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INTRODUCTION 
1 

I 
Demands for additional water supplies for irrigation and pro-

/ 
duotion of hydroelectric power in 'the Central Valley and adjacent areas 
in Calif'orni.~, foous ed attention on the upper Trinity River drainage as 
a possible source of supply. Plans to divert Trinity River water into 
Sacramento Valley from that area were formulated and published in 1931 
as a part of the california State Water Plano These plans were further 
studied and refined by the u. s. Bureau of Reclamation and u. s. Army 
Corps of' Engineers and by 1941, their realization seemed certain. It 
was also apparent that diversion of Trinity River water would seriously 
affeot the fishery resources that are dependent upon the upper river, 
particularly king sa~on and steelhead trout. In order to determine 
the rnagni tude and biological characteristics of these resources and to 
design management plans and procedures for their protection, the u. s. 
Fish and Wildlife Servioe conducted a comprehensive survey and study of 
the entire problem. Major features of the study involved determination 
of: (1) the size and composition 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 environmental factors. 

Work was 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 
upstream from the river's mouth. Studies of some of the biological and 
physical conditions of the stream were also started during November of 
1942. The temporary fish counting weir was replaced with a removable 
structure in late 1943. Because of wartime impediments, uninterrupted 
studies of the Trinity River fishery covered a period of on~y .. two years. 
As a result, it is impossible to make positive and final conclusions. 
This report, therefore, is an interim report with most findings and con­
clusions subject to possible revision pending further investigational 
findings. 

Trinity River. l argest 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 con­
fluence with the Klamath 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. Numerous small tributaries 
and the upper part of the main stream furnish adequat~ spawning ground 
for large numbers of anadromous and resident trout. Like many of the 
rivers in the northern california, its run-off pattern consists of extremes 
in flood and in drought. During summer, its flow is extremely low. In 
winter and spring, it rages destruc:tively when in flood and discharges 
much of its annual run-off • 
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The Trinity and its parent stream, the Klamath, have been fish-
ing grounds for Indian tribes for ages. Well established trada routes 
from the interior to the sea passed through or terminated in the Klamath 
and Trinity country where a lively oommeroe in shells and dried fish 
existed. Thousands of king salmon, silver salmon, and steelhead trout 
ere caught by the Indians living in Klamath and Hoopa territory (Hewes, 

1942). These Indians were highly skilled in fishing. They constructed 
fish weirs of logs, poles, and brush across the rivers and speared or 
netted the upstream mlgrant salmon, trout, and even lampreys. These weirs 
r emained -in the stre~s as virtually impassable barriers until the first 
rains of autumn replenished river flow sufficiently to wash them away. 
Year after year the weirs were installed according to strict ritual and 
procedures (Snyder, 1924). In modern times, most of the fi s h weirs have 
disappeared. One is usually built each summer at Hoopa on the lower 
Trinity River and below it the Indians seine, spear, or operate gill nets. 
Salmon and steelhead are dried, smoked, canned in the Reservation ce.nnery, 
or used fresh. The Indians praotice conservation of a sort1 part of the 
migrating salmon are allowed to pass the weir through gate11 installed for 
t hat purpose. 

Trinity River has long been famous as a gold-bearing stream. 
In earl y times, some rather large communities occupied its banks and 
most of the presently existing towns are remnants of these settlements 
whi oh degenerated following exhaustion of the major placer and hard-rock 
gold deposits. Extensive gravel deposits above North Fork have been 
dredged for golde Great spoil piles of barren gravel constitute the 
immediate strewn bank for mile upon monotonous mileo The original 
character of the stream and its adjacent flats has been seriously altered. 
Same isolated dredge operations still go on in the drainage and, at times , 
the s t ream bears great quantities of silt in much the same manner as i t 
did fo r 76 years or more follavdng the discovery of gold. 

A vigorous commercial fishery on Klamath River began shortly 
after gold-mining started. The early fishing efforts were for local 
supplies and usually concentrated on the riffles of the rive r and its 
tributaries. Canneries began operating on the Klamath estuary prior to 
1892 and reached a high state of developnent by 1912 (Snyder, 1931) • 
Ove r -fishing and possibly mining soon made noticeable changes in the 
abundance of king salmon. Early records given by Snyder indicate a 
his t orical peak in the Klamath River commercial fishery occurred in 
1912 when over 1,384,000 pounds of fish were packed from a ~atch of 
approximately 141,000 salmon. Records for that year are incomplete 
and consist of estimates applied to portions of unreported packs . The 
1915 paok is recorded more completely; about 1,232,229 pounds of salmon 
.,rere packed from a catch approximating 72,357 king salmon. 

Essential features of the Trinity development plan oons i s t of 
an earth-fill storage dam about 352 feet high, built in the vi cinity 
of Fairview ouartz Mill (see map)J a divers ion dam about 110 fee t high 
located just above the town of Lewiston, california; and a series of 
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tunnels; power plrmts, and canals leading fro:n the diversion dam to the 
Sacrnr.lOnto River a'~Jove Keswick Dam. A second plan contemplates con­
struction of a storage dam near Browns Creek, some 6 miles below Douglas 
City. Wa. tar from this reservoir would be pumped to the di vorsion tunnel 
abo...-e Lewis ton. The point of diversion from the Trinity River at Lewiston 
is about 1300 feet above the Sacramento River. 

Dams at the Fairview and Browns Croak sites woulj be high barriers 
insur.nountable by present type of fish ladders. Reservoirs formed by 
t hese da..rns would be very long, extensive, and would cover much of the 
axis t1.ng spawning grounds of anadromous fishes. 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 
dovmatream without suffering 111B.terial losses. Mos-c of the water would 
fl~N into the diversion tunnel and with it the majority of the youDg 
salmon and trout produced upstream. 

Al!T'.ost without exception., Trinity River saL-non migrating above 
the South For.lf_spawn in the 72 miTeB"'·o·r'- river -· batween the -North Fork 
and Ramshorn Creek. In addition to the main river, tltree tributaries 
are used by spawning salmon. A dam at the Lewiston site would cut off 
35 miles of the main river and all of Stuart Fork, the most important 
sp~wning tributary. The salmon would be blocked from approximately 
50 percent of the_!_! na. tural SP!i'Wl}in_g_gr,q_u~~-!n _the U..PP.er__tr:ilrl:.ty..!. A 
da mat the Browns Creek site would cut off the remaining two spawning 
tribu~aries and 59 miles of the main river spawning area. This d&m 
would eliminate ~e 82 percent of the natural salmon spawning area . 

--~~- --- ·--
Appreciation is expressed for the help given by the State of 

California Division of Fish and Game and by many persons - who were 
connec ted with the work from time to time. Among these were Dr. Paul 
R. Needham, who directed the project unti l the end of 1944, Harry A. 
Ranson. George Warner, Owen Vivian, William H. Davenpor t, Mi llard 
Cbots, Donald Drake, s. N. McKinsey, Norma.n Mattoon and many residents 
of Lewiston who assisted with work on the project. Much of the infor• 
mation included has been generously supplied by the u. s. Bureau of 
Reclamation, u. s. Engineers, u. s. Forest Service, and the u. s. 
Geological Survey. The Indian Agency at Hoopa.. on the lower Trinity 
River, also cooperated. 

This investi gati on was supported by funds transferred to the Fish 
and Wildlife Service by the Bureau of Reola.ma.tion. It was considered 
a vital part of the pre-project engineering and exploratory work con­
ducted by the Bureau of Reola.ma.tion. The study was terminated in 
August 1946, when the Bureau of Reclamation oeased active work on the 
Trinity River diversion project. 
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PHYSIC!\.L CHARACTERISTICS OF l'RINI'IT RIVER 

~·tnity River is approximately 159 miles long and drains a semi­
wilderness area of approximately 2,900 aquare miles. It is divided 
into five more or lass distinct sections which have a direct bearing on 
the utilization of the stream by spawning and juvenile anad~omous fisheso 
Th9 upper.most 18 miles of the river from its source to Ramshorn Creek 
are precipitous (gradient 222 ft./mile), the channel is narr~, gravel 
riffles are very liroi ted, and the bottom is covered with large boulders • 
The 12 rni les of river between Rrunahorn Creek and Trinity Center traverse 
a broad valley into which many small tributary streams enter. The stream 
has a gradient of 58 feet per mile and meanders through wooded and pasture 
lands wherever gold dredges have left the original terrain. Its ~hannel 
is broad and gravelly with large extensive riffles alternating with deep 
pools. From Trinity Canter to North Fork, the gradient is less se·.·ere 
(15 ft./mile), water volumes are greater, and very extensive riffles 
charaoteri~e the channel. Most of the spawning grounds of' salmon are 
located in this 60-mile section of stream. Betwesn its North and South 
Forks the river passes through a rocky canyon 40 miles in length. Water 
flows are concentrated and made turbulent and exceedingly rapid by the 
narrow confines whi ch typify this canyon. Gradients are more severe 
(23 ft./mile) and volwnes of flow, in relation to channel capacity, are 
relatively great. The Trinity between South Fork and its confluence with 
Kalmath River meanders (gradient 12 ft.JIDile) the l ength of beautiful 
Hoopa V~l1ey (29 miles) and is characterized by broad gravel riffles 
alternating with large, deep pools. 

Run-off and Flow 

The run-off characteristics of Trinity River aro quite similar 
-to those encountered in most California streams. The great bulk of tho 
annual run-off occurs in win tor, while summer flows are quite low (Figure 
2 Table 1). At Lewiston gaging station the extremes of flow between winter 
and summer are represented by a high flow of 40,300 second-feat recorded 
on February 28, 1940, and a low flow of 2 3 second-feet recorded on July 30, 
1924 (u. s. Geological Survey data). The average annual run-off is 
1,106,454 aore-feet as measured at Lewiston, and 3,811,520 acre-feet at 
Hoopa, about 10 miles above the mouth. 

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 eaoh year. The volume of annual run-off from the 
drainage above Lewiston had a 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 1945. 
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TABLE NO. 1 

AVERAGE DAILY FLO'« IN CUBIC FEET PER SECOND 

TRINI TY RIVER AT LE'i'ITSTON WATER YEARS 1928-1942 

Apr . May June July Aug. 

• 
Sept. Oct. Nov . Dee. 

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, 2 5~ 3, 799 2,607 991 240 148 158 334 1,341 
3 1,400 2 ,436 2, 714 3,205 3,694 2 ,549 953 232 141 179 343 1, 347 
4 1,437 2, 779 2,526 3,539 3,583 2,592 893 223 136 179 394 733 
5 1,171 2,354 2,475 :3,21_'7_ ____ 3,435 2 , 676 857 215 134 163 392 599 
6 1,018 -~--;92-9~-268 --z-, 933 3,443 2,635 821 207 133 155 336 522 
7 1p028 2,747 2 ,124 3,017 3,447 2,600 790 201 128 150 310 489 
8 1,085 2,592 2,134 3,071 3,575 2,425 749 198 126 148 296 481 
9 1,166 2, 377 2, 308 2, 982 3, 873 2, 334 724 194: 127 151 536 766 

10 1,_].75 - 2,243 2,348 2,917 3,905 2p303 693 189 128 145 510 2,174 
n 1, 45o 2,263 2,277 2,993 4,048 2..,346 638 iss 127 142 506 2,893 
12 1,191 2,005 2,803 3,032 4,283 2,296 605 182 128 144 388 1,696 
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 4,359 2,107 561 171 130 163 476 2,250 
15 1,940 1,~2_6 __ ~~305 3,953 u 4_,126 _ __ 2 , ro9 540 167 134 175 813 1,859 
16 1,464 ____ T;"t46--Z.693 3,723 3,973 2, 468 5l5 164 130 163 655 2,383 . 
17 1,281 1,524 2,431 3,428 3,718 1,981 499 161 127 156 663 1~407 
18 1,181 1,492 2, 529 3, 454 3, 490 1, 799 464 166 124 153 555 1, 478 
19 1,277 1,503 2,751 3,541 3,187 1,659 439 161 125 149 708 1,365 
20 1,167 1_,601_ __ 2,60_! _ _ ~?26 __ ·· · _ 3,_344 .• 1,552 417 156 127 142 1,817 1,546 
21 1,075 1,972 2,579 3,661 3,589 1,497 403 151 126 190 944 1,485 
22 1,201 2,oo8 2, 589 3,631 3,894 1, 471 387 u e 125 199 715 1,261 
23 1,579 1,736 2.508 3,699 3,819 1,444 372 144 121 194 1,078 1,174 
24 1,723 1,697 2,420 3,677 3,931 1,358 347 141 119 186 715 1,273 
25 1,877 1,919 211476 ___ _ 3,518 4. 517 .. _ 1,269 328 138 118 210 578 1,160 
26----2~U3 2,143 3,39T~-412 --3,8o4-~--1~T94 310 137 1~o-z-o1 ____ __ .. 578 Y,127 

27 2 ,167 3,132 3,801 3,422 3,383 1,154 295 lSS 125 219 506 1,237 
28 1, 671 4 , 779 3, 767 3, 565 3,156 1,125 287 134 134 204 531 1. 024 
29 1,547 - ---- 3,639 3,757 2,967 1,088 275 134 137 257 654 988 
30 1,501 ----- 4,122 3,840 2,821 1,066 265 135 137 256 738 1,072 
:sr---1,474 - - --- - 4;J.o6 -~=_-_-:._=_-~:..-~ =-~-,:OJ~~~~-~:=~---=~-..:-~=-===T5s ___ T33-~~ --~ •- -~:.-- ·:sso ___ ~-. -_.::-:---T,2s5 
Me an 1, 436.6 2,160.5 2, 8()9;!--~~n.() --- ~3-;o79.0 ___ - r~95't~l- u- -5s'r.·s-l73.-:r- u - - 1~9 ;;-z--179~7-- ---59:3.9 1,30T~1 
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Figure 2. Average monthly flow of' Trinity River at Lewiston 
during water years 1928-1942. 
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The general run-off pattern over the entire Trinity dr~inage 
varies somewhat from that recorded nt Lewis ton. '.M1.e spring run-off 
pe~k at Burnt Ranch occurs a month earlier than the peak at Lewieton 
(Figure 3). Inflow from many small tributaries which drain o.n area 
with little snow accumulation contributes most of the earlier run-off 
at that point. River flow at Hoopa, including the inflow from New River 
and the extensive South Fork drainage, reaches a spring run-off peak in 
March, two months earlier than the peak at Lewiston. 

River Temperatures 

River tamperatures at Lewi s ton we re recorded daily from November 
1942 through July 1946 (Tables 2-5 and Figure 4). Temperatures were 
taken with a hand thermometer three times each day, at 8 a.m., 12 noon, 
and at 6 p.m., until January 1945. Following that date, continuous 
temperatures were recorded by a thermograph. During most of the year, 
the river reached its maximum t emperature at about 5 p.m., and its 
minimum at 8 a.m.l consequently, temperatures taken by hand thermometer 
at these hours closely a pproximate the extremes . Average daily tem­
peratures after Je.nuary 1945 were conputed from thermograph records 
by taking the mee.n of temperature readings at two-hour intervals 
during a 24-hour period. 

Trinity River is warmest during July and August when spring and 
summer salmon are holding over in the main river. The maximum water 
temperatures and dates of occurrence for years of record are as fo11owss 
78Dr., on August 13, 1943; s1Gp., on July 24 and 27, 1944; and 83Gp., on 
July 27, 1945. Temperature records were not complete enough in 1946 to 
show the highest temperature with certainty, but a high of so.sor., was 
reached on July 22, 1946. The maximum temperature recorded for 1943 
may not be the true peak tempere.ture for the. t year, as it was taken from 
partial records made during August and September. A temperature of 
SOOF., or higher was recorded on 9 days during the summer of 1944 and 
27 days during the summer of 1945. As a result of experience gained at 
Doer Creek Station on Sacramento River, California (Moffett, 1949), 
aoGp., is considered lethal or near lethal for king salmon. The same 
~pecies is able to survive when surface temperatures are above ao<T., in 
!rinity River by remaining in the cooler waters of deep holes along the 
river. In August 1944, water at depths over 8 feet in one of these 
large holes was 7~., cooler than surface water. 

The daily temperature range is of interest when considering the 
effect of maxima as lethal agents. To illustrate this range in Trinity 
River during summer, the hourly record for July 27, 1945, is presenteds 
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12:00 Midnight 74.0 9 rOO A. M. 71.5 5:00 P • M. 83.0 
1:00 Ao • 73.5 10:00 A. M. 73.5 6:00 P. M. 82.5 
2:00 A.. Me 72.5 11:00 Ao M. 75.0 7:00 Po M. 81.5 
3:00 A. Mo 72.0 12:00 Noon 77.0 8:00 p. M. 80.0 
4:00 Ao Me 71.5 1:00 P. M. 79.0 9:00 P. v. 79.0 
5:00 A. Mo 71.0 2:00 P. M. 81.0 10:00 P. M. 77.5 
6:00 Ao M. 70.5 3:00 P. Ma 82.5 11:00 Po M. 76.5 
1r00 A. Me 70.0 4t00 Po M. 83.0 12r00 Mid..; 
8 rOO A. M. 70.5 night 75.0 

During 7 hours of the day, water temperatures were above 800F., while 
during 11 hours, temperatures were below 75cr. Between 9 a.m. and 
4 p.m., the river temperature rose 11.5 degrees, and between 6 p.m. 
and midnight it fell 7.5 degrees. 

On July 4, 1945, a recording thermometer was installed at 
Junction City, some 28 miles down riv~r from Lewiston, to determine the 
warming effect of hot summer weather on the river between these two points. 
The maximum, minimum, and average daily water temperatures recorded at 
this station are given in Tables 6 and 7. A maximum temperature of 
85'T-.wa.s recorded at that station on July 27, 1945, the se.me day the 
peak temperature of 83~ .. was recorded at Lewiston. !he hottest days 
or the summer were July 26 and 27, when a maximum air temperature of 
l080F •• was recorded at Lewiston on both days. The river temperaturA 
r eache d or exceeded socr., on 32 days in the sunmer months at Junction 
City. During July and August, maximum water temperatures at Junction 
City ere one or two degrees higher than Lewiston water temperatures 
for t he corresponding day. Temperature records at Junction City during 
1946 were too incomplete for analysis. 

EXISTING BIOLOGICAL CONDI 'l'IONS 

Non-game Fishes 

The Klamath black dace, Rhinichtys osoulus kl~nathensis (Evermann 
and Meek) , and the fine-scaled Klamath 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 dre.inage. 

The Klamath blaok~ce is the most numerous and ubiquitous species 
found in the Trinity River. It inhabits all stream sections except the 
headwaters of' some tributaries. The dace is a small fish in the Trini tyJ 
the l argest individuals seldom exceed a fork-tail length of 3.1 inches 
(80 mi l limeters). During the summer low-water period, Klamath black dace 
are seen i n very large numbers in pools along the river. They are almost 
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T.Al3LE NO. 2 

DAILY RIVER TEMPERATURE, TRniiTY RIVER AT LEWIS'.rON 

1 9 4 2 1 9 4 3 
Nov. Dec. Jan. Feb . l-iar . Apr. May Aug. Sept • 

Da.y Bam 5pm Bam 5pm 'Bam 5pm Bam 5pm Bam 5pm Bam 5pm Bam 5pm Bam 5pm Sam 5Pm 

1 44 41 In 39 4o 42 43 45 49 48 53 
2 53 53 43 44 41 41 4o 42 43 44 47 49 49 52 
3 53 53 42 43 41 41 42 43 44 45 47 51 50 52 
4 53 52 41 41 41 41 42 42 45 46 48 51 509 5542 68 73 
5 52 52 36 41 41 42 42 42 45 4 7 45 45 4 68 74 
6 4 7 50 36 38 41 41 42 42 45 45 44 45 49 52 66 74 
7 5

9
1 53 37 39 39 4o 42 43 45 45 43 45 49 52 66 74 

8 4 51 38 3
1
9 39 4o 43. 41 44 45 44 46 49 53 66 76 

9 49 50 39 4 38 39 39 39 45 45 45 46 49 53 65 76 
10 47 49 41 42 38 39 4o 41 45 45 47 48 51

9 
5
5
3
2 

66 77 
11 44 45 41 42 37 38 41 41 45 46 47 50 4 67 77 
12 44 43 41 42 37 39 41 41 45 45 48 51 49 52 67 77 
13 45 45 41 48 38 38 41 42 46 46 48 52 49 51 67 78 
14 47 48 41 43 37 38 4o 42 44 45 48 52 49 50 68 77 
15 47 48 41 42 37 38 4o 41 41 44 48 50 67 77 
16 46 44 41 42 37 37 4o 43 41 43 49 51 65 75 
17 4o 41 41 42 37 37 42 44 43 45 48 51 6655 775 
18 43 44 41 41 36 37 42 44 43 45 48 50 4 
19 43 44 4o 42 37 37 43 · 44 43 45 47 50 64 74 
20 43 44 41 42 35 34 42 43 42 45 46 46 64 74 
21 44 44 41 41 34 36 43 43 42 44 46 47 65 72 
22 45 46 4o 39 38 38 43 45 45 49 47 49 62 73 

~ ~~ ~~ ag ~I jJ . 5~ ~ ~ ~ ~~ ~~ ~ 664~ +7~ 
~ ~~ t§ ~~ ~~ a6 a6 t~ ~a ~4~5 §g

9 
~~ a~ 64 7~ 

,27 45 45 39 39 41 41 44 45 4 46 46 64 
28 45 46 39 4o 4o 4o 42 43 45 48 45 48 64

64 
7
7
5 

29 46 47 4o 39 44 45 4486 590 4 
30 47 4o 4o 39 39 42 42 4 62 

64 74 
64 74 
64 74 
65 75 
65 75 
65 75 
65 
65 
66 
66 
65 
65 
65 
65 
64 

31 4o . 4o 39 39 4 4 r 63 74 
Av. 46.6 4o.o 38.5 41.2 4a.l 46.7 49.2 65.2 64.9 
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TABlE NO. 3 
1944 DAILY RIVER TEMFERATURE, TRINITY RIVER AT lEWISTON 

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

Day Sam 5pm Sam 5pm Sam 5pm Sam 5pm Sam 5pm Sam 5pm Bam 5pm 8e.m 5pm Sam 5pm Sam 5pm 8am 5pm Sam 5pn 
· . .. .. ~ . 1 40 40 39 43 50 54 63 68 68 74 65 75 57 66 53 57 44 45 

2 40 40 39 45 46 49 50 52 65 68 65 76 65 76 58 68 52 54 41 44 
3 40 40 40 43 45 46 48 52 64 69 68 77 64 75 59 62 51 52 41 45 
4 40 40 39 40 45 46 50 55 63 69 70 78 65 77 58 68 49 50 42 44 
5 40 43 39 42 44 48 55 59 63 68 70 80 66 76 60 66 50 52 43 45 
6 43 45 40 43 45 46 59 61 64 68 69 78 67 77 57 65 50 48 43 45 
7 43 44 41 45 45 46 58 63 65 74 64 76 67 75 56 66 48 50 43 43 
8 43 43 40 43 45 47 55 61 64 70 68 78 67 75 60 66 50 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 73 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 49 40 41 
12 38 40 40 45 45 48 55 62 65 73 68 so 65 74 58 61 48 50 39 40 
13 37 40 39 41 45 45 56 64 67 75 68 79 64 73 57 65 47 49 37 41 
14 38 41 37 41 44 47 55 56 67 73 70 80 64 70 56 66 46 45 38 40 
15 38 41 36 43 46 49 52 55 70 76 69 79 61 71 54 63 45 46 38 40 
16 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 58 69 75 70 78 59 69 55 64 42 45 40 42 
18 37 40 45 46 50 52 55 57 69 77 68 76 59 69 54 65 43 44 41 43 
19 38 41 43 45 50 55 54 57 70 79 68 78 58 68 54 62 43 46 42 44 

~. 
20 37 42 42 44 51 57 55 56 70 78 68 77 58 67 54 64 42 44 42 44 

.. . a; 21 39 39 41 45 56 55 54 58 70 78 67 77 60 64 57 64 42 45 43 44 
22 36 39 43 46 51 55 56 62 69 80 67 76 60 66 57 65 43 46 44 45 
23 37 42 43 46 48 54 57 62 70 80 67 75 62 69 56 66 45 47 45 45 
24 39 43 43 47 48 57 56 54 68 81 67 75 65 70 54 62 44 45 44 44 
25 39 41 43 46 50 57 59 64 70 79 65 77 62 70 54 62 42 45 42 42 , . • -l: 

26 36 42 41 45 55 55 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 40 42 40 40 
28 37 39 39 43 42 47 54 55 64 68 72 79 68 79 62 68 55 60 44 45 40 40 
29 39 40 40 42 44 48 52 59 61 69 70 78 67 78 61 65 55 62 44 46 39 40 
30 40 41 47 49 54 56 66 71 72 77 67 77 58 67 57 63 46 47 39 40 
31 40 43 47 49 54 55 69 78 65 70 55 59 39 41 
Av. 39.0 38.9 41.4 45.1 51.1 55.8 67.6 67.5 63.0 56.3 45.9 41.0 

40.6 41.3 45. 0 47.2 55.0 59.8 74.9 77.3 ·71.4 63.8 47.5 42.4 

,..... 
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TABLE NO. 4 
• 1945 DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON 

January February March April May June 

Day Max. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. 

l ' 40 ---- 39* 41 ---- 39* 43 40.8 40 47 44.2 42 54 51.2 47 58 56.0 53 
2 40 ---- . 39* 41 ---- 39* 42 40.5 39 45 43.2 40 54 51.3 47 56 55.4 53 
3 40 ---- 39* 44 

___ .. 
41* 43 40.8 40 46 44 .. 1 41 54 51.4 47 57 55.3 53 

·. ~ .. ! 4 40 
___ .. 

39* 43 ---- 42* 43 40.6 39 47 44.9 42 55 51.6 47 58 55.6 53 
5 41 ---- 40* 44 ---- 42* 42 40.2 38 47 44~6 43 54 51.6 48 , , 56 54.4 52 
6 41 ---- 41* 44 42.5 41 42 40.4 39 48 45.9 44 55 52.2 48 58 55.2 52 
7 44 ---- 43* 41 43.2 43 43 41.4 40 46 45.2 44 55 52.6 49 59 56.4 54 
8 43 41.9 41 44 43.4 43 44 42.6 42 46 44.4 43 56 53.5 50 59 56.8 54 
9 43 41.7 41 44 43.1 . 42 47 43.8 42 45 43.3 41 55 52.5 51 60 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 57 
12 43 41.9 41 45 43.7 42 47 45.9 45 48 45.6 43 51 ---- 48* 62 59.8 57 
13 45 44.0 43 45 44.4 43 48 45.6 44 48 45 . 6 43 50 --- 46* 61 59.0 57 
14 45 44.2 44 44 42.8 ~2 45 44.6 44 50 46.9 44 51 ---- 47* 60 57.6 55 

t-J 15 44 42.4 42 42 41.2 39 45 44.1 43 52 49.4 47 53 50.8 48 61 58.0 55 ,.,. 
16 42 41.1 40 43 41.4 40 43 40.7 37 52 50.7 48 54 so.o 46 63 59.5 56 
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 46 50 48.3 46 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 36 42 40.5 39 40 39.8 39 52 49.2 45 53 50.7 48 69 65.6 62 
21 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 41 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 69 66.1 62 
24 37 35.3 34 42 40~7 39 44 42.2 41 50 49.0 47 52 so.s 49 66 65.3 64 

~ . ..., 
25 38 36.6 36 42 40.3 39 43 41.2 39 49 45.7 43 52 50.8 49 65 63.2 62 
26 40 37.3 36 42 40.6 39 43 40.8 39 50 46.2 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 53 50.9 48 68 64.9 61 
28 40 37.0 35 43 40.9 39 46 44.8 43 52 50.0 47 54 52 .. 1 50 69 64 . 8 60 

' . ~ 29 42 39.1 37 48 46.0 43 53 50.1 47 53 51.6 50 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 . 39.8 39 43 41.9 41 44 42.5 41 49 46.8 44 53 50.7 48 63 60.4 58 

*Readings taken with hand thennometer. ...._ ,_ 
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TABLE NO. 4 (Conoluded) 

1945 DAILY RIVER TEMPERATURE, TRINITY RIVER AT LEWISTON 

July August September October November December 

· . .. .. ~ Day Max. Av. Min. Ma.x. Av .• Min. Max. Av. Min. Max. Av. Min. Ma.x. Av. Min. Max. Av. Min. 

1 72 67.8 62 81 73.8 68 76 70.8 65 67 61.8 56 51 49.9 49 43 43.3 43 
2 74 69.6 64 80 73.5 67 76 70.7 64 66 61.5 55 52 50.9 50 45 44.2 43 .. 3 75 70.5 66 80 73,3 67 75 69.6 63 64 60.4 56 52 51.1 50 44 43.6 42 
4 75 70.6 66 81 73.6 66 76 70.t 63 63 59,7 55 53 51.3 50 ~2 40.5 39 
5 76 71.3 66 81 74.6 68 76 71.1 66 65 60.8 55 52 50.2 48 43 42.2 41 
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 68 75 68.7 62 68 63.7 58 48 45.2 41 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 41.8 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 71.1 64 69 65.5 62 47 45.1 44 42 41.1 40 
11 76 71.3 66 81 74.3 68 78 72.3 66 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 68 63.3 59 45 44.7 44 36 35.2 34 

...... 15 79 73.4 68 79 72.3 66 75 70.3 64 65 62.3 58 45 43.9 43 37 36.5 35 
· .. ,., ~., 16 79 73.7 69 79 72.3 66 73 68.7 63 65 62.3 60 43 42.5 41 40 38.5 37 

17 81 73. 4 68 80 73.3 66 73 68.1 . 62 67 62.6 59 44 42.6 41 40 39.2 38 
18 79 73.0 68 75 71.9 69 73 68.7 63 66 61.5 58 45 44,6 43 39 38.3 38 

:~. 19 79 71.8 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 46 45.2 44 39 37.8 37 
21 80 71.8 64 80 73.9 67 66 62.7 59 60 57.2 55 45 44.0 43 39 38.8 38 
22 -- ---- -- 80 73.7 67 68 62,6 58 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 6.8 62.5 56 57 52.8 48 45 45.1 44 42 12.0 42 
25 81 74.4 69 74 69.1 63 68 62.8 57 57 52.4 48 43 43.0 42 43 42.5 12 
26 82 74.4 69 75 69.5 63 66 61;6 56 56 52.4 48 45 43.8 43 43 42.3 12 
27 83 76.4 70 75 69.8 64 / 65 60.3 55 54 52.7 51 45 45.3 44 44 ---- 42* 
28 82 76.2 71 74 69.3 64 66 60.6 54 53 52.7 52 45 44.4 43 44~ ----- 43* 
29 --81 75.2 70 74 69,8 65 66 62.1 55 53 51.0 49 44 43.3 42 43 ----- 42* 
30 80 73.8 68 77 70.4 64 67 61.5 55 -- ---- -- 44 43.3 42 43 ---- 42* 
31 80 73.7 68 76 70.6 64 -- ---- -- 50 19.5 49 -- ---- -- 43 ---- 42* 
Av. 78 72.9 68 79 72.5 67 72 66.8 61 63 59.4 56 47 45.4 44 42 40<. 7 10 

*Readings taken with hand thermometer. 
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TABLE NO. 5 

1946 DAILY RIVER TEMPERATURE. TRINITY RIVER' AT LEWISTON 
• 

Januarl* Februa!::i: Maroh AEril Mal June Ju1l August 
Dal Max. Min. Max. Ave. Min. Max .. Ave. Min. Max. Ave. Min. :Max. Ave. Min. Y..ax. 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 65.3 61 77 71.3 66 
2 44 43 43 41.8 40 46 45.2 43 53 49.5 45 58 . 56.1 53 70 65.9 62 79 73.3 68 
3 43 43 42 40.9 39 46 45.5 44 52 49.4 45 58 55.8 53 71 66.3 62 80 73.7 70 

- t 4 39 39 43 41.2 38 48 45.7 43 51 48.5 44 58 55.7 53 72 . 67~1 63 79 73.2 69 
5 42 41 44 42.5 41 49 47.0 45 51 47.9 44 57 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 70.8 66 ·. "' .. ~ ·. 
7 40 39 45 44.0 41 49 47.6 47 51 48.6 45 57 54.6 51 72 67.4 63 78 71.0 66 
8 40 39 <16 44.5 42 47 45.7 44 51 47.9 14 58 55.7 53 69 66.1 63 79 71.5 56 
9 39 38 39 36.8 35 45 43.9 41 48 45.8 44 52 48.8 45 58 56.0 54 72 66.9 62 79 71.8 66 

~ 

10 40 39 38 36.5 35 45 43.6 42 49 46.7 44 53 19.8 46 59 56.1 54 72 67.9 63 I 

11 -- 39 38 35.5 34 44 42.8 40 50 48.8 46 52 '19.0 44 60 57.4 54 74 69.2 65 
12 37 36 37 35.2 34 44 43.6 43 50 49.3 48 53 50.2 46 61 58.0 55 74 69.8 65 
13 38 36 38 35.7 34 45 43.3 41 52 19.7 47 52 50.2 47 59 57.3 56 73 69~3 65 

..... 14 39- 37 38 36.3 35 43 41.5 39 51 49.2 46 . 52 49.7 46 59 56.8 54 70 67.2 65 
m 15 38 37 39 37.6 36 45 43.0 41 52 49.5 46 54 51.3 48 58 56.5 55 72 66.3 61 

16 39 38 10 38.4 37 45 43.3 41 52 49.4 45 55 51.6 48 61 57.9 55 73 67.7 63 
17 38 37 41 39.3 38 45 44.2 43 52 48.7 44 56 •51.5 48 63, 59.3 57 74 68.9 64 
18 -- 38 42 40.2 38 43 42.2 41 50 47.2 44 55 52.7 49 64 60.4: 5? 76 70.3 65 
19 40 38.9 38 43 42.9 42 49 46.8 44 55 52.0 48 65 61.7 53 78 71.9 67 
20 40 38.9 38 45 43.7 42 49 46.3 43 54 51.8 49 66 62.8 54 79 73.2 69 . 21 41 40.0 39 47 44.8 43 49 46.7 43 48 47.7 46 65 62.7 60 79 73e7 69 

·•· . ....., 22 43 40.8 39 46 45.8 45 51 47.8 44 47 46.7 46 64 61.5 59 80 75.0 71 
23 42 41.2 40 45 43.0 42 52 49.3 45 49 47.6" 45 62 59.5 57 79 74.8 72 
24 42 41.2 40 47 44.1 41 52 49.0 44 50 49.2 47 63 59.0 55 78 73.5 70 
25 43 41.3 40 47 45.8 43 . . 51 48.4 44 50 49.6 48 65 60.8 51 '12 69.5 67 

" 26 41 40.4 39 49 47.5 45 50 47.0 43 53 49.3 49 65 61.5 58 67 66.0 64 
.. .. f,V. 27 44 42.2 41 48 46.9 45 51 47.5 43 54 50.5 47 64 61.5 58 73 68.0 63 

28 43 41.8 40 47 44.1 42 51 48.2 44 54 52.2 49 61 60.6 58 75 70. 3 66 
29 42 40.1 39 50 47.6 45 54 52.2 49 55 60.6 56 75 70.3 66 
30 42 41,2 39 49 45,8 4.2 54 52.7 49 68 63.5 59 73 69.0 66 

,.;. -~ 31 44 43.2 42 58 55.0 52 75 69 .. 2 64 
Ave. ~ V ~1 40 39 :0 38 45 

- -~-- ,.--- 43.4 42 50 -47.2 45 53 49.7 47 61 J 58.2 55 74 69A 65 78 72.8 67 
*Readings taken with hand thermometer. -............. 
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TABlE NO. 6 
1945 DAILY RIVER TEMFERATURE, TRINITY RIVER AT JUNCTION CITY 

July August September October November December 

~ li.ax. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. M.a.x. Av. Min. 
•. - .o; 1 -- ---- 83 77.3 72 76 72.8 67 69 63.4 58 51 49.6 48 ,·44 43.6 43 --

2 -- ---- -- 80 76.1 71 78 72.7 67 68 63.1 58 53 51.3 49 44 -t3.5 42 
3 76 ---- -- 82 75.8 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 81 76.0 70 77 72.0 68 67 62.0 57 53 51.5 49 44 42.9 41 
6 77 73~8 70 81 76.5 72 76 70.7 66 66 62.5 59 50 48.7 46 45 44.2 43 
7 79 75.0 n 80 75.0 70 76 70.0 64 68 63.9 59 48 46.4 45 44 43.3 42 
8 79 75.4 72 81 75.3 69 77 71.2 65 68 65.4 62 48 46.8 45 43 n.8 41 
9 74 72.6 72 82 76.2 70 77 71.7 66 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 47 46.,4 45 42 41.4 40 
11 78 73.5 70 80 75.1 70 80 73.6 68 69 66.1 63 46 45.5 44 43 41.9 41 
12 79 75 .. 0 71 79 74.3 69 79 73.6 68 70 66.1 63 48 46.1 45 41 40.2 38 
13 80 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 50 74.2 69 78 72.2 67 69 64.5 61 47 46.1 45 36 35.7 34 
15 80 76.0 72 eo 74.4 69 76 71.3 67 68 63.7 60 47 45.7 45 37 36.2 35 

.... 16 80 75.6 72 79 74.0 68 75 70.4 66 65 63.0 61 45 44.2 44 38 37.7 37 
~ 

17 79 75.2 71 81 75.3 69 76 70.0 65 67 63.0 61 45 43.9 43 40 38.9 38 
18 80 75.3 71 75 73.5 71 76 70.5 66 67 62.2 59 45 44.4 43 40 38.8 38 
19 78 74.1 70 79 73o8 69 75 69.7 65 66 61.7 58 47 46.1 45 39 38.0 37 
20 78 73.6 69 eo 74.6 69 71 67.1 64 66 61.8 59 47 46.0 45 38 38.1 38 
21 78 73.6 69 81 75.3 70 66 63.8 61 60 58.,4 56 46 45.1 44 40 39.3 38 
22 79 74.3 70 81 75.3 70 69 63.8 60 60 56.5 53 46 45.2 44 40 40.0 40 
23 80 75.0 70 79 74.0 69 68 63.4 59 58 54.4 51 47 46.5 45 41 40.5 40 
24 BO 75.3 71 76 72.0 68 70 64.2 59 58 53.,5 50 47 46.1 45 42 41.8 41 
25 81 75.4 70 76 70.8 66. _ ... 70 - 64.8 60 57 53.0 49 45 43.6 43 43 42.4 42 
26 83 76 . 7 71 76 '11.0 66 69 64.1 59 56 52.5 49 45 44.0 43 42 42.3 42 
27 85 78.5 73 76 71.4 66 66 62.1 58 53 52.2 51 46 45.4 44 44 ~2.7 42 
28 84 78.9 74 75 71.0 66 67 61.4 56 53 52.2 51 46 45.2 44 46 44.8 -. 44 
29 82 77.6 73 77 71.5 67 68 62.,5 57 53 52.5 52 44 43.5 42 45 44.3 44 
30 82 76.3 70 78 72.3 67 68 63.0 58 52 49.5 48 45 43o7 43 44 43.4 43 
31 82 77.1 71 78 72.7 67 -- ---- -- 49 49.5 48 -- ---- -- 44 43.5 43 

Averages 79 75.1 71 79 74.1 69 74 68.9 64 63 so.o 57 48 46.4 45 42 41.0 40 
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TABLE NO. 7 

• 1946 DAILY RIVER TEM.FERATURE, TRINITY RIVER AT JUNCTION CITY 

January Februa;sy: Mal June Ju1l 
Day Max. Av. Min. Max. Av. Min. Max. Av. Min. Max. Av. Min. :Max. Av. Min. 

1 45 43.3 44 38 37.7 36 -- ---- -- 61 57.9 54 71 67.6 64 
2 44 44.0 44 39 38.7 38 -- ---- -- 62 59.4 57 71 67.9 64 
3 43 43.2 43 39 38.4 37 -- ---- -- 62 59.0 56 71 68.1 ' 64 
4 43 41.5 40 38 37.7 36 -- ---- -- 62 59.2 56 72 69.3 65 
5 43 41.6 41 38 37.7 37 -- ---- -- 61 58.4 56 73 69.6•'· 66 
6 42 41.3 41 38 36.0 35 -- ---- -- 61 57.9 54 73 69.8 66 
7 41 40.6 40 37 35.6 34 -- ---- -- 62 57.9 54 73 69.8 66 
8 41 40.2 39 39 37.3 35 -- ---- -- 62 58.9 55 70 68.5 66 
9 40 39.4 39 40 39.0 38 -- ---- -- 62 59.2 56 73 69.4 65 

10 41 39.5 41 39 38.0 37 -- ---- -- 62 59.2 55 74 70.6 67 
11 41 39.8 39 39 37.5 36 -- ---- -- 64 60.7 57 75 71.7 68 
12 39 37.8 36 38 37.1 36 -- ---- -- 65 61.8 58 76 72.3 68 
13 38 37.2 36 39 37.6 36 -- ---- -- 63 61.3 58 
14 39 36.8 36 38 37.8 36 -- ---- -- 63 60.5 57 

.... 15 39 37.9 36 39 38.8 38 -- ---- -- 62 60.0 57 
CD 16 39 38.0 37 -- ---- -- -- ---- -- 64 60.7 57 

17 39 38.0 37 -- ---- -- -- ---- -- 66 62.6 58 . 18 39 38.0 36 -- ---- -- -- 67 63.S 60 -- ----
..... 19 38 37.8 37 -- ---- -- -- ---- -- 69 65.3 61 

20 39 38.8 37 -- ---- -- -- ---- -- 70 66.6 62 
21 39 38.8 38 -- ---- -- -- ---- -- 69 66.9 63 
22 40 39.5 39 -- ---- -- -- ---- -- 66 64.3 62 
23 42 40.8 40 45 44.4 43 -- ---- -- 64 61.3 58 
24 42 41.4 41 43 42.4 41 -- ---- -- 64 61.3 58 
25 42 40.7 40 44 42.2 40 51 50.2 49 66 62.8 59 
26 40 37.9 38 42 40.6 39 52 49.9 48 66 63.2 60 
27 38 36.8 35 -- ---- -- 54 51.2 48 55 63.6 60 
28 38 37.1 35 -- ----- -- 56 --------- 52.6 49 64 62.2 61 76 72.2 69 
29 39 37.0 35 -- ---- -- 57 53.4 50 66 62.5 58 76 72.2 69 
30 38 37.4 36 -- ---- -- 57 54.2 51 69 65.8 62 74 71.1 69, 
:n 38 37 . 1 35 -- ---- -- 58 55 .6 52 -- ---- -- 76 71.7 67~ 

~ 

Averages 40 39.3 38 40 38,7 37 55 52.4 50 65 61.5 58 74 70.1 67 
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ina.otivo during the daytime when they rest in shallow water or in rubble 
on the river bottom, but they start feeding at sunset and remain active 
until the next morning. There seems to be no gregarious tendency during 
this aotive period. Observations of feeding activity indicate that dace 
are omnivorous. Most feeding takes place on the algal~covered bottom, 
but drifting rood particles and floating insects are also taken. In 
winter months, dace are seldom seen in the open, although their appearance 
in fyke-net oatches during this period indicates some nocturnal activity. 

The Klamath black dace or Trinity River have been extensively re~ 
ported on by Jhingran (1948). Muoh of the dace material collected during 
this investigation was placed at his disposa l and is incorporated in hie 
study. 

Fine~scaled Kl,amath River suckers are as lrldely distributed in the 
river a are the dace, but the y are much less abundant. They are most 
commonly found in deeper holes along the river and in tributaries with 
moderate gradients. It is common to see l arge schools feeding along 
the bottom of pool areas any time or the year . This fish apparently 
has little value in the 'l'rini ty River o..a a forage f'i h f'or large trout. 
Undoubtedly, juveniles enter the diet of native trout and steelhead, 
but most small suckers are found in tributary strewna where large trout 
do not occur. 

Resident Game Fishes 

The . Trinity River inve~tigation has revealed the presence or three 
resident Salmonidae: rainbow trout, Salmo gairdnerii (Richardson) J 
brown trout, Salmo trutta (Linnaeus) J and eastern brook trout, Salvelinus 
fontinalis (Yi tohill) J named in order of abundance. 

Rainbow trout, the only native species, are distributed in fairly 
large numbers throughout the drainage, except in the upper extremities 
of some tributaries. This species contributes the major portion of all 
game fish taken by spqrtamen. The california Division of Fish and Game 
reporta that approximately 7,750 anglers took an eotimated 389,900 trout 
from the Trinity River in 1941. No observatione haves been made of rainbow 
trout spawning activities, but ripe males have been taken during the 
steelhead spawning period (February - April) in Ruoh Creek, a tributary• 
and it ms.y be assumed that they spawn during that period. 

Brown trout are also generally distributed but are fewer in number 
and more oonspiouously absent from the upper extremities or the river and 
i tB tributaries than are the rainbow. There are kncnm to be 
definite spawning migrations of adult brown trout in the Trinity. From 
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June 29 through August 2. 1945, 39 brown trout passed through the gates 
of the Lewiston fish-counting weir. Six specimena taken for study had 
an avere.go eight of 5. 7 pounds and an average length of 23.4 inches • 
Their sex products were further developed than those of steelhead, but 
less than salmon taken at the same time. Less conspicuous but larger 
migration£ occur during November and December. Although these fish have 
not been observed spawning in the Trinity River during this study, local 
residents report having seen them spawning in the upper main stream and 
its tributaries from late December until early February. 

Several young brown trout were usually taken in the fyke nets at 
Lewiston during the week following the first fall rain.· A f~ young, 
near or in their second year, were taken through the remainder of the 
winter months. Fry of this species, that had recently left the gravel, 
were taken by fyke nots o~ ve~ rare occasions in March and April. It 
is possible that the brawn trout of Trinity River migrate to the sea as 
do representatives of the same species in Europe, although no direct 
evidence is yet available to demonstrate such movement. Scales from 
the specimens taken at Lewiston were so resorbed that positive age and 
growth determi nation8 oould not be made. 

Rather lind ted populations of eastern brook trout ooour in the 
oolder wa. ters of the upper e:xtremi ties of the Trinity River and its 
tributaries. They are caught in fair numbers by sportsmen who frequent 
the higher, primitive areas o These fish do not attain a ve11• large size 
in the drainage, but their gaminess and limited distribution make them 
highly desirable to many sportsmen. 

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 tridentatua (Gai rdner)J the king 
salmon, Oncorhynchus tsoh.a.wytsoha (Walbaum) J the silver salmon, 
Onoorhynohus kisutch { albaum) J and the steelhead trout, Salmo 
gairdnerii (Richardson). 

King salmon 

Commercial and sports fisheries 

King salmon have long been sought by Indians, commercial fisher· 
men, and sportsmen as one of the moat abundant artd desirable of the 
Pa.cifi o salmons. The part played by the Trinity River in supplying 
the salmon fishery of california is not definitely known, but some 
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idea of its contribution oan be deduced from discussion of catch 
statistics. An average annual oatoh of 2,286, 588 pounds of salmon . 
has been taken commercially from waters of Humboldt and Del Nor~ 1 

Counties over a period of 28 years (Tab l e 8). These counties He / 
north and south of the mouth ~f the Klamath Rive1·, and catches ~here 
certainly include a major portion of the contribution of the Klamath 
River. Salmon or iginating from other drainages appearing in these 
catches are assumed to be compensated for by Klamath River salmon 
taken north and south of these two counties. Trinity River con­
stitutes approximately one-third of the total Klamath drainage 
accessible to spawning salmon, and its contribut ion to the oom­
meroial fishery supported by the Klamath drainage is assumed to be 
proportional to its part of the drainage area involved. Based on 
these assumptions, the annual oatoh of salmon from Trinity River 
ould approximate 762,200 pounds. 

An important sports fishery materially increases the value of 
the salmon production. It is difficult to even approximate the valne 
of these fish to the sportsmen. Businesses and people benefiting from 
sport fishing are so greatly varied and widely distributed that a 
summation of values is impossible. The california Division of Fish 
and 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 oatch amounted to 126,456 pounds. The total production 
of the salmon fishery resource of the Trinity River is probably 890,000 
pounds per year. 

Charaoteristios or the seasonal runs \ 

King salmon enter the Klamath River from the ocean in two well­
defined runs, one in spring and another in fall. The spring run, onoe 
the largest run entering the river, begins in late Maroh, reaches a peak 
in May, and diminishes to the vanishing point by the end of Jtme. At 
present, this run is very small, but Snyder (1931) cites a paper by 
R. D. 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 ~s 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 July. It increases gradually throughout that month, reaches 
a peak in August, declines steadily through Se ptember, and practically 
disappears by the beginning or winter. There appears to be little 
or no segregation of this latter run into summer and fall segments. 

Adult king salmon migrate- past Lewiston enroute to their a~wning 
grounds in what appear to be three seasonal groupsr one in spring, 
one in summer, and one in fall. Eaoh of these groups, excepting 
possibly the spring run, is distinct and divisions between ths.m are 
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TABI.E NO. 8 J • COMMERCIAL SAlMON CA.TCH* I DEL NORTE AND HUMBOLDT COUNTIES 

Weight of oatoh • 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 

, I 1926 2,825,650 
1927 1, 856,451 

I 1928 1,211,~00 
\ 1929 1, 520,624 
l 19&> 2, 387,607 
I 1931 3, 813,300 I • 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, 438,2~ 
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 2,286,688 

~roa California Division of Fish and 
Game published commercial .catch recorda. 
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well defined (Figure 5 and Table 9). · 'l'ha· spring migration passes 
Lewiston during Jun~ and July. the summer migration during August 
and September, and the fall migration during October and Novembef. 

Counts of migrating adult salmon began early enough to include 
spring-run fish in 2 or the 2 1/2 years of observations. June ~nd 
July co1,tllts -:1n 1945 totaled 25 fish. The total count for the same 
months, plus the first 10 days in Augus t, amounted to 2 '11'4 salmon in 
1946. The run in 1946 was large enough to demons trate trends and 
limite. It began on June 28. increased rapidly to a peak on July 4, 
tapered off very gradually through July. and practically ceased by 
the 6th of August. The spring-run segment nearly failed in 1945. 
The weir at Lewiston began operations June 6, but the first salmon 
to pass it did not arrive until June 22. In the period June 28 
through July 16, all but two of the 25 fish passed the weir No 
other fish were counted until August 2. 

Spring-run salmon are very de liberate in their migratory habits. 
They travel fast and do not hesi ta te to fight any obstacle encountered. 
Their greatest movement through the counting weir took place during the 
two hours following sunset, although soma migration continued day and 
night. They are in excellent condition, as is shown by their visceral 
fat, silvery bodies, and very red flesh. In same years this run is 
hardly noticeable in Trinity River because of its relatively small size 
and the fact that the salmon in it rarely strike at a fishe~an's lure. 
Upon reaching deeper holes between Lewiston and Trinity Center, these 
fbh stop migrating and remain in a semi-quiescent state until they 
spawn early in October. \ 

The so-called summer run was much more numerous and distinct than 
the spring run in both 1944 and 1945. Weir operation began August 4, 
1944, and on that date 3 fish passed the gates. Salmon arrived at the 
weir in erratic but gradually increasing numbers throughout the remainder 
of the month. The greatest daily count was made on September 2, after 
which the migration dwindled to practically nothing. The total number 
of salmon involved in this run was 801. In 1945 the summer run began 
passing the weir on August 16. It increased in the same erratic fashion 
as did the 1944 run until the greatest daily count was made on September 4. 
Unli ke the 1944 migration. movement through the weir gates after the peak 
day was sustained until the middle of September before a marked reduction 
occurred. Migration virtually ceased by the end of September. The 1945 
summer run consisted of 873 individuals. 

Th~ summer king salmon are slow and rather cautious in their 
migratory habits. They are quite wary of any obstruction or disturbance, 
and their greatest movement at Lewiston took place in the four hours 
following sunset. Li tth. if any, migratory movement was obsened during 
daylight hours. Periodic fluctuations in daily counts of these fish appear 
to be related to changes in water temperature. At Lewiston, there was gen-
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Figure 6. Numbers ot adult ld.ng salmon passing through the Lewiston 
24 weir in 1942, 1944 , 1945 and 1946 , Trinity River.-
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• TAJ3LE NO. 9 
KING SALMON COUliT S 

TRil;ITY RIVER AT LEWISTON 

1242 1944 1945 1~46 
Day Oct . Nov. Aug . Sept . Oct. Nov. J une July .Aug. Sept. Oct. June July Aug. 

1 5 8 14 1407 2 0 4 0 9 6 
2 2 177 1 75 1 1 12 0 17 7 

a 18 90 2 171 0 1 16 11 9 3 
17 3 76 5 5 0 112 21 30 0 

5 3 0 4o 1 l 0 108 2 28 1 
6 4 0 23 ~ 0 0 0 9 6 14 0 
7 6 0 8 0 0 0 0 37 3 11 0 
8 96 0 0 4 0 0 0 21 12 4 1 
9 0 13 8 1 0 0 0 80 1 5 0 

10 0 3 5 23 0 0 1 65 5 5 1 
11 9 11 5 41 0 2 0 47 12 16 
12 4 23 1 55 0 2 0 22 13 6 

ia 4 4 19 91 0 0 0 24 114 3 
4 5 8 85 0 0 0 4 255 4 

15 0 3 1 98 0 0 0 10 155 11 
I 16 0 6 4 151 0 1 12 0 75 6 

17 0 12 2 150 0 0 8 17 173 7 • \ ' 18 12 2 4 359 0 0 3 9 205 4 ~./ 

19 3 5 9 641 0 0 21 7 351 0 10 
"'-• 20 3 6 700 0 0 35 17 478 0 12 

21 6 2 385 0 0 16 4 369 0 3 
22 25 1 711 2 0 6 0 348 0 6 

~~ i~ 2 901 0 0 0 5 338 0 1 
0 461 0 0 3 3 374 0 2 

25 23 4 295 0 0 0 1 445 0 2 
26 34 1 399 0 0 23 9 385 0 2 
27 18 4 281 0 0 56 5 755 0 3 
28 22 0 259 3 0 10 7 536 2 3 
29 6 13 2 166 3 0 11 1 1170 2 8 
30 2 6 1 499 3 0 6 0 1 2 
)1 12 689 0 4 7 
~ota1s 8 187 290 511 7471 1653 11 14 217 656 6612 5 250 19 
Yearly 

total s 122 992:2 7210 274 
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erally c. peak count two days following a low river temperature. Fish 
of the summer migration are in fairly good cond:i. tion. They have no 
visceral fat, but their flesh is quite red and firm. Few of these 
salmon will strike a lureJ however, they are quite noticeable in the 
larger holes along the river between North Fork and Trinity Center. 
It is possible that the summer run at Lewiston is a late or delayed 
portion of the spring run which, having stopped migrating early in the 
season, is forced to move upstream to escape high SUDIIler water tem­
peratures. 

Fall-run salmon reached Lewiston about October 1 in 1944, and 
once they began to arrive, the number counted each day increased 
rapidly. After the initial surge, "waves" or migrants passed through 
the counting gates until a seasonal pso.k in daily count waa reached 
November lo Thie peak aocompained the first sustained rain o.nd river 
flow increase of the season. A second storm and subsequent rise in 
river flow forced removal of the counting weir on November 3. The 
counted portion of the fall run of 1944 amounted to 8,124 fiaho Tho 
fall run of 1945 reached Lewis ton at about the same time in October 
as did the 1944 run. It also passed through the counting gates in 
successive "wavesn which culminated in a peak daily count of the 
season on October 29. This peak count also coincided with the first 
sustained rainsto~ of the season which continued in intensity and 
forced removal of the weir on October 30. Fall-run salmon counted 
in 1945 totaled 6,612 at the time operations ceased. 

The fall migration is the largest ~d most noticeable. Many of 
these fish will take the fisherman's lure, and, as a result, they 
support a heavy sports fishery. Their flesh is quite pink and readily 
distinguishable from that of the fish in the two earlier migre.tioM, 
which is almost white by the time the fall migration starts • These 
salmon can also be distinguished from fish of the two previous migrations 
because their gonads are not fully mature while the other fish have 
begun spawning. Since these fish mature later, many of them are able to 
enter mnaller tributaries after the first fall freshets. 

Obviously, the total annual number of adult salmon passing Lewiston 
was greater than the 9,926 counted in 1944 and the 7,510 in 1945. It is 
believed, however, that the number of salmon paosing Lewiston was not 
muoh greater than 120 percent of the number counted. If suoh is assumed 
to be the case. then the 1944 run would have totaled about 12.000 and the 
1945 run about 9,000. 

Spawning and development 

The first spawning activities of the spring and summer salmon are 
noticeable along the river between Grass Valley Creek and Stuart Fork 
during the first week of October. By the middle of that month, spawning 
tiBh oe.u be oeen on every sui table riffle in this area, and sea ttered 
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spawning occurs upriver to the East Fork and downstr eam to the North 
Fork. Spawning in this stretch of the river reaches a peak during 
the first two weeks of November when many of thfl fa ll-run fish are 
also depositing their eggs. During the course of the investigations, 
high wa~er flow and turbidity prohibited observation of main river 
spawning after the first week of November, although spawning is known 
to occur long after that date. Salmon that had recently died following 
spawning, and a few living fish, have been seen as late as December 19 
near Lewis ton. Three freshly spent se.L'non were found dead near Lewis ton 
in February 1948. Salmon start to spawn in the Trinity Can tar area during 
the first two weeks of November, and a peak in the spawning activity is 
reached during the last two weeks of that monthe Spawning salmon have 
been observed as late as December 12 near Trinity Centa_r. 

King salmon fry begin to emerge from the river gravels during 
January. Undoubtedly, the first fry to appear are offspring of the 
spring and summer adult runs which spawn some four to six weeks ahead of 
the fall•runadults; however, no distinotionbetweenthe hatching ti:nes 
of the separate runs can be detected from fyke-net catches after the 
emergence is well underway. The movement of sal::non fry from their nests 
continues from January through Ma;r, as indica ted by results surmn.arized 
in Table 10. The appearance of undeveloped fry serves as a rough index 
to the emergence period; however, nets placed directly d~rnatream from 
salmon nests took very few yolk sao specimens, which demonstrates that 
~ng~"!-_ft.;~l~Y-- ~~:Y:E!.l.~~?~-~-~!2_!Y - ~-e~_ve~~-~ ne~ t, are __ ~ he- ~~~~~!2~-
ra thar than the rule. ·--~~ ---- -
.......--..--~~ ............. ___ ................... -.... ~ .. -·---

Seaward migration 

Seaward migration begins to intensify in Maroh (Figure 6, Table 11), 
usu~lly reaches a peak in May and JUne, continues until the first half 
of July, and practically ceases by the first of August. 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 becomes low and its 
average temperature ranges into the seventies. The greatest numbers 
or migrants for each.year of observation were taken in May of 1943 and 
1944, April of 1945, and June of 1946. 

Figurea in Table 11 do not indicate the actual size of the seaward 
migration, and, therefore, the results obtained in one year cannot be 
comps.red directly with those of another. Quantitative evaluation of 
fyke-net catches as indices of the total number of migrants is very 
difficult. Too many variables, as location of the net, stage of water 
flow, current, debris, and other factors, change the fishing success 
each day. The only certain value of the fyke-net records is t~ ahow 
the periods of seaward migration and their relative intensity during 
different seasons of the year • 
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• TABLE FO. 10 .·) 
DEVELClP~1EUT STAGE OF KIEG SALgoN CATCHES 

I N THE LE'Iv"I STOU FYXE NET 

1 9 4 5 1 2 4 6 
Yolk Abdomen Total Yolk Abdomen Tot al 

Periods Sa c Open Closed Catch Sac Open Closed Cat ch 

Feb. 5-9 ~ 0 1 1 2 
10-·14 0 0 3 3 
15- 1~ 5 0 0 0 0 
2D-2 3 1 2 1 ~4 

' 25- 1 3 0 0 2 2 
May 2- 6 ~9 0 1 1 2 ' 7-11 . 3 2 70 75 0 3 9 12 

12- 16 5 19 28 52 0 0 3 3 
17-- 21 2 5 49 56 0 1 3 4 
22-26 0 1 39 4o 0 0 2 2 
27- 31 0 0 41 41 3 8 19 30 

l~opr. 1- 5 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 ~ 71 74 
16- 20 1 4 165 170 0 15 19 
21·~25 0 0 15 15 0 1 38 39 
26-30 0 0 8 g 0 3 67 70 r • 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 11 11 
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1942 Ha fch 

1943 Ha fch 

1944 Hatch 

·~ 0~~--~~--~~--~~~--~~~~~==~=r~r=~~--~ 
~ ..... 

1945 Ha fch 

' 0 04-=T==~~~--~~~~~~~~~~~~-,==~~--r-~ 
"' ~ 

1946 Ha fch 

J F M A M J . J A S 0 N D J F M A .M 

Figure 6. Seaward mieration of young king salmon in 
'I'rinity River at Lewiston. 
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~ FYKE NET CATCHES OF YOUN~ KING SALMON IN TRINITY RIVER AT LEWISTON 

-Length groups Jan. Feb. Mar. A;er. Ma;y: Juno Jul;r A~. se:et. Oct. Nov. Dec. Jan. Feb. Mar. Apr. _ May 

56 - 60 mm. 1942-4:3 l 
6}. - 65 1 1 
66 - 70 2 3 2 
71 - 75 2 5 8 
76 - 80 3 7 10 1 

._ ~ '\ ~ 81 - 85 1 3 ... 7 1 
66 - 90 3 2 8 
91 - 95 1 1 3 

,• 96 -10J 1 3 1 
111-115 1 

Total fish l4 23 41 2 2 
Net nights fished 22 22 22 21 13 
Fish/30 net nights 19 31 56 3 5 
Aver,. length 76~9 78.0 81.9 80.5 105.5 ·····-·--

~ 
Length groups 1943-4:4 

31 - 35 mm. 4 10 1 
36 - 40 1 7 85 96 22 
41 - 45 3 10 23 
46 - 50 16 75· 
51 - 55 19 117 

·.-·"' 56 - 60 1 11 95 ~ 1 
61 - 65 3 37 1 1 
66 - 70 3 6 4 4: 1 1 
71 - 75 l 6 1 1 8 
76 - 80 7 10 2 5 2 

· .. ,.; 81 - 85 5 3 3 8 3 1 
ee - 90 1 1 1 1 2 
91 - 95 1 1 1 

Total fish 1 7 93 168 375 28 19 10 23 9 2 
Net nights fished 22 22 22 21 13 0 z 44 0 0 9 27 25 68 60 54 
Fish/30 net - -.....- . 

0 nights 1 9 127 240 865 ~· 0 127 21 12 12 ' 4 1 
!.v-er. 1en_~;..tE 36 :56 36~3 4L4 52.0 .. - - - - 75~5 76.9 79 .. 0 77.6 79.1 88 

1 net night equals 1 net fished from 5 p.m. to 8 a.m. ~ 
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Fyke Net Catches of Yo"ng King Salmon in Trinity River at Lewiston (Table No. 11 continued) 

Length ~rOUES Jan. Feb. Mar. AEr• Ma;y June Jul~ Au~,. SeEt• Oct. Nov. Dec. Jan. Feb. Mar. AEr• Ma;y 
1944-45 

:n - 35 mm. 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.- 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 6 3 3 
7l - 75 7 1 1 3 13 11 
76 - 80 7 1 1 6 2 6 1 
81 - 85 2 l 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 fisred 25 58 60 54 32 58 60 62 60 33 14 30 41 54 62 39 

~ Fish/30 rrt nights 0 3 118 348 455 396 14 1 1 1 94 11 25 4 10 2 
~ ATer. leng·::;h 39.0 37.4 38.2 46.3 51.6 49.7 63 53 68 59.3 70.7 72.6 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 

~. 

41 - 45 3 12 11 35 36 ll 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 
71 - 75 3_.- -l --. 1 8 --- 1 1 5 
76 - 80 -· -- 1 l 1 3 2 

/ 

81 - 85 1 
~ 86 - 90 

Fish not meas. 365 5 --..-:_,'• 

Total fish 10 23 258 563 89 89 23 3 0 23 36 3 0 l 6 3 
Net nights fisre d 41 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30 
Fish/30 r.et 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 81.3 
1 net night equals 1 net fished from 5 p.m. to 8 a.m. 
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• Fyke Net Catches of Young King Salmon in Trim. '.y River at Lewiston (Table No. 11 concluded) 

Length groups Jan. Feb. Mar. Apr. May June July Aug .. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. Yay 
1946-47 

26 - 30 1 
31 - 35 2 13 10 3 

- . 36 - 40 5 31 174 118 9 
~1 - 45 3 7 53 95 1157 13 
46 - 50 1 2 34 183 30 

· .... ~ 51 - 55 2 11 122 43 1 
56 - 60 17 23 
Sl - 65 2 9 
66 - 70 3 
71 - 75 1 1 
76 - 80 1 
Not mea sure d 5 
Total fish 0 10 53 241 261 472 127 1 
Net nigh:cs 

fished 12 21 31 30 30 29 31 9 
~ Fish/30 net 

nights 0 14 51 Z41 ~ 4.88 123 3 
Aver~ length 38~5 37.4 39.1 67 .. 6 48.2 52.9 5':) 

· . 1 net night equals 1 net fished from 5 p.m. to 8 a.m. 
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.•. Fyke Net Catches of YoPng King Salmon in Trinity River at Lewiston (Table No. 11 continued) 

Length t;rOUES Jan. Feb. Mar. AEr• Ma;y: June Ju1~ Au~. SeEt• Oct. Nov .. Dec. Jan. Feb. Mar. AEr$ Ma;y-
1944-45 

:31 - 35 mm. 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.- 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 
7l - 75 7 1 1 3 13 11 
76 - 80 7 1 1 8 2 6 1 
81 - 85 z 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 fishld 25 58 60 54 32 58 60 62 60 33 14 30 41 54 62 39 

<:of Fish/30 :n:'lt nights 0 3 118 348 455 396 14 1 1 1 94 11 25 4 10 2 
' .... ATer. leng·Gh 39.0 37.4 38.2 46.3 51.6 49.7 63 53 68 59.3 70.7 72.6 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 
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 
7l - 75 3 l 1 8 1 1 5 
76 - 80 1 1 1 3 2 
81 - 85 1 
86 - 90 1 

Fish not meas. 365 5 
Total fish 10 23 258 563 89 89 23 3 0 23 36 3 0 1 6 3 
Net nights f~d 41 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30 
Fish/30 r£t 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 81.3 
l net ni~ht equals l net fished from 5 p.m. to 8 a.m. 
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Young salmon were observed from a barEe anchored in the middle 
of the river during a heavy migratir.n on June 24, 1946, between 8 and 
9 p.m. At that time, fry in great numbers could be seen drifting down­
stream with the ourrent. They seemed to be evenly dispersed over the 
entire river with no tendency to travel in groups or schools, and most 
of them were within a few inches of the surface. Few were seen at depths 
exceeding 18 inches, but al l of them make some effort to stay head upstream 
as they drifted with the ourrent. In a 5-minute period, 47 were counted as 
they pe.ssed through an illuminated section of river 10 feet wide. Assum­
ing that the migrants were evenly distributed across the 200-foot width 
of the river, they were moving past this point at the rate of 188 per 
minute, or 11,280 per hour at that time. 

In the warm summer months when relatively no downstream movement 
is evidenced by fyke-net returns, young salmon are commonly seen at 
all points along the river in the vicinity of Lewiston. Their 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 rooks on the 
river bottom. Several hundred young salmon congregated at a small sub­
surface spring near Lewiston on days when the water temperature rose above 
75'7. A:ny tendency toward downstream movement in their aotivi ties is so 
alight that it escapes detection. The seaward migration is resumed 
immediately following the first fall rains when water temperatures approxi­
mate those recorded in April, May, and June. This migration of young 
entering their second year of life usually starts in Ootober or November 
and oonti~ues until March and April of the following year, as shown in 
Figure 6. 

The rate of growth of seaward migr9.nt s~lmon is diff'ioult to 
ascertain from samples taken at a fixed location. It would be possible 
only if certain population segments could be followed downstream a.nd 
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. however, that as the season of downstream migra-
tion progresses. the average length of migrants taken increases uniformly 
and may be indicative of the rata of growth ('Dable 11). Although samples 
taken in February are too small for reliable statistical treatment, salmon 
of the year oaptur9d during that month in three of the four seasons were 
larger than migrants caught in March of the sa~e years. The average 
length of February migrants in 1944 and 1945 was greater than similar 
average lengths obtained in both March and April. This tendency is pre­
sumably indicative or the difference in time of emergence between progeny 
or spring or sununer~un adults and progeny of fall-run parent salmon. 

The difference in average lengths of seaward migrants wass 15 mm. 
(Oo59 inohos) between March and May of 1943; 15 mm. (0.69 inches) between 
March and June of 1944; 15 mm. (0.59 inches) between March and June of 
1945; and 16 mm. (0.63 inches) bet~1een March and July of 1946. Salmon 
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taken in November were greater in average length by 17 mm. (0.67 
inches) in 1943, 22 mm. (0.83 inohea) in 1944, and 30 mm. (1.18 
inches) in 1945, than migrants of the same brood year netted in 
Maroh. Occasional specimens, captured by the fyke nets in .March 
of the year following the ir hatohing, average 82 mm. (3.23 inches) 
in length in 1943, 79 mm. ( 3.11 inches) in 1944, 75 mm. (2. 95 inches) 
in 1945, and 73 mm. (2.87 inches) in 1946. These lengths are probably 
less than the averages whioh could be obtained from series of samples 
collected by means other than fyke nets; fish larger than 70 mm (2.76 
inches) in length are able to avoid oapture in most stationary tyke nets. 

Sex ratios of adults 

The matter of sex ratios in a given population of migrating adult 
king salmon has been the subjeot of considerable research effort. 
Apparently, the consensus of opinion to date favors the concept of 
equal numbers of males and females in the original stock with in­
equalities resulting almost entirely from the early maturation and 
migration of a oertain portion of the males of any given year class. 
Snyder {1931, P• 103) established a sex ratio of 1 female to 1.07 males 
from 9, 439 salmon taken in the commercial ocean catch of'f Monterey, 
california, during the years 1919- 21. The ratio for the individual 
years varied only slightly, baing 1:1.10 in 1919; 1:1.02 in 1920; and 
1:1.05 in 1921. From these results, he maintains that sea fishing does 
not discriminate in any great measure against either sex. It is also 
fairly obvious that the sex ratio in the sea is 1,1 as would be expected. 
Determinations of the sex of salmon fingerlings sampled at Lewiston in­
dicate a ratio approximating equality. The sex ratio of 166 young salmon 
taken during 1943 was 1 female to 1.05 males, and a sample 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 inohea) in length. 

Sex ratios established f'ram observations on migrating adult 
populations are quite certainly affected by the type of fishing whioh 
the migration has had to pass. Gill-net fisheries are especially 
selective since most of the meah sizes are fixed by law for the 
protection of the smaller sized fish in the run. Snyder (1924) re­
porting sex determinations made on a sample of 340 king salmon taken 
at Hoopa in late September 1920, found 260 males all less than 25 inches 
long, 47 males greater than 25 inches in length, and 33 females. These 
fish were taken from Trinity River be1w the Indian fishing weir and 
probably represented a fair cross section of the migrant population 
after it had passed the gill-net fishery at tho mouth of Klamath River. 
The sex ratio derived from this sample is l female to 9.3 males. 
The preponderance of males far exceeds anything observed at Lewiston 
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or Trinity Center during this study and is also an indication of 
the depletion which selective fis.hing gear can exert on a population 
despite presumably adequate escapement provisions made by law. In a 
later study, Snyder (1931, P• 36) found that females predominated in 
the gill•net catches at the mouth of Kalamath River. During the 
years 1919-1923, inclusive, 63.2 percent of the catch consisted of 
females. His recorda are based on catches from nets that allowed 
the escapement of small fish, and, as he states, do not represent 
a true cross section of the salmon population. Snyder points out 
that a greater number of large males was taken in the fishery during 
the latter part of the season• but very seldom exceeded the number 
of females. He also noted an increase in the size of the fish as 
the fishing season progressed. 

After olcsure of the Klamath River to commercial fishing in 
1933, the migrant adult population of salmon in Trinity River must have 
returned to its original composition as regards sex ratios. Results 
obtained during ·this study would certainly be more representative than 
those of Snyder. In the vicinity of Lewiston, a sample of 33 fish con­
sisted of 1 female to 1.91 males in l942J a sample of 90 fish consisted 
of 1 female to 2.33 males in l944J and a sample of 116 fish consisted 
of 1 female to 2.66 males in 1945 {Table 12). The ratio for all years 
of' record at Lewiston 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 Lewiston. 

The diff'erenoe in 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 sun:nner and early fall runs of salmon that spawn near Lewiston must 
pass nets that would take out many of the larger fish · resulting in a 
greater proportion of' small precocious males in the upstream migration. 
It has been observed on other streams, such as the Sacramento River, 
that the sex ratio may change from year to year. Some investigators aver 
that a preponderance of males, especially grilse, presages a large migra­
tion at maturity of the brood from which the grilse were derived. 

Since the spring and summer 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 popula tiona • The sex ratio of the fish spawning in one 
area is not necessarily related to that of the spawning population in 
the other. In order to arrive at the sex ratio of all salmon migrating 
up the Trinity River above North Fork, the sex composition of both of 
those populations must be considered. An average sex ratio determined 
from salmon taken at the center of eaoh area should evaluate both popu­
lations equally and should be representative for the total spawning popu­
lation. The sex ratio derived in this manner is 1 female to 1.63 males • 
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Measurements of the total len~th of salmon sexed in the Trinity 
Center area indicate that females there are larger than those spawning 
near Lewiston (Table 12. Figure 7). The mode or greatest number of 
females of the same length in the Lewiston sample was 29 inches and in 
the Trinity Center sample it "i''lt.S 31 inches. In the Trinity Center area 
54 percent of the females measured 31 inohea or longer. and near Lewiston 
only 18 peroent were in the same category. The meap total length of 
females at 'l'rinity Center was 30.3 inches and that of female& at Lewiston 
was 28.9 inches. The difference between these means 1a lo4 inches and 
tests for validity of this difference show a high degree of significance 
(2.3 times the square root of the sum of the squares of the standard 
errors of the means). The difference in the siae of the male fish of 
the two areas is not significant. Males averaged 24.0 inches in length 
at Trinity Center and 23.3 inches at Lewiston. Near Lewiston 69 percent 
of the males were grilse. as compared with 41 percent at Trinity Center. 

Eggs contained in the ovaries of 70 female salmon were counted 
during the course of the investigations (Table 13). Individual counts 
ranged from 2, 341 to 4., 764 and nverage 3, 466. The correlation between 
egg content and weight of females is not very well marked although the 
two oharaoteristios are certainly closely related. Snyder (1931, p. 13) 
reporta counts from salmon taken in the Klamath River that oompe.re 
favorably with these figures. He derived a mean of 3,760 eggs between 
extremes of 1,718 and 4,977. Theae counts closely approximate the average 
mnnber of eggs in female king salmon from the Rogue River, which is 'believed 
to be about 3,000, and stands in sharp contrast to the 7,000 plus eggs 
carried by salmon in the Sacramento River. Part of this difference oan 
be attributed to differenoes in average weights between females of the 
two races. 

The weights of king salmon in the vioini ty of Lewiston were de­
termined from samples collected at the counting weir and along the . 
river at various points. Weights of aa.lmon in the spawning area are 
of li tt;Le value in oonsidering the problems of yield to commercial or 
sports fisheriee, but they are of biological interest. The average 
weight of 70 females collected turin~ t~ 1944 and 1946 migrations was 
13 pounds, while that of 61 males was 9.6 pounds. Average weights ot 
salmon caught by commercial netters at the mouth ot Xio.math River e 
determined by Snyder (1931) were a 15.3 pounds in 1917 ~d 16.6 pounda 
in 1919. These weights did not include many of the grilse entering the 
river and may be · somewhat high as averages for the entire run. If' this 
disorepanoy is disregarded, and if the trinity River races are similar 
to all others in the Klamath drainage, then the effort expended in 
migrations upstream to Lewiston requirea between 4.6 and 5.P. pounds or 
body weight • 
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Figure 7. Length-frequency distribution of male and female king 
salmon from two different sections of Trinity River. 
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• TA:BLJ NO. 12 
SP~ XmG SALHOH - TRIN:t:TY itiVER 

Total Lewiston Total · Trinity Ctr. 
Length 1942 1944 . 1945 1242-1~42 1~42 
Inches Female Male Female Male lrema.le Male Female Male Femle Male 

15 1 1 1 
16 7 2 1 10 2 • 
17 4 3 4 11 15 
16 l 3 3 7 33 
19 2 12 14 39 
20 1 6 11 18 28 
21 1 10 7 16 14 
22 1 J 4 12 2 6 

~~ 3 ~ 4 6 
1 4 1 3 a 25 2 4 2 2 4 6 3 

26 2 1 1 3 1 11 8 
27 2 3 3 4 6 6 11 5 
28 2 5 4 5 3 12 7 16 6 
29 2 6 1 7 1 15 2 41 6 

I 30 l 7 3 4 4 12 7 46 12 
I 31 1 2 2 3 4 4 66 15 

J 

32 1 1 1 3 1 1 a 5 42 12 

~~ 2 1 2 2 3 31 13 ) ' • 1 1 16 6 
35 1 1 2 1 3 3 3 .,_ 
36 5 
31 1 1 2 . 
36 2 2 4 3 

~6 
41 1 1 

Not mea.s. 2 8 2 8 
Totals ll 21 21 6J 29 17 61 161 ~7 ~ 
Sex l'atio 1:1.91 1:2.33 ls2.66 1:2.40 l~Oo85 

Grilse 
(24, or less) 71% 65~ 67'% 59% 41% 
Females 
(31 11 or over) 9% 22~ 19% 18% 54% 

.A.ver~e length 28. 9" 23.3" 30.3 11 24.0 11 
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TABLE HO. 13 
EECU1"'niTY OF FEMALE KING s,J:.MON - TRINITY RIVER • 1 9 4 2 1 9 4 51 

Total T</tal 
Number length Weight Number length \'Ieight 
of eggs (in.) (lbs.) of eg~s (in.) (1bs.) 
3.231 31 15 ~,659 32.25 16.7 
3.132 28 11 ,421 35.00 18.0 
3.263 35· 20 3,229 17.00 8.6 
3,409 26 8 3,225 29.00 11.9 
3,719 33 18 3.178 25.75 8.0 
2,341 25 8. 3,720 26.75 8.5 

Mean 3,182 ~,103 29.00 11.6 
Bange 2,341-3.719 .332 34.50 19.5 

3,353 I 31.00 13.3 
1 9 4 4 2,743 28.00 9.5 

2,982 32~00 13.0 
Total 4,182 28.75 10.5 

l:'umber length \'Ieight 3. 224 33.00 13.0 
of eg~s (in.) (1bs.) 3,298 31.50 13.0 
3,063 27.50 3,626 34.00 16.6 
3,492 30.25 13.5 ~,462 32.00 12.3 
2,965 30.00 13.0 ,4o9 35.00 17.3 
2,862 29.50 11.0 3.409 3~.00 14.6 

~ 
4,179 33.50 17.0 4,207 . 3 .00 16.6 c; 2,659 . 31.50 .... -........ 3,665 29.00 10.8 
3,0~7 31.00 11.5 2,960 26.50 7.7 

..... 3.9 7 31.25 13.5 3.491 38.50 12.0 
• J 

3,222 31.00 16.0 3,105 29.50 11.4 
3,145 33.00 16.5 3,187 30.00 10.0 
3.259 31.00 13.o 3.561 29.00 9.1 
3.7ag 29.00 13.0 3.658 \ 29,.50 9.8 
3.3 27.00 ll.O a·762 33.50 14.5 
3,748 27.00 10.0 '764 34.50 15.6 
3,664 ~.00 11.0 3.381 29.00 11.5 
3.505 27.00 8.5 3.505 29.00 10.3 
3.052 32.00 16.0 3.997 32.00 13.0 
3.249 28.00 11.0 3.499 29.00 11.2 
3,64o 32.50 12.0 2,961 29.00 12.0 
3,403 33.00 11.0 ~,870 29.50 12.6 
3,922 34.50 18.0 ~ 33.00 15.6 
3,210 25.00 18.0 Mean a·576 4,354 25.50 Bange 2,793- ,764 / 

3.750 33.50 16.0 
4,180 33.00 14.5 
3,233 )0.50 11.0 
3,015 27.00 9.0 
2,357 26.00 7.8 
3,154 
3,480 .. --

Mean 3.394 • Bange 2,357-4,354 
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Silver Salmon 

Silver salmon enter the lower Trinity River to spawn. They are 
not known to migrate above the mouth of the South For k at the presen~' 
time, end there are no definite indica tions that they have ever migpated 
upriver as far as Lewiston. Residents of Hyampom on the South Fork1 

clearly des~rib~ a silver salmon migr ation to that area during one year 
when unusually early fall rains occurred~ Silver salmon are known 
to be present in the Hoopa Valley during October. 

Steelhead Trout 

Steelhead trout using Trinity River spawning grounds are of little 
importance to the California commercial fishery, but they are outstanding 
as sports fish. Anglers seeking the thrill of catching these large gamey 
fish contribute to a sizable tourist population along the river in the 
fall and winter months. 

In the Trinity River, young steelhead start to emerge from the 
gravel late in April and a few begin moving downstream in May and June. 
This early movement reaches a peak in June and July (Figure 8 and Table 14) 
and subsides rapidly with decreasing river flow and increasing water 
temperatures. In some years, many adult steelhead utilize the main 
Trinity River at and above Lewiston as spawning ground. Whenever suoh 
spawning occurs, there is a post-hatching migration ?ownstream of very 
small steelhead which are apparently not migrating- seaTmrd, but are dritt­
ing downstream to satisfactory holding a reas in quiet water. Generallyp 
tributary streams are used by the steelhead, and under such oiroumstanoes, 
the large fyke-net oatches of very young fish are materially reduced. 
Some downstream movement continues through the summer and generally 
increases during the fall and winter. The migration is practically 
oomplete about the time fry of the next generation are starting to leave 
their nests. 

Early, freshwater growth of the steelhead in Trinity River is 
reflected to a certain degree by the length frequency distributions 
of fish taken by fyke nets. Catches were grouped into 10-day periods, 
and lengths of the fish were grouped at 3 millimeter (0.118 inoh) intervals. 
Idealized growth curves for each season have been fitted by inspection 
on the basis of mean lengths for eaoh period as they applied to brood 
years (Figure 9). Generally, no difficulty in separating the fish or 
each b~ood year was experienced. Because the hatching period or the 
ateelhead in Trinity River extends over about 5 months, from March 
through July, length ~requency distributions are especially broad. 
However, enough scales of young steelhead have been examined to sub­
stantiate tho separations of year broods through the first 18 months 
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Figure 8. Downstre8.lll migration ot ateelhead trout in Trinity River 
at Lewiston. 
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TABLE NO. 14 

STEELHEAD TROUT FYXE NET G.d.TCHES - T.RIHITY lUV".ll:R AT UWJ:STON 

• 4 9 ~ 4 4' ~ 

Total l 9 3 1 
( -1ength(mm.) J F M A M· J J ;. s 0 N D J F M A M J J A i S 0 }.! D 

I 

21- 25 1 11 I 
26- 30 . 9 56 . 

4 14 . 1 1 31- 35 
~6- 40 2 5 1 
1- 45 2 1 1 1 1 5 1 2 

46- 50 4 3 3 1 2 2 2 1 3 2 
51- 55 3 ~ 16 

2 1 3 10 3 11 1 2 1 4 
56- 60 5 10 6 1 2 8 3 4 l 2 l J 
61- 65 6 g 21 21 16 1 1 10 5 17 1 1 
66- 70 . a 10 41 58 4o 13 6 11 4 1 1 
71- 75 22 38 74 72 1 1 8 5 19 3 1 1 
76- 80 7 10 38 71 78 2 g 3 17 2 i 
81- 85 2 3 19 38 46 3 7 1 10 2 
86- 90 1 2 g 24 28 2 4 1 2 1 1 
91- 95 1 8 12 18 a 6 4 3 

I 96-100 1 1 9 7 2 1 1 1 

I 101-105 1 4 1 1 1 2 
I 106-110 1 2 1 2 2 1 

I 111-115 1 
116-120 l 1 

~ 
121-125 1 5 1 1 2 3 1 ) 126-130 a 1 

\ 
1 

131-135 
'-

136-140 1 2 
141-145 1 5 1 
146-150 3 1 
151-155 2 1 
Over 152 1 4 1 1 
Totals 39 70 LW 324 317 0 3 4o o o 4 3 13 85 42 102 l9 90.13 5 0 1 8 15 
Net nights 

5~ 32 58 60 62 60 33 14 30 fished 22 22 22 21 13 0 2 44 0 0 9 21 25 58 60 
Fish/30 net 

51 27 47. nights 53 95 265 463 732 0 45 27 0 0 13 3 16 44 21 7 2 0 1 17 15 
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• TABLE 1m. 14 ( Conc1·uded) 
STEEIHEAD TROOT FYXE N»T CATCHES •• TElNITY RIVER AT LliDIISTON , 

Total 1 2 4 ~ 1 9 4 b I 

len~th~mm,. ) 
. -;,.- ~ J F M A M J J AS 0 N D ]f M A M J J 

21- 25 . 1 1 2 fo 1 
26- 30 5 12 2 2084 42 
31- ~ 10 14 34 98 4g 
a6- l l 9 23 4 l 1 7 341 
1- 45 l 7 12 ll 1 l l 3 20 

46- 50 5 1 9 13 11 4 1 l 2 1 7 
51- 55 2 ll 2 5 2 1 4 
56- 60 8 3 1 2 l 1 l 1 
61- 65 1 9 1 1 1 1 ~ 66- 70 3 5 3 1 l 1 2 2 
71- 75 1 3 3 1 1 l 6 l 
76- 80 2 1 1 l 1 1 1 
81- 85 1 1 1 1 1 
86- 90 1 
91- 95 1 3 
96- 100 2 

101-105 
106-110 2 
111- 115 2 

. 116-120 1 1 l • ' 121-125 2 I l 
1~-130 1 

\ 
~- 131-135 

136-14<> 
141-145 1 
146-150 

\ 151-155 1 
Over 122 \ 

Total 8 50 13 2 10 50 70 42 0 8 9 4 0 1 1 20 246 549 160 2 
Net nights 

fished 41 54 62 39 37 29 30 28 3 13 25 31 12 21 31 30 30 29 31 9 
Fish/30 net 

nights 6 28 6 2 g 52 70 45 0 -18 11 4 0 1 1 20 246 568 155 7 
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Figure 9. Average lengt.,_s of steelhead trout young taken in fyke nets from Trinity 
River at Lewiston. arranged according to brood years and time of capture. 
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of life. The time of annulus formation is uniform regardless of the 
time of hatching, and annuli would. therefore, appear on the scales 
after 6 months to 1 year of life, depending on when the fish began inde• 
pendent existence. Growth rates established in this manner are probably 
low. Larger fiah ~ere usually missed by the fyke nets. Beyond tho arbi­
trary limit of 80 millimeters (3.15 inches), the samples are inadequate. 

The step-like character of the growth curves expresses the length 
of growing seasons in Trinity River at and above Lewiston. Apparently, 
growth is quite rapid after emergenoe of fry from the gravels. This 
acceleration slows to a virtual standstill by September, and average 
lengths are almost constant throughout the winter. Increases in length 
begin in spring (March to May, depending on the year) and presumably 
continue until the following September, although catches of older steel­
head are insufficient to determine the time of growth cessation in the 
second year of life. 

The greatest number of downstream migrating steelhead as determined 
by tyke netting, move shortly before or somewhat after the ond of the 
first year of life~ However, many migrant steelhead must be larger 
than those sampled by the fyke nets, as scale studies of adults show 
that many individuals remain in the stream two or three years before 
reaching the ocean. It is likely that·young steelhead leave the Lewiston 
area as yearlings and spend a year or more completing their migration 
to the sea. Certainly the composition of migrants passing Lewiston is 
not neoeasarily the same as that of migrants entering the Klamath River 
or the ocean. During extended winter dry periods when the river is low 
and clear, groups of several hundred steelhead trout 6 to 8 inches in 
length can be seen slowly drifting downstream. The size of these fish 
would indicate that they were in their second or third year of life. 
These schools migrate down the oenta r of the river hovering olose to 
the bottom, thus eluding the fyke nets which, because of excessive 
ourrent in midstream, were fished near the banko 

Prior to or during the seaward movement, steelhead trout beoome 
large enough to add materially to the fish population available to 
anglers. (There is no size limit in California.) The magnitude or 
the contribution to the sports fishery is not knoun, but it is assumed 
to be considerable. 

Steelhead remain in the ocean from one to three years before making 
their :first upstream migration to sp&lmo Many of them do not die 
following spawning, but return to the ocean. Before completing their 
life history, eteelhead may spawn three or four times, repeating this 
migratory procedure eaoh year after ma tur:i. ty. 
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In 1945. ·the first group of steelhead migrating up the Trinity 
River reached Lewiston on June 10. This run continued until July 12 
and totaled 41 fish (Table 15). A similar migration started on June 30• 
1946, and continued until July 25, totaling 21 fish. These counts of 
migrating fish are minimal. Many smaller steelhaad in the migration 
were able to pass through the pickets on the weir and were not counted. 
No counts were made early in 1944, but upstream migrant staelhead were 
caught by sportsmen during the first part of July. Adult steelhead 
are common in the deep holes along the river below North Fork in summer. 
These fish a tart moving upstream along with 'fresh run steelhead during 
October. counts of steelhead through the Lewiston weir in the first 3 days 
of November 1944 amounted to 456 fish. The weir was removed November 4. 
In 1945. a run of 170 ateelhead was counted in the period October 1 to 
29. The counting weir was removed from the river on the latte r date. 
Steelhead continue their spawning migration up the Trinity until sometime 
in March. Attempts to count the migrants have failed as they move during 
storm periods when it is usually necessary to remove the counting weir. 

Steelhead trout enter the larger tributaries suoh as North Fork, 
Browns Creek. and Stuart Fork following the first fall rain . Smaller 
tribu~ries are entered during the first rain in February after whioh 
these s tre~Uns maintain a tlow sufficient to in•ure adequate spawning 
oondi tiona e Spa.wning begins in the upper Trinity River drainage during 
the last part of February and reaches a peak in the last two weeks of 
Maroh and the first two weeks of April. Some scattered spawning con­
tinues until the first week of June. All observations of spawning 
activity were made in tributary streams where steelhead were confined 
to small areas and could be easily seen. Moat nests in tributary streams 
are located in gravel pockets between large boulders. However, the few 
larger riffle areas available were so heavily utilized that indiTidual 
nests could not be distinguished. Considerable spawning takes place 
in the main Trinity during the spring run-ott period when Silt-laden 
water obscures their activities. This main river spawning has never 
been observed di rectly. It is evidenced by the many nests which are 
exposed as waters r ecede following the run-off period. The ideni ty 
of these nests was proven through recovery of dead steelhead eggs from 
one nest exposed in shallow water. Usually. fry have ha.tched and esoaped 
from the gravel before such examinations oan be made. Steelhead nests 
in the main river are most commonly found in gravel areas along the 
edge of the stream and in long. oomparativety shallow pools with flat 
bottoms. Some of these nesta are possibly those of the l~prey. which 
spawns during the same period and under similar conditions. 

Directly following spawning, adult steelhead start a return 
migration to the ooean. This downstream movement whi ch probably starts 
sometime in March continues to pass Lewiston throughout the month of 
June and into July. From June 6 through July 6, 1945• 196 of theae 
migrants were counted through the gates of the Lewiston weir ( Table 16). 
The weir was not in operation in 1946 during the corresponding period• 
thus only seven migrants were counted between June 20 and July 22, 1946 • 
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TA:BLE NO. 15 
1 • ATJfJLT STEELHEAD MIGRATIOHS I 

TRINIT.Y RIVER AT TH.E LEI! I S':i:Ol~ 1YEIR I 
1 9 4 4 1 ~ 4 2 1 ~ 4 6 

Ups.treatn Downstream Upstream Downstream Upstream 
Day Mi~ration Migration :t.iigration Migration Mi~atlon 

ov. June July June Ju.l;I:: SeEt. Oct. June Ju1z JuneJu.l:t: 

l 95 0 0 · 0 0 0 0 
2 97 0 l 0 1 l 0 
3 264 0 2 0 0 0 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 
6 17 1 0 0 0 0 ~ 0 
7 22 0 0 0 0 0 0 0 
8 14 0 0 0 0 l 0 l 
9 sa 0 0 0 0 0 0 0 

10 0 1 0 0 0 0 0 
11 17 0 6 0 0 l 0 1 
12 19 0 2 l 0 0 0 4 

i~ 9 0 4 0 1 0 0 1 
9 0 0 0 0 11 0 0 

15 4 0 2 0 0 23 0 l 
16 7 0 4 0 0 1 0. 0 

I 
-~ 

I 17 0 0 1 0 0 4 0 1 i >'/ 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 o. 0 0 
22 0 0 0 0 0 12 0 1 ' 0 l 

~G 3 0 0 0 0 5 0 0 \ 0 0 
0 0 0 0 0 17 0 0 0 1 

25 0 0 0 0 0 9 2 0 0 4 
26 3 0 0 0 0 2 l 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 
31 0 0 0 0 

Totals 456 194 1 37 4 1 170 3 4 3 18 

Annual 
totals 4!26 1~2 212 7 21 
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The spent steelhead passing Lewiston during June and July in 
their seaward migration are generally in very poor oondi tion. Most 
individuals are badly spotted i th fungus growth and heavily infested 
with nematode parasites. Many badly fungused individuals died and drifted 
downstream against the Lewiston weir. Approximately 80 percent of these 
dead steelhead were males, whioh indioates that they suffer the highest 
mortality in spawning. A few of' the spent s teelhead enter the sports 
fisha.ry during May, the first month of the fishing season. Most of these 
fish are taken in the Trinity Center area near the upper end of the drainage 
where the flow is generally low enough to permit fishing in the main river 
during the first part of the season. 

Paoifio Lamprey 

Least important of the m.nadromous fishes of the Trinity River 
as a oommeroial or game species ia the Paoifio or three-toothed lampreye 
Hoopa Indians trap the l~preys for.food (Snyder, 1924, p. 164), but 
otherwise they have no apparent eoonomio importanoe. 

The adult lampreys migrate up the Trinity River in small nUIIlbers 
throughout the &Ul'll!!ler. Oooasional migrations took plaoe during July, 
August, and September in 1944 and 1945. Migrations ooourred at night 
and were infrequent, lasting only one or two nights with intervals of 
everal weeks between movements. Lamprey migrants were not numerous and 

seldom oould more than one be seen at a time. The upstream movement 
seemed to be very deliberate, and there appeared to be no tendenoy to 
pause, veer off, or delay as the migrants passed between pioket openings 
of the Lewiston weir and through the illuminated section of water above 
the weir. Larger upstream migrations undoubtedly take plaoe during the 
winter months. 

Spe.wning lampreys e.re seen in the tributaries of the Trinity 
River during April and May. Lampreys presumably spawn in the main river 
during these months, but their activity is obsoured by roiled waters 
of the spring run-off. Sane lampreys are observed in nesting areas of 
the main river during June, and receding water during the same month 
exposes many other nests oompleted earlier. Lamprey nests are looated 
in gravel along the river bottom where the current is not excessively 
swif't. In tributaries, nests are most frequently located in gravel 
above riffles or in riffle areas with moderate current. 

Following spawning, the lampreys drift downstream. and die. 
Many spent lampreys were taken dw·ing May and June in fyke nets used 
to capture seaward migrant salmon. In June and July of 1945 and 1946, 
dead lampreys lodged against the pickets of the Lewiston weir and other 
live individuals were observed feebly working their way through the 
pickets. 
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After hatching, the young lampreys remain in a larval stage for 
a period of about four years. Larval lampreys oan be found buried in 
sandy areas along the Trinity River at all times of the year. The 
downstream migration of lamprey ammocoetes starts during the first fall 
after hatching, at which t1.me the smallest individuals are only 16 to 
20 mm. (0.63 - 0.79 inoh) long. These lampreys of the first age group 
are too s~All to be retained by the 1/4-inoh mesh fyke nets used to 
sample downstream migrants of this and other species. Therefore, the 
downstream migration of the first age group oould only be detected by 
successive poisonings of ponds along the river's edge that were overflowed 
during fall floods and then isolated by receding waters. These ponds were 
poisoned with rotenone preceding flood periods to be certain that they were 
devoid of all fish life. FollO?Ting high-we. ter periods and isolation from 
the river, they were again posioned to obtain fish that had migrated during 
_the flood. In poisoned ponds lampreys would emerge from the sand, swim 
aroung in fren~ied distress, and usually die in shallow water where they 
were easily collected. Several thousand ammocoetes representing all age 
olasses were colledted from each of several sand bottom ponds 20 to 40 feet 
in width and length following each flood period. It is very likely that 
downstream movement of ammocoete stages is a passive movement. As silt 
beds in which these larvae live are destroyed or moved by high water, the 
relatively helpless lamprey larvae are carried to new locations downstream. 

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

SAlMON SPAWNING-BED SURVEYS 

Following a preliminary survey in 1944, two surveys were conducted 
during the summer of 1945 to determine as nearly as possible the spawning 
capacity of the Trinity River between the proposed Lewiston dam site and 
North Fork at different flows. 

Nest Measurements 

During the 1945 spawning period, 20 completed nests were measured 
( Table 16). 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 eaoh side of 
the nest ~hat is not actually a part of it. There is also an area at 
the downstream end of the nest which is covered by loose gravel carried 
down by the current during nest digging and an area at the upper end where 
gravel is loosened by the fish to cover the last eggs laid. Nest measurements 
shows in Table 16 may be reduced by about 45 square feet to compensate for 
these unused but disturbed areas (1-foot margin on sides and lower end of 
nests and 2-foot margin at the head). making an average nest area of about 
63 square feet, equal to the nest size {9 1 x 7') established by rough 
measurements in 1944. 
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(. TABLE N"O. 16 
1-iEASURElvJENr S OF COMPLErED laNG SALl-'iOl~ NESTS 

ON RIFFLE ABOVE LEWISTCN BRIDGE -
OCTOl3ER 26, 1945 .. 

Size Area 
in ft. in sq,. ft. 

11 X 7 17 
12 X 7 84 
13 X 7 91 
14 X 6 84 
14 X 7 98 
14 X 7 98 
14 X 7 98 
14 X 7 98 
14 X 8 112 
14 X 8 112 
14 X 8 112 
15 X 7 105 
15 X 7 105 
15 X 7 105 
15 X 8 120 

~ 
15 X 8 120 
15 X 1,0 150 r 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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Methods 

Individua l salmon nesting sites were counted and recorded for each 
riffle. An area of suitable spawning gravel, 9 by 7 feet in extent, 
measured lengthwise with the current, was considered as one nesting site. 
Major criteria used to define suitable nesting gravel wares (1) depth 
~f water (0.5 - 1.5 feet), (2) size of gravel (1 - 5 inches in diameter), 
(3) its location on the riffle, and ( 4) estimated current veloci ty. 
Application of these criteria to individual riffles was conditioned by 
combi nations of many influences. Greater water velocities enable success -
ful spawning in the areas where gravels are large. With lesser current veloci­
ties·, thes e areas are not suitable. Under certain circumstances, water 
deeper than 0.5 - 1.5 feet is certainly usedo S~e riffles consist of 
suitable gravel, current velocities are satisfactory, and water depths 
are within the range stated, but the entire riffle may be compacted and 
cemented so that it cannot be used by spawning salmon. Broad standards 
of estimate were set for these surveys . However, much of the accuracy 
achieved necessarily depended on the experience and judgment of personnel. 

On riffles with scattered patches of suitable gravel between large 
boulders, each individua l nest site was picked out and counted. The area 
of riffles with larger rocks scattered throughout suitable spawning gravel 
was determined and reduced by a correction factor. The correction factor 
was found by counting the individual nesting sites on an average cross 
section of the riffle and comparing the count with the number possible if 
the entire riffle were suitable gravel. On riffles with greatly varying 
gravel types, two or more such corrections were made as the riffle changed 
in character. The areas of riffles composed entirely of suitable gravel were 
divided into 9 by 7 foot sections. The number of sections was considered to 
be the spawning capacity. 

Results of Surveys 

The first 1945 spawning bed survey was started in July when the river 
was flowing 360 cubic feet per second at the Lewiston gaugeo 'the survey was 
completed 10 days later when the flow at Lewiston was 250 oubio feet per 
second. Slight corre ctions were made to compensate for variable flows so 
that the entire survey would show as nearly as poss ible the number of neJts 
at a flow of 300 cubic feet per second. 

The second spawning bed survey was conducted during the middle of 
September when the river discharge at Lewiston was 100 cubic feet per second. 
Results of these surveys are presented in Table 17, whiohgives the number or 
nests counted and the comparative effi ciency of wate r and riffle usuage for 
spawning at the two flows, expressed in nests per cubic root per second per 
mile of stream. 

In areas where there are broad riffles of tine gravel, the efficiency 
ot water and riffle usage inoreases with increased water flow. This is 
particularly true of the stretch of river botween Grass Valley Creek and 
Douglas City (Fi gure 10) here many broad, shallow riffles are converted 
to good spawning sites by increased flows. Just the opposite is true or 
narrow riffles where the spawning efficiena,y is reduced by increased flow. 
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TA!I.E NO. 17 
SALMON Sl? A'Wl\1 IlW BED SURVEYS - 1945 

TRINITY RIVER FRO:!>'i LEWISTON DO\Vl'l"STRE.A~1 TO t;ORTH FORK 

• Length 
of area Nun:ber of l~ests Nests/ c fs / 'Mi1e 

' .J.rea. in mi • 300 cfs 100 cfs 300 cfs 100 cfs 
Lewiston·Dam-

Lewiston 2.0 731 228 1.22 1.14 
Lewi ston -

Rush Cr~ek 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 2,909 856 1.38 1,22 
Douglas City -

Bro'<ms Creek 5.5 _ ,, 811 lv,f 850 .56 1.54 
BrO\..,rns Creek -

-;.,-.• I~ __ ... '0 

Junction City 6.5 1,643 695 .84 1·07 
I Junction City -

1':;'"/1,, 248 "'q'< I 42~ I North Fork 7.0 ·22 .60 

1 
37.0 9,897 3,220 .82 1.06 

I 1\.~0..J(..- LG! .AI , \ -,-_;> ....) ~ ' . 
I 

I TAI3LE NO. 18 
l MINIMUM AVERAGE DAILY FLOW OF TRINITY RIVER AT LE\viSTON, NOVEl·'ffiER 1-15 ) · • DISTRIBUTION OF DAILY FLOW IN 50 C.F.S GROUPS 

~-

400- 4~o-Flow 100- 150- 200- 250- 300- 350- 500-
Year in c.f.s. 149 1~9 249 29~ 24~ 32~ 449 2~ 54~ 
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 394 X ""-

1939 12() X 
1940 500 X 
1941 3o4 X 
1942 186 X 

19~ 251 X 
19 482 X 

Totals 4,162 7 4 1 1 1 1 1 1 1 

Mean 221 

•• w: 
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Figure 10. Number of salmon nests in Trinity River batlvoen Lewiston and 
Horth Fork as determined at two different river flows • 
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Swifter ourrent and deeper water over eravel on this t,vpe of riffle 
renders it unouitable for spavming purposes. Examples of this oon­
di tion ca~ be found between Lewis ton and Rush Creek, and betvreen 
Douglas City and Browns Creek. 

Expressed in terms of nos to per cubic foot per second per mile 
of stream, th$ re~ults of the two spawning-bed surveys indicate 
that t water flows between 100 and 300 cubic feet per second, there 

/ 
I 

is a very slight decrease in water-use efficiency as flaws become greater. 
Sinoe the water-use efficiency varies only slightly, there would be little 
ourve in a line projected to show water-flow in relation to nesting 
capacity. The change in efficiency between these two points should be 
fairly constant because of the counteracting effects of variations in 
nesting capacity with changes in river flow on the two types of riffles 
(broad and narrow) already discussed. 

The curve shown in Figure 11 was derived by calculating a. 
theoretical number of nests for each rata of water flow. In this 
calculation the number of nests was obtained by multiplying the number 
of miles of stream by the flow in cubic feet por second and also by 

. an <eff'iciG'lley factor. This factor was computed by subtracting from 
the observed efficiency factor at 100 oubio feet per seoond the decrease 
in efficiency from 100 oubic feet per second to the rate of flow in 
question. The calculation is algebraically expressed in the follow­
ing formula a 

lf=XF 
\ 
I 

where N is the number of the nestSJ M, the miles of stre&mJ F, .the river 
flOWJ E1, the water efficiency factor at the lowest flow measure1 E2, the 

water efficiency faotor at the highewt flow measuredJ L, the lowest flow 
mea.suredJ n, the number of intervals used between the highest and lower 
tlOWJ and i 6 the size of the interval in cubic feet per second. 

Rains of short dure.,tions and variable- intensity commonly occur 
during the peak of the spawning period, but temporarily increased flows 
caused by these rains cannot-be considered in determining normal spawning 
t1on. To elimate errors that might result from these temporary fluotua­
tiona, only the minimum flows recorded at Lewiston during the peak apa:\1n• 
ing period (November 1·15) over a period of 18 years are considered 
(Table 18) • 'rtle average minimum flow during this period is 233 oubio 
feet per second. but sinoe the miniumu flow.io below,thio average in 
11 of the 18 years, the median flow must also be lese than average. 
Flows above 350 cubic feet per seoond might be 0l1minated as erratic 
sinoe they result from unusu!l.l ·eather conditions and are widely separated 
in their oocurrenoe. The average flow with tMse years excluded 11 170 
o.f.s., which is again greater than the minimum flows of more than b&lt 
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of the ye~rs involved. The median flow, therefore, is still less, 
or very near 160 oubio feet per second. 

Assuming that the Triirl.ty RiTer salmon population is at ita 
maximum density under present oondi tions, and assuming that spawning 
apace is the d-etermining factor, then, at a median spawning flow of 
150 oubio feet per second, 5,647 nesta would be occupied in the 
river between Lewiston d&m site and North Fork as determined by 
application of formula previously described. 

EFFECt'S CJl\t WA'lER DEVELOFMENT PLANS ON THE TRINITf RIVER FISHF.RY 
AND SUGGESTED MEANS FOR FISHERY PROTECTION 

Resident game fishes will be least affected by the dam build-
ing program on the Trinity River. Movements of these fish are lind ted 
to short migrations up the tributaries where they ape.wn. This movC!lment 
will not be interfered with by dam construction except in the oase of 
the brown trout whioh appears to make extensive migrations. This 
species, however, shows remarkable po.,ers of adjusting 1 taelt to chang­
ing conditions and should adapt to any reasonable set of conditions 
which may result from dam construction. 

Steelhead trout help to maintain the heavily fiBbed residen~ 
rainbow trout population of the Trinity River. Proposed dams will 
block adult steelhead and will eliminate their construction to the 
sports fishery above these structures. The reservoirs formed by the 
.dams will support resident trout to an unknown degree, and will tend 
to offset partially the lou of the steelhead fishery now existing 
above the dam sites. Adult steelhead might be lif'ted over the dams 
ao that their progeny could oo added to the resident fish population. 
However. this addition to the resident population would be temporary. 
tosses of seaward migre.nte in diversion structures would very likely 
result in a net loss through such a program. 

The effect of the dam construction program on dace and suoker 
populations cannot be stated at this time. The abundance of these 
species will undoubtedly be affected. Whether they increase or de­
crenae in numbers will be determined only after the structures are 
built. If they increase or even maintain their present numbers, 
they might serve as an important source of food for the resident 
trout population. 

Management plans for the ane.dromous species are neceesar1ly 
based on three salient features of the water development plans) 
(1) It ill certain that the dams would be too high for economioe.l 
or practical construction of fish ladders over themJ {2) as much 
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as possible of the water developed by the proposed construction 
prog~ would be diverted out of the Trinity River watershed; and 
(3) the location of the structures is highly important. A dam a~ 
the Lewiston site will cut off approximately 50 percent of the river 
used by king salmon for spawning and a greater percentage of t~~ 
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 Principles of Operation 

There are several general principles of operation which are 
considered essential in any of the management methods suggested. 
These principles have been established from experience with other 
projects and are incorporated herein to avoid many of the troubles 
encountered elsewhere. 

1. The selected management procedure must be incorporated into 
plans of the ~ter development prog~1 before any construction work is 
undertaken. 

2. All fish should be allowed to pass upriver until the summer 
before the dams first act as barriers. By this time facilities for the 
conduct of any maintenance program adopted should be installed and operable. 

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

4. Releases at the dams should be made from the lowest possible 
level so that a minimum number of resident fish in the reservoirs will 
be drawn thro,.lgh turbines or turned into diversions. Releases at low 
levels in the dam will insure a supply of cold water to the \ stream 
below. 1 

Maintenance Plans for Le~ston 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 period. Second. suitable tributary streams might be developed 
into spawning areas. Third. fish hatcheries could be constructed. A 
satisfactory management plan may 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 areas by increasing the 
river flow is believed to be the least expensive. easiest to operate 
and least likely to prove unsatisfactory after it is placed into opera­
tion. The spawning bed surveys of 1945 showed conclusively that the 
spawning capacity varied directly with the river flow. 
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This method of increasing the spawning capacity of tho river 
might be carried out in three general types of operation: 

1. A minimum fl ow suffici ent to accommodate the maximum 
popula tion could be ma i nt ai ned throughout the year.--A minimum 
flow would ca ll for t he l east admini s t ration, supervision, 
construction, and maint enance of fish retaining and counting 
structures. Thi s method would be l east ha zardous for spawning 
fish, as it would guarantee adequate water at all times. The 
minimum flow required would be 300 cubic feet per seoond. To 
maintain such a flow, 217,200 aero-feet of water would be needed 
and most of this water ould be derived from storage. When 
spawning, egg incubation and migration were not in progress, soma 
of this water would not be necessary and its flow downstream might 
be construed as wastage. This plan has the greatest biological possi­
bilities, but due to its relatively large water demand, it will probAbly 
be the least desirable to the constructing agency. 

2. A fixed flow sche dule could be established t o accommodate 
the salmon life hi s t ory and what i s presumed t o be t he maximum spawninp; 
migration.--A fixed f l ow sche dule would prescribe water releases through­
out the year designed to accommodate the life. historJ phenomena of the 
salmon as known at the present time (Figure 12). This schedule would 
not vary from year to year, but would remain the same regardless of 
the numbers of spawning salmon. It would require a minimum of admin­
istration and construction. Some maintenance and operation of fish 
retaining and counting structures would be necessary. 

A fixed spawning flow of 300 cubic feet per second during November 
would make available the estimated 9,897 salmon nesting sites between 
Lewiston dam site and North Fork (Table 19). Approximately 5,600 of 
t hese nesting areas are normally occupied, and the additional 4,300 
spawning areas available could aoco~odate 11,200 spawning salmon, 
using the established sex ratio of 1 female to 1.63 males. Adequate 
spawning area for the greatest number of salmon actually counted at 
Lewiston during 1944 and 1945 would result from this flow. However, 
observations in the fall of 1946 when no count was made, definitely 
indicate that a greater population of spawning salmon was present and 
may have been orowded under the condi tiona of this plan. The amount 
of orowding on spawning beds whioh can occur without reducing repro­
ductive efficiency has not been determined, but certainly s~ne could 
ooour. Further.more, it is almost certain that the spawning capacities 
fixed by survey are conservative. 

Populations of spawning salmon are known to vary in number over 
very wide limits. Studies in Ce.lifo~ia's Central Valley and elsewhere 
demonstrate variations between years and between cycles which exceed 
500 percent. The provision of a slight margin is available nesting 
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Figure 13. The effect of a fixed flaw schedule for fish at Lewiston 

on the discharge or Trinity River at various points 
downstream • 
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areas over the number necessary to accommodate sa~on counted at 
Lewiston in 1944 is not adequate. It will not cover the probable 
maximum number of salmon which will return to the Trinity River 
in some yearso A fixed release schedule for salmon has the added 
disadvantage of rigidity. It cannot be quickly or effectively 
changed when greater or lesser amount6 of water end spawning 
grounds are needed for the proper safeguarding of spawning stock. 

A fixed flow schedule such as the one proposed in Figure 12 
requires a release of 120,500 acre-feet of water as measured at the 
Lewiston Bridge. The peak flow of 300 cubio teet per second would be 
maintained only during the period of heaviest spawning. After spawning 
is completed, the flow could be reduced to 200 cubic feet per second. 
Such a flow will cover all gravel in which eggs have been deposited. 
This flow should be maintained until the end of March when all but a 
very few of the young salmon have left their nests. The river flow 
should be not loss than 160 cubic feet per second during April, May, 
and June, to adequately provide for steolhead cpawning and hatching. 
The flow should not be less than 100 oubio feet per second from July 
1 to Ootober 15. The summer flow schedule (April through October 15) 
should insure the seaward migration of young salmon during April, May, 
and June , and the upstream adult migration from the end of June until 
the flow is increased to 200 cubic feet per second during the last 16 
days of October to provide for the spring and summer runs that normally 
start spawning 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 unaffected. Flows during 
the steelhead &Spe:wni.ng season are oonsiderably reduoed between Lewiston 
and Burnt Ranch and may make the river bed more sui table for the spawning 
of this species. 

Fish-tight oounting structures should be built near the Union Hill 
Pipe Crossi.ng two miles below the Lowden dam site, and at a site to be 
selected between Douglas City and the mouth of Bro~ Creek. These 
barriers would divide the spawning grounds into three areas of nearly 
equal capacity and prevent a congestion of spawning fish in any one 
area. A trap and sturdier fish barrier should be installed at or near 
the present Lewiston weir to be used if it beoomes necessary to transfer 
fish. The Lewiston barrier should be maintained as a means of' preventing 
undesirable concentrations of fish immediately below the proposed Lewiston 
d~ where practically no spawning grounds exist. It may be desirable, 
after further study, t~ locate the Lewiston barrier above the mouth of 
Deadwood Creek to allow use of this small stream by steelhead trout. 
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Fish barriers should consist of concrete dams 10 to 15 feet 
high, with long, shallow aprons. They should be equipped with high 
standard fish ladders adapted for ease in counting the fish passing 
over them. The ladders should also be fitted with effective closing 
devices. Th~ barriers should be strong enough to withstand floods 
which might be anticipated following construction of the drums and should 
be located where spawning areas are restricted and where a. minimum of 
gravel will be inundated by their foreba.yso 

3. The flow could be regula ted to produce cmly the e:l'lount of 
spawning area needed each year, depending on the number of migrants.~­
Regule.tion of the flow to approximate the needs of migratory fishes 
on an annual basis would require reservoir operation similar to that 
in type 2, but with variable spawning flows. Regulation of the spawning 
flow each year to meet needs of the particular salmon population would 
be more expensive to operate than other plans. It would call for the 
construction of an addi tiona.l fish block and counting structure near 
the North Fork of Trinity River that would of necessity be sufficiently 
massive to withstand any floods that might ocouT. 

!he plan for each year would be based on counts by resident 
biologists of migrating salmon and steelhead made as they passed 
North Fork, which is presumably far enough downstream to allow flow 
schedule determination prior to the e.otual need. This system could 
be hazardous for the salmon, as their migration past North Fork may 
not be completed before the peale spawning period starts below Lewiston. 
Lake segments of the runa may not find sufficient gravel for their needs. 
Flow ohanges should be made at weekly intervala starting October 15, and 
the revisions should be determined by the cumulative oounta obtained at 
the counting station near North Fork. The fl01'r would be increased in 
accordance with the need for additional nesting capacity between Lewiston 
dam and North Fork as determined from Table 21. This plan would utilize 
both water flow and spawning areas most effectively. 

Probable water requirements for this plan, had it been in operation 
during 1944 and 1945, are given in Table 22. The peak spawning period 
would have required a. release of 280 cubic feet per second in 1944, and 
250 in 1945. These flows are conservative as they only provide additional 
spawning area for the number of salmon actually counted at Lewiston, and 
do not provide for salmon passing Lewiston before and after the counting 
period. The spawning flows given in Table 22 were determined by adding 
the number of nests needed for counted fish to the number of nests 
~orme.lly occupied in the spawning area (5,647). The spawning population 
passing Lewiston required 3,774 nests in 1944, and 2,856 in 1945. The 
flow producing the total number of nests was chosen to the nearest 10 
cubic feet per second from Table 21. 
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T.Al!LE NO. 21 
'-• KING SALMON SP.A\VNING lrESTS, TRilUTY RIVER 

... 
t -- a&:a am e w a :.::a '*' ::u;~m==r~~.,:~, • 

Lewiston Dam Site Lewiston De.m Site C+:ra.as Valley Crnek • 
to North Fork to Gras s Valley Cr eek to North For.k "' - -

Flow Nosts/c.!.so Number Hests/c.!.s. !.'Umber ~leate/c.!.s. Numbsl" 
c.!. s~ Eor Mile o! l{e ets per Milo o! Uests por, Mile o! NoBts 

F E N 1i1 N z N ~ 

50 1.1014 2~038 .8666 324 1.1611 1,724 
60 1.09~0 2,426 v8604 387 1.1a22 2~039 
70 1.08 6 2,809 .8543 449 l.l 32 2bJ61 
80 1.0762 3,186 .8482 507 1.1342 29677 
90 l.06'i9 3,556 .. 8421 568 1"1252 ' 2~987 

100 (J'l) 1.0595 (El) ~,920 .. 8360 (~) 627 1.1163 (El ) 3.r29J 
110 l.Oall ,278 *'8299 685 1.1073 3. 59.3 
120 1.0 26 4,629 .8238 741 1~09~ .3~881:5 
1~0 1.0343 4,97~ .8176 797 1.08 4,116 
1 0 1.0259 5o31 .8116 852 l.o8o4 4~li62 

I 150 1.,0175 5o647 .8054 906 l.OTt 4 4,]1u 
I 160 1.0091 59974 • 7993 959 1,0624 5,015 ., 

170 1.0007 6,294 ~ 7932 1,011 1.0535 5,283 
180 ~9923 6,609 .7871 1,063 1 .. 0445 5.546 
190 .9839 6~917 .7810 1,113 1.0355 5,804 
200 .9755 7,219 .7749 1,162 1.0266 6o057 
210 .9671 7.514 .7687 1.211 1.0176 6t>304 / • 220 .9588 7,805 0 7627 1,25S 1.0086 6J5li-6 
230 .9,04 8,08S e 7566 1,305 . 9996 6~782 
24o .9 20 8~365 • 7~04 1.351 .9907 7,014 
250 .9336 8~636 • 7 43 19~96 .9817 7,240 
260 .9252 8,900 • 7382 1, 39 .9727 7,461 
270 o9168 9~159 • 7321 1 0 483 .96a8 7.677 280 .9084 9,411 & 7260 1,525 .95 8 7,887 
290 .9000 9P657 • 7199 1,566 .. 9458 8,091 
300 (F2) .. 8916 (E2) 9o897 • 7138 (E2) 1,606 .9368 (~) 8,291 
310 .8832 10.130 .; 7077 1,645 .9279 8,486 
320 118748 10,358 .7016 1,684 .9189 8,674 
3~0 .8664 10,579 .6954 10 ]21 .9099 8,858 
3 0 .8581 lOc 795 .6893 1,758 .9009 9,036 
J5.Q__ .8450 10 c:·· · ;> _.,..6832 1, 793 .8920 9,210 .. :...ui..y. d kaq-.:a,.-.: 

E1 or E2 • N ~ M E • E:f'!:iciency Rating . ...,--

E - El -IT El : E~ ~ ~ F~ 
E1 = Efficiency Rating at low flow. ~ 

E2 = Efficiency Re.ting nt high !low. • . 
n = Number o! intervals between E1 & E2. 
1 = Size o! interval in c.!.s. 

N•EXFXM F : Flow 

Fl = Flow at E1 in c.f.s. 
N = Number o! nests. • M -= lflilcs o! riveT, • 64 
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TABLE NO. 23 
EST ll'iAT"".,.D RUN- OFF 

ON PORTION OF TRINITY RIVER DRAINAGE 
FOR SALMON FISHERY STUDIES 

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

inclusive 
V~nth Acre Feot 
January 3~430 
February 5,870 
March 7,500 
April 10,010 
May 10,120 
June 4,750 
July 1, 220 
August 430 
September 370 
October 620 
Novembor 2~360 
_D~oo~e~m~b~e~r--------~3!430 

0. F. s. 
56 

106 
122 
168 
165 

80 
20 
7 
6 

10 
4o 
56 

U. S. ~urenu of Reclamation data • 
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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 we.s / 
established from observations of concentration on spawning beds during , 
that year compared with observed concentrations in 1944 and 1945 when / 
actual counts were made. 

Because of the unreliability in flow of tributary streams immediately 
below Lewiston, required stream flows should be measured at Lewiston dam. 
As shown in Table 23, there is very little water entering the river be­
tween Lewiston and Lowden during the salmon nesting season (Ootober­
Deoember). This early fall inflow is supplied almost entirely by 
periodic rains, e.nd in dry years it would be negligible in its effect 
on salmon spawning conditions. It is, therefore, necessary to request 
a quantity of reservoir water for fishery management equal to the amounts 
required by the plans discussed herein, to be certain of producing proper 
s pa1'1lling conditions each year • 

The studieiS that preceded the formulation of these management plans 
were made during a period when no mining silt was introduced into the 
river in the major areas involved. 'lhese plans, it they are to be 
successful, can be placed in operation only und~r similar conditions. 
I£ e. heavy load of mining silt were allowed to enter these crowded 
spawning areas, the fishery might be seriously threatened. Regulated 
flows are far below those normally encountered following salmon spawn­
ing under natural conditions; thus silt oould settle out rapidly, impact 
the gravel, and suffocate eggs and young fieh. Therefore, stringent 
measures must be taken so that no ining silt will be introduced into 
the river<I'\iring tho salmon and steelhead spawning e.nd hatohing periods 
(October 1 through July 15). \ 

\ 
Improvement of tributary s tree.ms 

Four streams tributary to the Trinity River below the Lewiston 
dam site might be developed for salmon and steelhead spawning. These 
are Rush Creek. Browns Creek. the South Fork of the Trinity River, and 
Hay Fork, a tributary to South Fork. Rush Creek and Browns Creek are 
available for salmon spawning only after rains increase their flowa, 
and the South Fork has spring and fall migrations of salmon each year. 
No salmon spawn in upper Hay Fork. 

Each of these s tree.ms has been studies to determine the extent 
to whioh it might be developed for salmon spawning. Information obtained 
is not oomplete, but enough data have been gathered to show relative 
possibilities. It has not been possible to make spawning bed surveys 
of these streams during optimum flow conditions. Surveys have been con­
ducted, however. to deter.mine the general stream types, and nest oounts 
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have been made on Rueh Creek and Parts of the South Fork at lower than 
optimum flows. With this informs. tion, the approximate nesting capaci tiett 
of the tributaries at their optimum flows have been es time. ted. Using 
the nests per cubic foot per second per mile .faotors, established for 
portions of the Trinity River at the 100 cubic feet per second flow, 
nesting capacities were computed for comparable portions of the tribu• 
taries at their optimum flows (Table 24)o Normal spawning flows for 
these streams were set up by evaluating statements made by people living 
along the a trea.ms and comparing this information with the few flow 
records that are available. 

Improvement of these streams could probably 1nake an additional 
3,566 nests available for 9,376 spawning salmon. In order to make these 
neste available, additional wa.ter development on each stream is necessary. 
Rather large storage d~s should be built in the upper portions of each 
stream drainage to provide a constant and adequate minimum flow during 
the entire year. Greater flows would be necessary when spawning ooours. 
It woulo be desirable to remove several obstructions wluch are barriers 
to fish migration during low water periods. Natural barriers obstruct 
fish movements into Hay Fork Valley. Artifioal dams and diversions 
blook from e.ocess miles of spawning area in Browns and Rueh Creeks when 
water flows are low. 

Two methods of developing salmon runs in these streams, after 
improvement, a.re possible: (1) Salmon oould be trapped at Lewiston or 
at other locations above the mouth of South Fork and hauled to the 
streamSJ (2) small runs now entering the streams or present in the main 
Trinity off their mouths could be left to take over the new spawning 
areas and develop natural runs to offset losses of sa~on blocked by 
t he Lewiston aam. Experience would dictate the latter course of aotion, 
although it may be very slow and gradual in developing. Trnnsferring 
adult sa~on is a oostly process, not only in money, but also in fish. 
It is generally better to encourage a native seed stock to increase in 
ab~ndanoe than to introduce a foreign race Mlich may or may not adapt 
to the new situation. This attitude is especially applicable to the 
South Fork of Trinity River and its major tributary, Hay Fork. Some 
main stream salmon probably oould be diverted into South Fork, Browns 
Creek and Rush Creek by constructing barriers on the main Trinity 
immediately above their respective mouths, but such construction would 
be costly and might result in serious disruption of the normal habits 
of the entire anadromous fish population. There are no means available 
whereby fish headed for the area above Lewiston can be segregated from 
those 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 
u tter lack of good roads. Tank trucks suitable for hauling adult salmon 
a re very heavy and would operate in months when roads are wet and slippery. 
It is doubtful that any transfer program could be successful ·Nithout major 
road construction and bridge strengthening projects preceding the actual 
truck operation • 
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Transfer of Trinity River salmon from the main stream to 
improved tri~utaries would not save any significant qUantities of 
water for the project. Minimum flows ranging between 100 and 200 
cubic feet per second would have to be released from the Lewiston 
dam to satisfy water users. to maintain the resident fish population 
in the river below, and to provide adequate spawning grounds for the 
salmon and steelhead populations which use the mainstream below 
Lewiston. 

Artificial propagation 

A third method of accommodating the saL~on normally passing 
above the Lewistop dam site to spawn is artifioal propagation. As 
yet, hatcheries have not proved themselves capable of maintaining 
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 operation are very 
soaroe in the Trinity drainage below Lewiston. Many stream flows are 
cold enough. but they are insufficient in volume to supply a hatchery 
large enough to accommodate present runs of fish. Plenty of water of 
fair quality could be obtained from the reservoirs to be built. How­
ever, such an arrangement would require that e. hatchery be located 
near the Lewiston dam site. The hatchery would need approximately 50 
oubio feet per second of water for operation. In addition, sufficient 
water would have to be released to the river to bring salmon and 
steelhead to the hatchery. Quantities of water involved in this 
latter operation would exceed 100 oubio feet per second. Very little 
water would be saved to the project through artificial propagation. 

Maintenance Plans for Browns Creek Dam 

The construction of a dam at the Browns Creek site would out 
off approximately 82 percent of the part of Trinity River used by 
salmon for spawning. Optimum development below Browns Creek could 
produce only 1,800 additional nests in the main river. Development 
of the South Fork and Ray Fork, which are the only suitable spawning 
tributaries below this dam site. would produce 2.300 additional salmon 
nests. Together, these additional nests in the rive'l and tributaries 
would provide for only 10,700 of a possible 21,000 1/aalmon that would 
normally spawn above the dam. The only method known that would ta.ke oare 
of the remaining salmon that oould neither spawn in the river nor in the 
tributaries would be to construct a 30~illion egg hatchery utilizing 
water fr~ the reservoir. Such a plan could not be recommended because 
of the very questionable outcome. 

y-- Determined by estimating the natural salmon population between Browns 
Creek and Lewiston. using the number of nests at the normal spawning 
flow (150 c.f.s.) in that area, and adding the maximum number of 
salmon counted at Lewiston. 
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Steelhead Maintenance 

Maintenance of the steelhead trout population would not / 
present the serious problems inherent in the perpetuation of salmon I 
if a d~ is constructed at the Lewiston site. These fish are believed 
to spawn vol~tar~ly in the lower reaches of tpe river during low 
water years and their nests are made during the spring run-off period. 
Muoh steelhead spawning takes place in tributaries in the main river 
below Lewiston which are all carrying ample water to produce adequate 
available gravel during the steelhead spawning period. ~ 

To accommodate steelhead spawning in the river, a flow of 150 c.f.c. 
would be required during the steelhead spawning period. This flow is 
included in all flow schedules for salmon spawning that are suggested in 
this report. The inflow from tributaries in the upper portion of the 
spawning area below the Lewiston dam (Table 23) will make additional 
spawning area available in the main river for steelhead blocked by the 
dam. Tributary inflow peaks during the steelhead spawning season and 
should be fairly reliable from year. to year. These tributaries are, at 
present, under-populated with spawning 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 acccm~odate 
part of the steelhead held back by the Lewiston dam. Major steelhead 
spawning tributaries below Lewiston dam site are Rush Crook, Grass Valley 
Creek, Indian Creek, Redding Creek, BrownB Creek, canyon Creek, and the 
North Fork of the Trinity, including its East Fork. 

i 
I 

Browns Creek drum would present a major problem in connection \ 
~th steelhead spawning. Only two of the major spawning tributaries 
are below this dam, thus an unknown number of these fish would have to 
be diverted into the South Fork, or removed into a hatchery. or both. 
Neither possibility would seem feasible when it is considered that 
streams and hatchery facilities would have to be developed to a maximum 
for the sa~on alone, and a project including steelhead salvage would 
involve operations of unprecedented propor~ions. 
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