 20, The comparison presumes
total diversion or storage of all other flow at Lewiston. The main
river flows during summer are relatively unaffeocted. Flows during
the steelhead spawning season are considerably reduced between Lewiston
and Burnt Ranch and mey meke the river bed more suitable for the spewning
of this specles,

Fish=tight ocounting structures should be built near the Union Hill
Pipe Crossing two miles below the Lowden dam site, and at a site to be
selected betwesn Douglas City and the mouth of Brownms Creek. These
barriers would divide the spawning grounds into three areae of nearly
equal capacity and prevent a congestion of spawning fish in any one
aregs A trap and sturdier fish barrier should be installed at or near
the present lewiston weir to be used if it becomes necessary to transfer
fishe The Lewlston barrier should bs maintained as & means of preventing
undesirable concentrations of fish irmediately below the proposed Lewiston
dam where practioally 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 this small stream by steelhead troute.
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Fish barriers should consist of ooncrete dama 10 to 15 faet
high, with long, shallow apronse. They should be equipped with high
standard fish ladders adapted for ease in counting the fish pecsing
over them. The leddere should also be fitted with effectlve closing
devices., Tho burriers should be strong encugh to withstend floods
which might be anticipated following construction of the dems and should
be loceted where spawning sreas are restricted and where a minimun of
gravel will be inundated by their forebayse.

3« The flow could be regulated to produce cnly the amount of
spawning arce needed each year, depending on the huwiber or miprentse--
Reguletion of tho {10W tO approximate ThHo Noeos of migretory tlches
on &n annual basis would require reservoir operatlion similar to that
in type 2, but with variable spawning flows. Regulotion of the spawning
flow oach year to meet neeods of the particular sslmon population would
be more expensive to oporate than other plens. It would ocall for the
cons truction of an additionul fish block and counting structurs neur
the Horth Fork of Trinity River that would of necessity be sufficiently
maesive to withstend any floods that might occour,

The plan for each year would be based on counts by resident
biologists of migrating salmon and steelhcad made as they passed
North Fork, which is presumably far enough downstrecam to allow flow
gchedule determination prior to thes actuvel need. This system could
be haszardous for the salmon, as their migretion past North Fork mey
not be completed before the peek spawning period starts below Lewlston.
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 detsrmined by ths cumulative counts obtained at
the counting station near North Forke The flow would be increased in
accordance with the need for additional nesting capacity between Lewlston
dam and North Fork as determined from Table 21le. This plan would utilize
both water flow and spawning areas most effectively.

Probabls water requirements for this plan, had it been in operation
during 1944 and 1945, ere given in Table 22« The peak spawning period
would have required a release of 280 cubie feet per second in 1944, and
250 in 1945, These flows are conservative as thoy only provide additional
sparning area for the number of salmon actuslly ocounted at Lewiston, and
do not provide for selmon passing Lewlston before and after the counting
periode The spawning flows given in Table 22 were determined by edding
the number of nests needed for counted fish to the number of nests
normally occupied in the spawning area (5,647)e The spawning population
passing 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 por second from Table 21,
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TABLE NO. 21
KING SALMON SPAWNING IISTS, TRINITY RIVER

 Mhm e

Lewiston Dam Sito Lewiston Dom Sibo Grags Valley Crack
to North Fork to Grass Valley Creck to North Fork
Flow Nests/c.f.s. Nuber Nests/c,f,s. FKumber Neate/c.f.s. Nunber
c.f.s, per Mile of Wosts por Mile of Hests por ¥ile of Nogts
¥ B N B N B %
50 1.1014 2,038  .&666 324 1.1611 1,724
60 1.0930 2,u26 . 8604 387 1,1522 2,039
70 1,0846 2,809 L8943 kg 1.1432 2,361
80 1.0762 3,186 JBUB2 507 1.13u2 2,677
90 1,0679 3.556 . 8lal 568 1,1252 2,987
100 (1) 1.0595 {E1) 3,920  ,8360 (%) 627  1.1163 {&y) 3,293
110 1.0511 278 8299 685 1.1073 3,593
120 1,0426 4,629 8238 Th1 1,038 3,888
130 1,0343 4,975 .8176 797 1.089& L 118
ko 1,0259 5,314 8116 g52  1,0804 L, g2
150 1.0175 5,647 . 8054 906 1,074 4,741
160 1.0091 5,974 <7993 959 1,0624 5,015
170 1,0007 £,294 . 7932 1,011 1.0535 5,283
180 .9923 6,609 L7871 1,063 1,045 5,546
190 . 9839 6,917 . T810 1,113 1.0355 5,804
200 .9755 7,219 JTT49 1,162 1.0266 6,057
210 L9671 7.514 . 7687 1,211 1,0176 6,304
220 «9588 7,805 . 7627 1,258 1.0086 6,546
230 .950k4 8,088 . 7565 1,305 .9996 6.782
2L . 9420 8,365 ,7§ou 1,351 .9907 7,014
250 .9336 8.636 o THUZ 1,396 .8817 7,240
260 .9252 8,900 7382 1,h439 .9727 7,461
270 <9168 9,159 .7321 1,483 .9638 7,677
280 .908u g,h11 o 1260 1,525 ,9548 7.887
290 +9000 9,657 .7199 1,586 9u5g 8,091
300 (Fy) 8916 (Eo) 9,897 .7128 (Ep) 1,606 9268 (E) 8,291
310 8832 10,130 L7077 1,65 .9279 8,486
320 vszgs 10,358 . 7C16 1,684 .9189 8,674
330 . 855k 10,579 6954 1,721 .9099 8,858
zho 8581 10,795 .6893 1,758 .9009 9,036
350 . 8UEQ 10,647 6832 1,793 .8920 9,210
Ey or Ep = Em%”H E ® Efficioncy Rating
, — E1 = Efficiency Rating at low flow.
B3z - (?_1_:_1_3@) F- F1)§ E; = Efficicncy Reting at high flow.
n i __J n = Number of intervals between Ej & Ep,
N=EXF XN %.‘ : ;izs of intecrval in c.f.s,
Fj = Flow at E; in c.f.s.
N = Fumber of nests.
M - Milecs of river,
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PROBABLE WATER RZQUIREMENTS FOR A CONTHROLLED SPAWNING FLOW

TABLE 110, 22

s et

1944 1945 Probvable Maximum
Flow at Lewiston “low at Lewiston Flow at Lawiston

Month C.F.S. L%, C.F.S AP, ¢.E.S. AR
January 187 11,498 167 10, 264 213 13,971
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 g,223% 150 9,223 150 9,223
June 150 8,926 150 8,926 150 8,926
July 100 6,149 100 6,1U9 100 6,149
August 100 6,149 100 6,1u9 100 6,149
September 100 5,951 100 5,951 100 5,981
October 1-15 100 2,975 100 2,975 100 2,575
16-31 187 5,935 167 5,300 213 6,760
November 280 16,661 250 14,876 320 19,042
December 187 1,498 167 10,264 213 13,971
Totals 115,775 108,542 127,64

TABLE NO, 23

ESTIMATED RUN-OFF

ON PORTICN OF TRINITY RIVER DRAINAGE

FOR SALMON FISHERY STUDIES

Average inflow Lewiston dam sito
to Lowden dam site 1917 to 1940,

inclusive
Month Acre Feot C.F.S,
January 3,430 56
February 5,870 106
March 7,500 122
April 10,019 168
May 10,120 165
June 4,750 80
July 1,220 20
Avgust 430 7
September 370 6
October 620 10
November 2,366 Lo
December 3,ﬁzo 56

U. S. Bureau

of Reclamation data,



The estimated 1946 requirement of 128,000 acre-~feet of water
for this plan (Table 22) is the amount needed for 15,000 salmon which
are believed to have passed Lewiston in 1946 The 1946 estimate was
esteblished from observations of concentrotion on spawning beds during
that year ocompered with observed conoentrations in 1944 and 1945 when |
actual counts were made.

Because of the unreliabllity in flow of tributary streams immediately
below Lewiston, required stream flows should be measured at Lewliston dam,
As shown in Teble 23, there is very little wator entering the river be-
tween Lewiston and Lowden during the salmon nesting season (Ootober-
December)e This early fall inflow is supplied almost entirely by
periodic rains, end in dry years 1t would be negligible in its effect
on selmon spawning oconditions. It is, therefore, nececsary to request
a quantity of reservolr water for fishery manegement equal to the amounts
required by ths plens discussed herein, %o be certain of produeing proper
spawning condltions each yeare.

The studles that preoceded the formulsation of these management plens
were mede during a poriod when no mining &ilt was introduced into the
river in the major areas involved. These plans, if they are to be
supcessful, cun be placed in operation only undsr similar conditions,

If a heavy load of mining silt were allowed to enter these crowded
spawvning areas, the fishery might be sericusly threatened. Regulated
flows are far below those normally encountered fellowing salmon spawne
ing under natural conditions; thus 8ilt could settle out repidly, impact
the gravel, and suffocate eggs and young fishe Therefore, stringent
measures must be taken 0 thet no mining silt will be introduced into
the river during the salmon and steelhead spawning and hatohing periods
(October 1 through July 15). .

Improvement of tributary stroams

Four streams tributary to the Trinity River below the Leswiston
dam site might be developed for ssalmon and steelhead spawning. These
are Rush Crecek, Browns Creek, the South Fork of the Trinity River, and
Bay Fork, e tributary to Scuth Forke. Rush Creek and Browns Creek are
avellable for selmon spawning only after rains increase their flows,
and the South Fork hes spring and fall migrations of salmor each year,
No saelmon spawn in upper Hay Forke

Each of these streams has been studies to determine the extent
to which it might be developed for salmon spawning. Information obtained
is not complete, but enough data have been gathered to show relative
possibilitiess It has not been possible to make spawning bed surveys
of these streams during optimum flow conditions. Surveys have boen con=-
duoted, however, to determine the gencral stream types, and nest counts
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have been made on Rush Creek and Parts of the South Fork at lower than
optimum flowse With this information, tho approximate nesting cepacities
of the tributaries at thelr optimum flows have been estimated. Using

the nests per cubic toot per sscond pzr mile factors, established for
portions of the Trinity River at the 100 cublc feet per second flow,
nesting capacities were computed for comparable portions of the tribu-
taries at their optimum flows (Table 24) Normel spewning flows for
these stresms were set up by evaluating ctatements mads by people living
along the gtroams and comparing this inf'ormation with the few flow
records that are available.

Improvement of these streams could probably make an additional
3,566 nests aveilable for 9,376 spawning salmons In order to meke these
nests available, additional water developuent on sach stream is necessarys
Rather lerge storage dems should be built in the upper portions of each
stream drainage to provide & constant and adequate minimum flow during
the entire yesre Greater flows would be necessary when spawning ocourss
It would be desirable to remove several obstructions which are barriers
to fish migration durlng low water periods. Natural barriers obstruct
fish movements into Hey Fork Valloy. Artifiocsl doams and diversions
bloock from access miles of spawning areea in Browns and Rush Creeks when
water flows are low,

Two methods of developling salmon runs in these streams, sfter
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 streams or present in the main
Trinity off ¢their mouths could be left to take over the new spewning
areas and develop natural runs to offset losses of salmon blocked by
the Lewiston dame. Experience would dictate the latter course of aotion,
although it may be very slow and gradwal in developinge Tronsferring
adult salmon 18 a costly process, not only in money, but alse in fishe
It is generally better to encourage & native seed stock to increase in
abundance than to introduce a foreign race which may or may not adapt
to the new asituation, Thie attitude is espeocially applicable to the
South Fork of Trinity Rliver and it%s major tributery, Hay Forke. 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 cogtly and might result in serious disruption of the normal habits
of the entlre anadromous fish populations There are no means available
whereby fish headed for the area above Lewlston cen be segregated from
thoge using the river below that point.

Perhaps the most serious 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. Tenk trucks sultable for hauling adult salmon
are very heavy and would operate in months when roads are wet and slipperye
It is doubtful tha%t any transfer progrem oould be successful without major
road construotion and bridge strengthening projects preceding the actuul

truck oporation,
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TABLE NWO. 2u4
MINIMJM FLOWS REQUIRED
FOR DEVZL(PLENT OF SPAWNING AREAS
IN TRIBUTARIES

T

Trivutary Hov,-ipril April May June July-Sept, Oct. Locat ion
South Fork
Trinity River:
at Forest Glen 100 - 100 80 65 50 50 S13 T1S R7E HM
(Forcst Glen)
a} Hyampoin 200 100 100 100 100 150 S$26 T3N RGE HM
(Hyampom)
Hay Fork 100 100 60 20 10 70 52 T30N R11W MDM
(BEast Fork)
Browns Crock 65 4o 30 20 10 50 8519 T31N RgW MDM
(Bast Fork)
Rush Creck 45 35 25 15 5 40 S23 T3UN R9W MDM

(Below China Gulch)

SALMON SPAWNING CAPACITIES OF TRIBUTARIES

E=aTeE TR

Water flow Mumber of lests Pogsible Increase
Tributary - Present Incrcascd Present Increased Nests  Salmon
South Fork 100 cfs 200 cfs 1,418 2,432 1,014 2,667
Hay Fork 20 100 0 1,300 1,300 3,19
Browns Creck 20 65 370 1,200 830 2,183
Rush Creck 15 45 211 632 4oy 1,107
3,565 9,376

e 15

»

e
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Transfer of Trinity River salmon from the main stream to
improved tributaries would not save any significant queantlities of
water for the projecte Minimum flows ranging betwesen 100 and 200
cubic faet per second would have to he relessed from the Lewlston
dam to satisfy wster users, to maintain the resident fish population
in the river below, and to provide adequate apawning grounds for the
sa.lmon end steelhead populations which use the mainstream below
Lewiston,

Artificial propagation

A third method of accommodating the salmon normally passing
ebove the Lewlston dam site to spawn is artifical propagation. As
yet, hatcheries have not proved themselves capable of mainteining
large runs of king salmon. Therefore, this method cannot be recommended
for the Trinity River at this time.

Adequate sources of water suited to hatchery operstion are very
scarce in the Trinity drainage below Lewiston. Many streem flows are
c0old enough, but they are irsufficient in volume to supply a hatchery
large enough to accommodate present runs of fishe. Plenty of water of
fair quality could be obtained from the reservoirs to be builte. How-
ever, such an arrangement would require that a hatchery be looated
near the Lewiston dam site. The hatchery would need approximately 50
cublie feet per second of water for operatione In addition, sufficient
water would heve to be released to the river to bring salmon and
steelhead to the hatchery. CQuantities of water involved in this
latter operation would exceed 100 cubic feet per sesond. Very little
water would be saved to the project through artificiel propagation.

Maintenance Plang for Browns Cresk Dam

The construction of a dem at the Browns Creek site would out
off epproximately 82 peroent of the part of Trinity River used by
gelmon for spawning. Optimum development below Brovns Creek could
produce only 1,800 additional nests in the main river. Development
of the South Fork end Hay Fork, which are the only suitable spawning
tributaries below this dam site, would produce 2,300 additional salmon
nestse Together, thess additional nests in the river and tributaries
would provide for only 10,700 of a possible 21,000 1/selmon that would
normally spawn above the deme 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 becauss

of the very questionable outoome.

}/L- Determined by estimating the natural salmon population between Browns
Creok and Lawiston, using the number of nests at the normal spawnling
flow (150 c.fe8.) in that ares, and adding the maximum number of
salmon counted at Lewlston,
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Steelhead Maintenanos

K
7

Maintenance of the steelhead trout population would not /
present the serious problems inherent in the perpstuation of salmon /
if a dam is constructoed at the lewiston site. These fish aro believed
to spawn voluntarily in ths lower reaches of the river during low
wator years and their nests aro made during the spring run-off period,
Muoch steelhead spawning takes place in tributarics in the main river
below Lewlston which are all carrying ample water to produce adsquate
available gravel during the steelhsead spawning period.

To accommodate steelhead spawning in the river, & flow of 150 c.f.c.
would be roquired during the steelhead spewning period. This flow is
included in &ll flow schedules 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 additional
spawning area availeble in the main river for steslhead blocked by the
dame. Tributery inflow peaks during the steelhsad spewning season end
should be falrly reliable from year to yoare These tributaries are, at
present, under-populated with epavming steelhead. If mining silt can be
excluded from tributaries during the spawning and incubation period
(February 15 through June 15), they would be better suited to accommodate
part of the stselhcad held back by the Lewiston dem. Major steelhead
spawning tributaries below Lewiston dam site are Rush Creeok, Grass Valley
Creek, Indiean Creek, Redding Creek, Browms Creek, Canyon Creek, &nd the
North Fork of the Trinity, including its Eest Forke

Browns Creek dam would present a mejor problem in connection
with steslhead spawninge Only two of the major spawning twibutaries
are béelow this dam, thus en unknown number of these fish would have to
be diverted into the South Fork, or removed into a hatchery, or bothe
Nelther possibility would seem feoasible when i1t is considered that
streams and hatchery facilities would have to be developed to & maximum
for the salmon alone, and a project including steelhead salvage would
involve operations of unprecedented proportionse.
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